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10.

Cautions

BEL JAPAN, INC. reserves all rights to this instruction manual and to the software contained herein.

Any part or all of this instruction manual and the software contained herein may not be used or reproduced
without our express authorization.

All the information contained in this instruction manual and the software specifications are subject to change
without notice.

This instruction manual and the software contained herein may not be used, except for using BELSORP-max
based on the software license agreement, without our express authorization.

We are not liable for any effect resulted from using this instruction manual and the software contained herein.
Please store the system disk carefully.

We are not liable for any damages resulting from improper use of this product.

The warranty term for BELSORP-max shall be for one (1) year after delivery.

Although this manual has been prepared with every precaution to ensure accuracy, please contact our company
if you find any questionable points, errors, omissions, etc. in this manual.

Product(s) (including parts, technical data or information thereto) described in this manual shall be subject to
export control laws and regulations of Japan or the US. You need to obtain the approval from appropriate

government (s9 when you export if such laws ant regulations require.

BEL JAPAN, INC.

Head office 1-9-1 Haradanaka, Toyonaka, Osaka, JAPAN 561-0807
Nishi-Nippon office TEL 06-6841-2161
FAX 06-6841-2767
Tokyo branch Daiko-bldg. 4F, 2-7-3, Midori, Sumida, Tokyo, JAPAN 130-0021
TEL 03-5638-4271
FAX 03-5638-4277



For safety use

Thank you very much for selecting BELSORP-max.

This manual describes safety precautions, instrument installation, sample measurement, etc., of which users
should be aware before using this product.

Read through this instruction manual before you attempt using BELSORP-max.

After you read this manual, please keep it so as to be available at any time.

Precautions
For safety use, various precautions are described throughout this instruction manual. Thoroughly

understand the precautions first, and then read the text. Be sure to follow the precautions.

To prevent any accident, the precautions that require your

special attention are highlighted with a frame as shown on & Caution
the right.

Indication level of severity

: Hazardous or unsafe practice that could result in severe injury or dead.
& Warning P Jury
Hazardous or unsafe practice that could result in minor injury, or
Caution equipment and/or material could be damaged.

Warning symbol

& Symbol Caution (attention) is required.
@ Symbol Prohibited (never do) .
0 Symbol Enforced (must do) .
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& Warning

Turn off power and disconnect the power plug in the event of any smoke, abnormal smell, or

noise.
= Using with abnormal conditions may result in fire and/or electric shock. Please contact our company.
Turn off power and disconnect the power plug in the event of spilling water in the instrument.
+ Using the instrument with water spilled may result in fire and/or electric shock. Please contact our
company.
Install the instrument in a flat place with less vibrations, and take appropriate measures to

prevent from falling down.

Use single phase AC power indicated on the back of the instrument, and be sure to install a
grounding conductor.
Do not damage the power cable.
+ It may result in electric shock and/or failure of the instrument.
Do not remove the rear panel.
* There are rotating parts including a fan, and electric-charged parts in the instrument; therefore,

touching directly these parts may result in injury and/or electric shock.

& Caution

Fix the power cable firmly so that it is not disconnected.

= Anplug is liable to generate heat. It may cause fire.

= The cable own weight applies a tension to the connections; therefore, be sure to fix it firmly.

Use the instrument in a place with less electric noises.

Electric noise may cause improper operation.

Please request us internal cleaning, when dust is accumulated inside the instrument.

= It may result in fire and/or failure of the instrument.

Do not install the instrument in a place with high temperature and humidity.

= Use the instrument in a place having a temperature of 10 to 35 °C, and humidity of 20 to 80 %.




Specifications

Measurement method

Volmetric gas adsorption method+AFSM™

Adsorptive

Ny, Ar, Kr, H,, CO, O,, CH,4, and other non-corrosive gas
Steam
(A corrosion resistant option is required for adsorption measurement of corrosive gas

such as NH; and amine, and organic vapor such as CH;OH, CgHg, etc.)

Number of samples

to be measured

Standard mode (P/P, = 10 to 0.997): 1 to 3 samples
High precision mode (P/Py = 10°® to 0.997): 1 to 2 samples (according to AFSM™)

Specific surface area

measurement range

0.01 m? g™ or more (N, / 77K)
0.0005 m? gt or more (Kr/ 77K)

Pore size distribution { 0.35 to 500 nm
(diameter)
133 kPa 5 units (Accuracy: +0.25 % of F.S.)
Pressure sensor 1.33 kPa 2 units (Accuracy: 0.5 % of R.) (OP. + 1 unit)
13.3 Pa 1 unit (Accuracy: +0.15% of R.) (OP. + 1 unit)
Pressure resolution 1.6x10°Pa

manifold temperature

40 °C (Option 50 °C)

Dewar vessel

Volume: 2.6 L Holding time: 60 h

Sample cell

About 1.8 cm?® (Option: 5 cm®)

Exhaust system

Turbo molecular pump + Rotary pump
: Attainable vacuum: 6.7 x 107 Pa or less (manufacturer’s specification)

(Option: Oil free exhaust system)

Vacuum gauge

Cold cathode gauge (2 x 107 pa to 1 Pa)

Measurement

program

Pretreatment and adsorption/desorption isotherm measurement

Analysis program

- Adsorption /desorption isotherm

- Specific surface area by Langmuir method

* Pore volume calculation by DA method
Micro-pore analysis by MP method, HK
method, and SF method
Difference of adosorption method

- Specific surface area by BET
method
Meso-Pore analysis by DH
method, CI method, BJH method
Micro-pore volume and
micro-pore diamether by

(BELMaster™) t-method, o method
Equivalence diffential adsorption
heat analysis

Pore size distribution analysis by the NLDFT/GCMC (BELSim™) (Optional)
OS: Windows 2000, XP, Vista, 7 CPU: Intel Processor
Required PC

environment

Memory: 2 GB or more Hard disc: Free spaces of 1 GB or more

USB port: USB 2.0

Auxiliary equipment

Rotary pump displacement: 50 L min?  Attainable vacuum: 6.7 x 10 Pa




He, absorptive (N, Ar, etc. ) : 1/8” Swage lock joint (0.1MPa (G))
Utility Air for valve operation : 1/4” Plastics tube quick connect (0.5 to 0.6MPa (G))
Rotary pump connection port : OD ¢$11 mm Hose nipple

W565 x H850 x D580 mm, 84 kg
Dimension / weight
(Excluding a vacuum pump and computer related equipment)

Single phase, AC100 to 120 V or AC200 to 240 V /800 VA (max. 700VA for roughing
Power

vacuum pump)

1) The minimum measurable specific surface area depends on the sample density.




Optional equipment specifications

Temperature controller

Power

Single phase, AC100 to 240 V / 600 VA

Dimension / weight

W145 x H200 x xD300 mm, 4 kg

450 °C heater

Number of ports 3
Temperature range 50 to 450 °C
Temperature stability +0.2°C
Overheat detection temperature 500 °C

Temperature control

PID control using a temperature controller in the

temperature device controller

Dimension / weight

W280 x H240 x D270mm, 6.5 kg

550 °C heater

Number of ports 3
Temperature range 50 to 550 °C
Temperature stability +0.5°C
Overheat detection temperature 600°C

Temperature control

PID control using a temperature controller in the

temperature device controller

Dimension / weight

W280 x H240 x D270 mm, 9 kg

1100 °C electric furnace

Number of ports

1

Temperature range

50 to 1100°C

Temperature stability

+0.5°C

Overheat detection temperature

1150°C

Temperature control

PID control using a temperature controller in the

temperature device controller

Dimension / weight

W280 x H300 x D270 mm, 6 kg

Water bath

Operating temperature range

-10°Cto 70°C

Wetted material

SUS304, SUS410, silicon rubber

Dimension W280 x H240 x D270 mm
Weight Open system 6 kg
Closed system 6 kg
\olume Open system 21L
Closed system Internal bath: 0.7 L
External bath: 1.4 L
Joint OD. $13 mm hose nipple




Gas selector

Number of ports 4

Gas connection port 1/8” swage lock joint (0.5 to 1.5 bar)

[ N In case of using corossive gas, use the specially designed port V2 or V3.

Flow gas pretreatment

line

Connected to the unit using a flow gas sample cell

Corrosion resistant

exhaust system

Rotary pump (Fonbrin oil type) : Displacement: 30 L min™*

Attainable vacuum: 200 Pa

Oil free exhaust system

Diaphragm pump: Displacement  : 15 L min™

Attainable vacuum: 350 Pa

Corrosion resistant diaphragm pump: Displacement: 20 L min™

Attainable vacuum: 200 Pa
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Before measuring samples
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About BELSORP-max

K The gas adsorption method is one of the important experimental means for characterizing fine\
particles or porous materials. However, operation of the conventional adsorbing device was complicated,
and a skilled person was required to obtain the measurement data accurately. @ BELSORP-max, an
automatic gas adsorption measuring unit for gas adsorption, vapor adsorption and chemisorption, is

designed to measure accurately, quickly the properties of fine particles, such as the specific surface area,

Qore size distribution and metal dispersion, by easy operation using the gas adsorption method. )
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1. Various measurement items

Various items, such as the specific surface area, pore size distribution and metal dispersion, can be
measured using a single measuring unit, by applying gas adsorption, vapor adsorption, and chemisorption.
2. A wide range of adsorption isotherm
The adsorption isotherm can be measured in the range from P/P, = 107 to 0.997.
3. Vapor adsorption as standard unit
The vapor adsorption measurement is included as standard equipment.
4. Measurement system without refrigerant control (AFSM ™)

The refrigerant level control is not required for the unique dead volume measurement system. This

eliminates troubles related to the level control, and enables highly repeatable measurement.

5. Automatic measurement of the saturation vapor pressure

In the nitrogen adsorption measurement at liquid nitrogen temperature and the argon adsorption
measurement at liquid argon temperature, the saturation vapor pressure is influenced largely from atmospheric
pressures, and the measured data especially around the relative pressure of 1.0 have a large error.
BELSORP-max eliminates the error caused from the saturation vapor pressure change, by measuring

simultaneously the saturation vapor pressure of nitrogen and argon using the specially designed port (PO port).

6. Automatic measurement of the adsorption/desorption isotherm and the metal dispersion

Various own-developed software applications offer high operability. Once the sample cell is set, the
subsequent measuring processes are performed automatically. The measured data are analyzed using a variety
of software applications, and then output to a display or a printer. Moreover, the instrument can be diagnosed
by running the system check software application.

7. Multi-gas applicability

Nitrogen, argon, krypton, steam, and other adsorptive gas (except corrosive gas) can be measured for the

respective adsorption isotherms. The optional gas selector enables seven different types of gas to be

connected at a time.
8. Measuring up to 3 samples in parallel
Each measurement port is equipped with pressure sensors; and measuring up to 3 samples can be

11



performed in parallel.
9. Automatic measurement with 8 measuring units
A PC controls up to 8 units of BELSORP-max.

10. Compact and economy

The streamlined design enabled a compact instrument, and offers at a low cost.
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000 Volumetric and gravimetric gas adsorption method ooo

1. General Principle

Among various adsorption measurement methods, the gravimetric and the volumetric gas adsorption method are

extensively used (Fig. 1).
Pressure gauge Pressure gauge

, Absorptive. 5——({r—" ——(——» Exhaust ine
Adsorptive— — Exhaust line

AR
{0
N5

Gravimetric gas adsorption method Volumetric gas adsorption method
Fig. 1

The gravimetric gas adsorption method is relatively simple in terms of the measurement principle and the
experiment method; therefore, it has been extensively used as the adsorption isotherm measurement method. As to
the gravimetric gas adsorption method, however, a skillful technique is required for a stable operation of a highly
sensitive microbalance, and it is difficult to measure accurately a small weight change by adsorption. Furthermore,
the gravimetric gas adosorption method in which the sample is hung down requires verifying whether the sample
temperature has reached the adsorption temperature, and also whether it has reached the heat equilibrium since
adsorption heat is generated. For the reasons mentioned above, the gravimetric gas adosorption requires a highly
skilled technique for obtaining the adsorption data accurately.

As to the volumetaric gas adsorption, on the other hand, it reaches the heat equilibrium quickly before and after
the adsorption process. With the volumetaric gas adsorption method, the measurement system volume is measured
precisely to determine the adsorption. Then, the adsorption is calculated from the gas pressure change in the
measurement system, using the equation of state for gas. Moreover, the sample handling is much easier than those

by the gravimetric gas adsorption method.

13

oY)
@D
—r
(@)
=
@D
3
@D
job)
(7]
=
=
>
o
(%2]
QD
3
=]
@D
w




oY)
@D
—r
(@)
=
@D
3
@D
o))
(7]
=
=
>
o
(%]
QD
3
(e}
@D
w

2. Measurement system of BELSORP-max

BELSORP-max is a full automatic gas-adsorption measuring unit, which adopts the constant volume method
for the measurement system.  The reference volume buffer and each measurement port are equipped with pressure

sensor, all of which enable higher accuracy measurement. Highly repeatable data can be obtained by easy operation.

000 Pretreatment 000

1. Principle

The gas adsorption measurement process includes; sample pretreatment, dead volume measurement, adsorption
measurement, and then desorption measurement.

Solid surfaces are sensitively influenced by environment. Samples with a larger specific surface area are
influenced more strongly. In the pretreatment, appropriate environments shall be provided according to the
measurement intended, and it shall not change any properties on the sample surface.

The gas adsorption measurement determines the adsorption per 1g-sample. When the error in mass is as large
as 1 %, the measurement accuracy is influenced by the error to the same extent. Therefore, it is required to
accurately determine the sample weight from the blank sample cell weight and the sample cell weight after
pretreatment.

In order to measure the adsorption isotherm accurately, it is important to perform the pretreatment with
suitable conditions. The pretreatment shall be performed on such conditions as the gas and moisture adsorbed
surface can be removed without denaturalizing the sample. The sample mass shall be obtained accurately. The

pretreatment methods include the vacuum heating treatment, the flow gas heating treatment, etc.

2. Pretreatment with BELSORP-max

Pretreatment with BELSORP-max can be performed while vacuuming at room temperature. The optional
heater and electric furnace enables the vacuum heating pretreatment, whereas the flow gas pretreatment line

enables the flow gas pretreatment.

/N When volatile vapor or gas are generated by heating samples, it may contaminate the instrument.
Pre-treat or dry samples with BELPREP-vac 11, BELPREP-flow I, or other pretreatment devices before the

pretreatment with BELSORP-max.

14



000 Dead volume measurement 000

1. General Principle

Pressure sensor P1 The space volume in the sample cell is called

“ Dead Volume (Vd) ” (Fig. 2).

When the sample cell and the amount of samples

Exhaust line change, naturally the Vd value changes. Therefore,

Adsorptive —» —> Vd has to be measured for every adsorption
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measurement. Here, Vd is determined as follows.

Install the sample cell to the adsorbing device
Pressure sensor P2

after pretreatment, and then exhaust the measurement
system. Keep the sample temperature at constant.

Dose helium gas into the reference volume buffer Vs,

Bl Vs
vd

and measure the pressure P1; (1) using the pressure

sensor P1.  The reference volume buffer Vs has been
calibrated, and is specific to each instrument. Open
the valve C between Vd and Vs to diffuse helium gas
Fig. 2 in the space of Vd, and then close the valve C several
seconds later. Now, P1, (1) represents the pressure
at the pressure sensor P1, while P2, (1) represents the pressure at the pressure sensor P2. With an assumption that
the helium gas adsorption to the sample and/or the wall could be negligible, the first point dead volume Vd (1) can be
determined using the following equation.
(PL; @) - P1,(1))xVs

va@= P2, (1)

Then, dose additional helium gas, and measure the pressure P1; (2) with the pressure sensor. Diffuse helium
gas into the space of Vd using the same procedure as for the first point. Now, P1, (2) represents the pressure at the
pressure sensor P1, while P2, (2) represents the pressure at the pressure sensor P2.  The second point dead volume

Vd (2) can be determined as the following equation.

(PL; (2) - PL, (2))xVs + P2, (1) xVd ()

va@)= P2.(2)

In the same manner, the n-th point dead volume can be expressed as follow.

(P1; (n)—P1, (n))xVs + P2, (n—1)xVd(n —1)
P2, (n)

vd(n) =
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2. Dead volume measurement system with BEL SORP-max (AESM™)

In the nitrogen adsorption measurement, the sample section is refrigerated with liquid nitrogen to keep the
adsorption temperature in the sample section constant. The dead volume (Vd) changes as the liquid nitrogen level
changes. Generally, the liquid nitrogen level is controlled as to be constant, and the dead volume is fixed.

BELSORP-max uses a new dead volume measurement system (Advanced Free Space Measurement) that does
not require the liquid nitrogen level control, and accordingly it offers a compact design, low cost, and high operability.

Liquid nitrogen is filled in the Dewar vessel (about 2.6 L) for cooling samples before measurement. The liquid
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nitrogen in the Dewar vessel vaporizes during the adsorption measurement of samples, and it decreases gradually (it

retains for 60 hours or more). The dead volume in the sample cell changes gradually along with this level drop.

BELSORP-max measures the changing dead volume as follows. A dead volume reference cell (blank sample cell:
the same as the sample cell used for measurement) is soaked in liquid nitrogen together with the sample cell (Fig. 3).
Prior to the adsorption measurement, the dead volume in the sample cell is measured, as well as those in the dead
volume reference cell. Now, the liquid nitrogen level is at level 1 as shown in Fig. 3. Vdny (1) represents the
dead volume of the sample cell, while Vd . (1) and Peq, (1) represent the dead volume of the reference cell and the
pressure, respectively. P (2) represents the pressure in the dead volume reference cell when the liquid nitrogen
level drops to level 2. Then, the dead volume of the reference cell Vd . (2) and the difference A Vd. at level 2

are expressed as follow.

Vd(ref)(z) = Vd(ref)(l) X P(ref)(l) / P(ref)(z)
AVd(ref) = Vd(ref)(z) - Vd(ref)(l)

Since the dead volume change in the sample cell is
equal to those in the dead volume reference cell (A Vdgmp
= AVdep, within £ 0.2 % based on our data), the dead

volume, Vdemp (2) , of the sample cell at level 2 can be

expressed as follow. ____ Levell
---- Level 2
Vd(smp)(2) = Vd(smp)(1) + A Vdgmp
= Vdepy(1) + AVdgen
Dead volume Sample cell
In such a way, highly reliable data can be obtained by reference cell

measuring the dead volume at each measuring point.
Fig. 3
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000 Adsorption measurement and desorption measurement 000

1. The generally principle of adsorption measurement

The adsorptive gas pressure dosed to the sample cell from the reference volume buffer Vs decreases due to
adsorption. In the volumetric method, the amount of adsorption is determined from this pressure difference before
and after the adsorption.

Now, P1; (n) (kPa) represents the adsorptive pressure dosed to Vs through the valve-A, as shown in Fig.2 on
page 15, at the n-th point adsorption measurement.  Also, P1, (n) represents the pressure at the pressure sensor P1,
and P2, (n) represents the pressure at the pressure sensor P2 while reaching the adsorption equilibrium by opening the
valve C; the n-th point adsorption V (n) (amount of adsorption per 1g-adsorbent being converted into the gas volume
in a standard state) can be determined using the equation of state for ideal gas, as follow.

Firstly, the gas volume V1 in Vs (cm * (standard state) / g*), which changed before and after the adsorption, is
expressed as the following equation. Ws and T are the sample weight and the absolute temperature of Vs,

respectively.

(PL, () - P1, (n))xVs x 273.15
101.30-Ws T

Vi=

The gas volume V2 in Vd, which changed before and after adsorption, can be determined from the (n-1)-th point

equilibrium pressure P2, (n-1) in Vd, and the n-th point equilibrium pressure P2, (n) in VVd, as follow.

{P2,(n-1)- P2, (n)}xVd x 273.15
- 101.30-Ws-T

V2

The sample’s adsorption change AV in the n-th point’s adsorption process is equal to the gas volume in Vs and
Vd that changed before and after adsorption; therefore it is expressed with the following equation.
AV =V1+V2
Hence, the adsorption V (n) at the adsorption equilibrium pressure P2, (n) is expressed as follow.

V(n)=V(n-1)+AV

2. The general of principle desorption measurement

The desorption isotherm is measured as follows. Now, P1; (n) (kPa) represents the adsorptive pressure when
Vs is depressurized through the valve B while closing the valve C, shown in Fig.2 on page 15, at the n-th point
desorption measurement.  Also, P1, (n) represents the pressure at the pressure sensor P1, and P2, (n) represents the
pressure at the pressure sensor P2 while reaching the adsorption equilibrium by opening the valve C.  Then, the n-th

point’s adsorption V (n) can be determined using the same equation as for the adsorption process.
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000 Saturation vapor pressure measurement 000

1. Principle

The nitrogen gas adsorption measurement at liquid nitrogen temperature is effective to determine the specific
surface area and pore size distribution of samples. This measurement uses liquid nitrogen as refrigerant to cool
samples. The liquid nitrogen boiling point changes as the atmospheric pressure changes, and accordingly the
saturation vapor pressure of nitrogen changes. When a fixed value (e.g. atmospheric pressure = 101.3 kPa) is used

for the saturation vapor pressure, highly repeatable data cannot be obtained especially in high relative pressure areas.

2. Saturation vapor pressure measurement system with BEL SORP-max

BELSORP-max enables highly repeatable measurement in high relative pressure areas by measuring the

saturation vapor pressure. The saturation vapor pressure value can be specified by the following two different

modes.
This mode is selected for the nitrogen adsorption measurement at liquid
nitrogen temperature, and the argon adsorption measurement at liquid argon
1 Saturation vapor pressure temperature.  The saturation vapor pressure is measured at each adsorption

measurement mode measurement point, by liquefying adsorptive gas at the PO port, a specially
designed port for the saturation vapor pressure measurement. Highly

precise data can be obtained.

2 Input value mode An input value is used to specify the saturation vapor pressure.

18



000 Non-ideality correction of the adsorptive gas 000

1. General principle

The relation between the gas pressure P, the molecular volume V,, and the temperature T is expressed as:
PV =zRT
Where, z is referred to as compressibility factor, which is always 1 for the ideal gas. For the real gas,
however, it deviates from the ideal gas to some extent. ~ The compressibility factor z of nitrogen gas, for example, is

1.000 at pressure of 100 kPa or less, and temperature of 300 K, but it is 0.956 at pressure of 100 kPa, and temperature
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of 77 K. This means that the number of moles is about 4 % larger than those estimated for the equation of state of

ideal gas when the nitrogen gas in a certain volume is refrigerated at liquid nitrogen temperature, and the pressure is

around atmospheric pressure. Therefore, when calculating the adsorption by the volumetric method, it is necessary

to correct the non-ideality to obtain a highly accurate result.
Pressure sensor P1

2. System of BEL. SORP-max

Adsorptive Exhaust line

BELSORP-max corrects the non-ideality of nitrogen gas at liquid nitrogen

temperature. When the dead volume Vd is divided into the real volume V,
I Vs

Cvd

that is put in liquid nitrogen and the real volume Vg at room temperature as

shown in Fig. 4, the dead volume Vd is expressed as follow. Pressure sensor P2

T
vd =V, +V, —R 1
s 1)

Where, Tg represents room temperature. The correction of non-ideality

at nitrogen adsorption / desorption measurement is applied to V.  Using a

compressibility factor z, the dead volume Vd’ after correction is expressed as:

VA’ =V +V, -8
77.35-2z
@
Accordingly, the correction A added to the dead volume measured with helium is expressed as:
A=Vd'-vd =V, & _[122 ®)
7735\ z

Once V, is determined, the dead volume after correction can be determined. Now, the dead volume at room

temperature Vdgr can be expressed:
Vdgr =Vg +V, 4)

Therefore, V| can be determined by subtracting (4) from (1), as follow.

V, =(Vd -Vdgy )(T 77.35 ] (5)

W —71.35

The compressibility factor z is determined using the virial equation of state as follow.
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z:1+£P
RT

Where, B represents the second virial coefficient, while P represents pressure.

000 Correction of thermal transpiration 000

1. General principle

When two vessels with different temperature are connected with a tube, the pressure in a vessel may differ from

those in the other vessel.  This effect is referred to as thermal transpiration. It may be significant when the
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pressure is 1 kPa or less, the tube diameter is several millimeters or less, and the temperature difference between the

vessels is large.

2. System with BELSORP-max

BELSORP-max corrects the thermal transpiration using the following equation.

Py AXZ+BX +CVX + (T /Ty)

Py AXZ £ BX +C/X +1

X =7.50x10°P,d

A=1.4x10%exp(1.17 x Dx10x (T) >

B =5.6exp(1.40x Dx10) x (T)*

C =((1.10x10/ D) -14)x (T)™*°

_Ti+T
2

T

P,:  Sample cell pressure (Pa)

P,:  Manifold pressure (Pa)

T,: Sample cell temperature (K)

T,:  Manifold temperature (K)

d:  Sample cell inner diameter (mm)

D: Molecular diameter (nm)
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Nomenclature and function

of individual components

000 Main u

@ Lifting switch

A manual switch to lift the Dewar vessel, water
bath, heater, and electric furnace. It is usually
controlled by a signal from a computer; however, it can
be controlled manually where applicable.
A: Lift-up button. Press this button for a short period
to lift up. Hold depressing this button for 5 seconds to
keep lifting up even after releasing it. It stops by
pressing the stop button or when it lifts up to the upper
limit position.
m: Stop button. It stops by pressing this button while
lifting. It blinks when a protective function works due
to overload while lifting. In such a case, press the reset
switch in the temperature controller pocket 3.
V. Lift-down button. Press this button for a short
period to lift down. Hold depressing this button for 5
seconds to keep lifting down even after releasing it. It
stops by pressing the stop button or when it lifts down to
the lower limit position.

nit-front 0oo

@

i

1-®

= ——o

\\

®\\ i \\\@
Q—| [= "

= 1 =0

/N Do not press the lifting switch while
measuring samples.
Do not put your hand or other materials on the
temperature device while lifting.

@ Power indicator

This indicates power switch to the instrument. It is
interlocked with a power switch on the back of the
instrument.

@ Temperature controller pocket

Pull the handle to open the pocket. The following

® Needle valve adjustment screw storage
shutter

The needle valve adjustment screw is located inside
this shutter.  Adjust the valve opening with this screw to
control the gas flow. Viewing from the front of the
main unit, the screw C (for a large flow rate) is on the
left, while the screw F (for a small flow rate) is on the
right.

& Do not keep the shutter open, because the thermostatic
chamber is connected to the shutter.

devices are mounted in the pocket.
Temperature controller for the thermostatic chamber: A
temperature controller used for the thermostatic chamber.

@ Adsorptive gas dosing port (ads. 2)
This is used as a gas connection port by mounting a
liquid bottle and an accessory conversion connector.

Reset button for the elevator: The lifting operation stops
when the elevator is overloaded. In such a case, it is not
recovered automatically even after removing the load.
Press this reset switch to release the protection.

Flow gas sample cell connection port

This port is for connecting the flow gas line only
(when the optional “flow gas pretreatment line” is
selected).

-

/N Do not change the temperature setting for the
thermostatic air chamber temperature controller.

VAN Pay careful attention to prevent your finger from
being pinched while closing the pocket.

©@ Measurement port and saturation vapor
pressure measurement PO port
A small tube in the middle is the saturation vapor
pressure measurement PO port, and the other 3 tubes are
the measurement ports.
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@ Head cover
This cover offers thermal insulation to the manifold
temperature.

® Flow meter

The flow rate at the flow gas pretreatment can be
monitored (when the optional “flow gas pretreatment
line” is selected).

@0 Elevator hanger

Slide this to mount the temperature devices, such as
the Dewar vessel, water bath, heater, electric furnace, etc.
Be sure to slide it to the back limit, when mounting the
device.

000 Main unit-back side ooo

D Compressed air (gas) supply port

This is to operate the pneumatic valve for
changing the internal flow circuit.  Supply compressed
air or inert gas of 0.5 to 0.6 MPa (gauge pressure).

@ Helium gas supply port

Connect the helium gas line. Supply helium gas
of 0.1 MPa (gauge pressure).
Connector: 1/8” swage lock

® Adsorptive gas dosing port (Ads. 1)
Connect the adsorptive gas line. Supply
adsorptive gas of 0.1 MPa (gauge pressure).

Connector: 1/8” swage lock

@ Vent connection port

This exhaust port is to discharge the used gas in
the flow gas pretreatment. Connect a 1/8” tube, and
install the other end to a well-ventilated place.
Connector: 1/8” swage lock

| JITEN dangerous to perform the flow gas
pretreatment without the exhaust tube
connected to the vent port, since the used gas
is discharged. Be sure to install an exhaust
line to the vent port when performing the
flow gas pretreatment.

S

P17
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® Back door latch lock

Remove this door when performing the turbo
molecular pump maintenance. Turn the slot on the
clip screw (at 4 locations each) to the vertical direction
to remove the door. Turn the slot to the horizontal
direction to secure the door.

©® USB communication connection port

USB male connector. This is to connect to the
computer. Use a USB male (type A) and USB male
(type B) cable to connect to the computer.

® Pump hose hole
Connect the roughing vacuum pump to the turbo

molecular pump in the instrument with a hose by

passing it through this hole.

@V.P.AC

Connect the power cable to the rotary pump.

/\\ Be sure to connect the rotary pump power cable to
this AC outlet.
Do not connect any equipment except the pump.

22




@ Cooling fan

This fan cools inside the instrument. It is
interlocked with a power switch on the back of the
instrument.

@POWER switch
Turns on / off the power to the main unit and roughing

vacuum pomp.

Connection port of Temp. cntl.

D-sub 9-pin, female connector. This is to connect
to the optional temperature controller. Use a straight
cable with D-sub 9 pin, male and D-sub 9 pin, female to

connect to the temperature controller.

@@ Power inlet
Supply power to the main unit. Be sure to use the

accessory IEC power cable.
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000 Main unit-left side ooo

@ Solenoid valve access door
An access door for the solenoid valve to control

pneumatic valve and the internal cooling fan.

@ Gas supply port (Aux. 1 to 4)
Connect the dosing gas line. Supply the dosing
gas at pressure of 0.1 MPa (gauge pressure) (when the

optional “gas selector” is selected).

N In case of using corossive gas, use the specially
designed port V2 or V3.

@ Control section access door
Electric control parts are located in the door.

N some electric-charged parts are exposed inside the

door. Except an engineer from our company, do not
open this door. Otherwise, it may result in electric
shock.

000 Main unit-right side ooo

@ Fan filter cleaning door
A filter is located in the door.  This filter is for the
cooling-fan of turbo molecular pump. Check

periodically the filter and clean it up where applicable.
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. Optional: Gas selector

000 Main unit-inside ooo

O
Aux1, O—=—1X]

A
Aux2. D—-(.\—

Aux3.

Aux4.

‘Fg V14

|7
F9 V15

Ads. 1 Ads. 2
m]

Air Bath1(40°C)-TIC1
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W Flow meter
V12

PORTO PORTI1 PORT2 PORT3

@ V1itoVvi7?  :Valve
@ C,F

@ POto P4

@ P5

® TIC1

® Svi
@ TMP

: Flow rate adjustment needle valve
: Pressure sensor

: Vacuum gauge

: Manifold temperature controller

: Vent valve

: Turbo molecular pump

25
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@ Valve (Standard unit: V1 to 11)

V1to 11: pneumatic valves

V1 :To dose helium gas

V2 :Todose the Ads. 1 gas

V3 :To dose the Ads.2 gas or vapor

V4  :To exhaust the gas accumulator

V5 :To dose gas to the reference volume
(a large flow rate line)

V6 : To dose gas to the reference volume
(a small flow rate line)

V7 :To exhaust the reference volume

V8 : Avalve between the PO port and the reference
volume

V9 : Avalve between the measurement port 1 and
the reference volume

V10 : A valve between the measurement port 2 and
the reference volume

V11 : A valve between the measurement port 3 and

the reference volume

Valve (optional)
Flow gas pretreatment line
A pneumatic valve

V12 : To be used in the flow gas pretreatment

Gas selector
V13: Pneumatic valves, V14 to VV17: Solenoid valve
V13 : A valve between the gas selector and the
gas accumulator

V14 : To dose the Aux. 1 gas

V15 : To dose the Aux. 2 gas

V16 : To dose the Aux. 3 gas

V17 : To dose the Aux. 4 gas

/N In case of using corossive gas use the

specially designed port V2 or V3.

@ Flow rate adjustment needle valve (C, F)
C : For a large flow rate (pressure) control

F : For a small flow rate (pressure) control

@ Pressure sensor (PO to P4)

The following pressure gauges, with the indicated respective full scale, are installed to each port.

PO  :133kPa
To measure pressure at the saturation vapor
pressure measurement port (PO port)
P2  :133kPa
To measure pressure at the measurement port 2
P4 : 133 kPa, 1.33 kPa
To measure pressure in the reference volume
Accuracy: 133 kPa —  +0.25 % (full scale)
:1.33kPa  — 0.5 % (reading)
:0.0133 kPa — +0.15 % (reading)

P1  : 133k Pa (Optional: 1.33 kPa, 0.0133kPa)
To measure pressure at the measurement port 1
P3  :133kPa, 1.33 kPa, 0.0133 kPa

To measure pressure at the measurement port 3
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@ Vacuum gauge (P5)
Pirani gauge + cold cathode type pressure sensor

Measurement range: 5 x 107 Pa to atmospheric pressure

[ & Do not use the vacumue gauge at pressure of 0.1 Pa or more. ]

® Manifold temperature controller (TIC1)
Turn on the power switch on the back of the main unit, then the thermostatic manifold temperature is
controlled to be 40°C (Option 50 °C). The thermostatic manifold temperature is measured using a platinum

temperature detector.

® Vent valve (Svl)
Turn off the power switch on the back of the main unit, then this valve opens to vent the exhaust line to the

open air to prevent the pump oil from flowing back to the instrument when the rotary pump is in operation.

& Be sure to turn off the power switch and vent the exhaust line to the open air, before you shutdown the pump.
Otherwise, the pump oil may flow back to the main unit, which may cause failure.

@ Turbo molecular pump (TMP)
Attainable vacuum: 6.7 x 107 Pa or below (manufacturer’s specification)

It makes a high vacuum in the system.

~

/A Do not shut down power to the main unit while the turbo molecule pump is in operation, or for 10 minutes after it
stops. When power is removed during the operation, or immediately after the shutdown, the system pressure
rises rapidly up to atmospheric pressure. It may apply overload to the turbo molecule pump, which may cause
failure.

N When accumulated operation time of the turbo molecule pump exceeds 20,000 hours, a maintenance work is
prompted on the PC screen.  Please contact our company if you find this message.

k Accumulated operation time: 20,000 hours — Replace oil /

27
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000 Measurement temperature device 000

BELSORP-max has the measurement temperature devices as follow. Prepare the appropriate devices

according to the desired pretreatment and measurement.

1. Dewar vessel
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Dewar vessel

Volume: 2.6 L

Retention time: 60 hours
While sliding, install it to the elevator hanger

@ on the front of the main unit (P. 21).

/& The Dewar vessel is made of glass. Careful attention is required for the handling. \

N Do not drop the fitting into the Dewar vessel. It may cause a danger because the Dewar vessel glass is broken.

N When removing the Dewar vessel with the sample cell still installed, be sure to move down the Dewar vessel to the
bottom limit.

N When installing to the main unit, slide it to the back limit until it is engaged with the fixing latch.

N Do not use it as installed to different equipment (Our company shall not be liable for any accident or failure resulted

K from installing to different equipments. ). /
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2. Water bath (optional)

1. General
The water bath temperature is maintained constant by circulating water or oil etc. using a circulating system

(optional).  While sliding, install it to the elevator hanger @@ on the front of the main unit (P. 21).
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Two different types of water baths are available:

Open system: Temperature is controlled by circulating heat media between the circulating system and the

water bath.
Closed system: The water bath has a dual-layered structure. The heat media temperature in the inner

structure is controlled as to be constant by circulating heat media in the outer layer.

2. Specification

Temperature control method Temperature is controlled using a temperature controller in the water

bath.

Dimension and weight W280 x H240 x D270 mm, 6 kg

3. Detailed description

(@ Detachable thermostatic bath set hole
The accessory detachable thermostatic bath is

set using these holes.

@ Sample cell temperature control hole
When the water bath is lifted for installing to
the BELSORP-max main unit, the sample cell

enters to this hole.

@ Circulation hose connection port
Connect a hose from the circulation system

(Port size: $13 mm hose nipple).
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@ Thermometer fitting

Attach a platinum temperature detector or a
thermo couple to this fitting as required when
measuring the water bath temperature or
controlling temperature using an external sensor of
the circulation system. Loosen the screws on the
top of the electric furnace. Thermometer

sandwichwed by the upper clamp, and tighten these
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two screws.

4, Usage
1. Connect a hose from the circulation system to the circulation hose connection port @ on the water bath.

2. Circulate the temperature-controlled heat media until the temperature is stabilized.

3. For the vapor adsorption measurement, install a lig. bottle to the adsorptive gas dosing port (Ads. 2) @ on the
front of the instrument (P. 21), and mount the accessory detachable thermostatic bath according to the following

procedure.

How to mount the detachable thermostatic bath

Detachable thermostatic
bath

Insert the part @ of the Then, mount the part @ of the When it is complete, install the

detachable thermostatic bath to | detachable thermostatic bath. water bath to the instrument. When
the detachable thermostatic lifting the water bath, the detachable
bath set hole @ on the top of thermostatic bath opens the needle
the water bath. valve adjustment screw storage

shutter ® on the front of the main
unit (P. 21), and the detachable

thermostatic bath temperature is

controlled.
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/& When filling water to the bath, do not wet the instrument and the auxiliary equipments.  Otherwise, it many cause rust\
on the instrument or short circuit of the internal electric equipment.

N Connect firmly the hose from the circulation system.
When removing the Dewar vessel with the sample cell still installed, be sure to move down the Dewar vessel to the
bottom limit.

N When installing to the main unit, slide it to the back limit until it is engaged with the fixing latch.
When removing the detachable thermostatic bath with the sample cell still installed, be sure to prevent the sample cell

AN
k from being broken. /

3. Temperature controller

1. General
This is a control box to operate the 450 °C heater, 550 °C heater, and 1100 °C electric furnace for

BELSORP-max. Connect a communication cable to the Temp. cntl. computer port on the back of the
main unit (P. 22). Then the temperature setting can be adjusted from the controller and on the PC screen, and the

pretreatment and measurement at high temperature can be controlled automatically.

/& The heater and the peripheral equipment are hot while heating with the heater or immediately after the heating. Be care%
to protect yourself from being burned.
The sample cell after heating is hot. Be careful to protect yourself from being burned.

N Do not place any flammable material close to the heater while heating.

N Be sure to install the “heat protection cover” on the heater, which is supplied with temperature controller, during heating
and awhile after heating.

@ When heating up to high temperature using the 1100 °C electric furnace, be sure to use a quartz sample cell. /

2. Specification

Temperature control method | PID control using a temperature controller

Dimension and weight W145 x H200 x D300 mm, 4 kg
Power AC100 V to 120 V or AC200 to 240 V, 600 VA (when using 550 °C heater)
[& Use single phase, AC power according to the specifications of the temperature measurement device. ]
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3. Detailed description
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@ Temperature controller
This is used to display the current temperature and change the temperature setting. The temperature setting

can be adjusted also from the PC screen.
In the case of overshoot is big, peform autotuning according to P. 34.

Default value of P : 5, Default value of I: 120, Default value of D : 20

@ Overheat indicator
In case of overheat of the temperature controller, the overheat protection works to turn off heater
automatically. In such a case, this LED lights up.  The overheat protection works at the following
temperature.
When using the 450 °C heater: 500 °C
When using the 550 °C heater: 600 °C
When using the 1100 °C electric furnace: 1150 °C
(When the overheat protection works, remove the cause and then supply power again to recover. In case the

cause cannot be clarified, contact our company. )

@ Heater switch
This is a momentary type push button. Press this switch to start heating up to the temperature setting.

This switch lights up while heating.  Turning on/off heating can be controlled also from the PC screen.

@ Power switch
This is used to turn on/off the temperature controller.

®Power indicator

This indicates power supply to the temperature controller. It is interlocked with the power switch on the

back of the temperature controller.
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® 4-pin female connector (for electric furnace rapid cooling fan)
Connect a 4-pin male connector from the 1100 °C electric furnace (It is not used except with the 1100 °C

electric furnace.).

@ 10-pin female connector (for heater, electric furnace, thermocouple for temperature
control, thermocouple for overheat prevention)

Connect the cable from the relevant temperature device.

Fuse
The fuse capacity is 10 A.
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& When a fuse blows out, remove the cause and replace the fuse. When recovering without removing the cause, it may
result in short circuit.
& Turn off the power switch before replacing a fuse.

®@ Temp. cntl. connection port
D-sub 9-pin, male connector. Connect it to the optional temperature controller. Use a straight cable with

D-sub 9-pin, male and D-sub 9-pin, female to connect to the main unit.

Power cable connection port
Connect a power cable of 110 /220 V (Do not use wrong power supply.).

4. Usage
1. Verify that the power switch @ on the front of the temperature device controller is off, and connect power

using the accessory power cable.

2. Connect a 10-pin male connector from the temperature device to the 10-pin, female connector @ on the back
of the temperature controller. When using the 1100 °C electric furnace, connect a 4-pin male connector to the 4-pin,

female connector for the fan ® on the back of a temperature controller.

3. Use the supplied straight cable with D-sub 9pin, male and D-sub 9-pin, female to connect to the Temp. cntl.

connection port on the back of the temperature controller and the back of the main unit, respectively.

4. Turn on the temperature controller after connecting as described above. Then, the temperature setting can
be performed on the PC. For the pretreatment, specify the parameters appropriately according to “ooo Pretreatment
000, P. 122”. For the measurement, set the relevant parameters appropriately according to “ooo Setting the

measurement parameter 0oo, P. 128”.
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Parts and function of Temperature controller

Control output 1 lamp @\@\SV lamp/® Indicator

Control output 2 lamp @

Alarm output 1lamp @—

=
A
=
N
8

H2.0.0.8

/@ Auto tuning /
self tuning lamp

Alarm output 2 lamp @

i

= EEEI A

/

'i.

@ng]Key % ~I~1Key

(D Control output 1 lamp
It lights up when Control output 1 is ON.

(2 Control output 2 lamp
It lights up when Control output 1 is ON.

() Alarm output 1 lamp
It lights up when Alarm output 1 is in operation.
Also, it flashes on and off when ON delay is in
operation.

() Alarm output 2 lamp
It lights up when Alarm output 2 is in operation.
Also, it flashes on and off when ON delay is in

operation.

() Indicator
PV (measured value) or SV (Set value) is
displayed. However, parameter name or
parameter value is displayed during parameter
setting.

© [SEL] key

It is used for switching between PV and SV,
selection of parameter block, parameter selection
and parameter confirmation.

@ (z key
It is used for changing SV, loading parameter and
changing parameter.

Auto tuning / self tuning lamp
It flashes on and off during auto tuning or self
tuning.

© sViamp
PV (measured value) is displayed normally (when

it is not on).  Pressing key lights on SV and
display SV (setting value). But it is off when
displaying parameter or data.

It flashes on and off when the indicator displays
PV(measured value) during standby.
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1. How to set

Change set point

B When current temperature is displayed, if key is pressed SV lamp will lights up and set temperature
will be displayed on the indicator. At this point, set temperature can be altered.

B Alter set point using and .

B A new set point will be saved automatically approx. 3 seconds after changing, and the display will go back to
indicate the current temperature.
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G Do not set the temperature over max. temperature of the each devices (450 °C heater : 450 °C, 500 °C

heater : 500 °C, 1100 °C electric furnace : 1100 °C). It is very dangerous to unlock the protection and set

a temperature over the max. temperature.

Parameter change

Keep pressing key for about 1 sec, 3 sec or 5 sec transfers to 1%, 2™ or 3™ block parameter relatively.

|
B Display desired parameter using and .
B Pressing @ displays set value.
B Alter set value using and .
M Save a new set value by pressing .
Parameter setting
After power on ik .
ashed on an
{SV} (PV) off if you alter the
‘T F e setting by SA[A] —t
| i Then, itstops :
| Eﬁ:—_r: E"‘:Tv Tiphing: o
L B )
Display the settmgl
PV(measued value) [SEL
SV(set value) SEL EL SEL P — S '
(For about 1 sedond)  (For about 3 8econds)  (For allout 5 seconds) — L {

SEL|

v {ON, ..... Displays PV. | ,"b3| l ﬂ |P'n l‘l Savethesetting‘l@

OFf"'-Displayssv. [vll IE{SJ [El l Fl IE

Switch by [SEL] r L ﬂﬂ 'r"a_dl Iﬂ L/lrE [

1st block parameter 2nd block parameter 3rd block parameter

It return to display PV if no operated for 30 seconds.
After parameter setting, pressing [SEL] key for 2 seconds returns to display SV.
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2. Parameters setting

Parameter
display Parameter Description Setting range and default value About set value
symbol
1% block parameter
or Auto tuning Used when P,1,D constant is set | 0: Stop Set to 1 or 2 when
o by auto tuning. 1: Standard AT Start auto  tuning s
2: Low PV type AT start performgd. It is
automatically
changed to O after
auto tuning.
L o L' Key lock Parameter setting: able to alter/ | 0,3: not locked (0: unlock) Default value: 0
unable to alter 1,4: not able to alter
2,5: able to alter only SV
2" block parameter
P Proportional zone ON/OFF control 0.0 ~999.9% Default value: 5
Set to 0.0 for 2 position control
L' Integration time 0 ~ 3200 sec Default value: 120
D’ Differentiation time 0.0 ~999.9 sec Default value: 20
3 block parameter
L'I'EP { Parameter skip Display/ not display setting 0~ 255
!
(C 0
d5P8
dP il
!
(3
D’ P (]

3. Parameters

Al

This is used for determining P, I, D parameters for temperature control automatically.

Auto tuning (setting range: 0/1/2)

determined according to set point.
If the power is switched OFF during auto tuning, auto tuning become of no use and P, I, D parameters does not

change.

If you want to restart set to 1 or 2 again.

Parameter is

If you want to abort auto tuning, set to 0. Auto tuning will stop. P, I, D parameters does not change.

Once P, I, D are set by auto tuning, it is no lot necessary to perform auto tuning ant more.
saved on the unit even if the power is OFF.

If you set 1 or 2 auto tuning starts, and the value becomes 0 automatically after auto tuning is complete.
The first decimal point of SV indicator flashes on and off during auto tuning.

There are following types of auto tuning: Set code [1]: SV normal mode (ON/OFF control with SV as a
standard), Set code [2]: Low PV mode (ON/OFF control with SV-10 %FS as a standard).

[Note] since ON/OFF control is in operation during auto tuning overshoot against SV occurs.

low PV mode auto tuning (Set code [2]) if you want to avoid overshoot.

Auto tuning can be performed right after operation started, during control or during stable state.

The parameters are

Please perform
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4. Heater (450 °C Heater, 550 °C Heater

1. General

This heater is installed to BELSORP-max, and used to control the sample section temperature.

It enables the

vacuum pretreatment and the adsorption measurement at high temperature.

2. Specification

Specification

450 °C (Aluminum block)

550 °C (Brass block)

Number of ports

4 (including P0)

Error between ports +0.4°C +0.5°C
Temperature range 50 to 450 °C 50 to 550 °C
Overheat detection

500 °C 600 °C
temperature
Temperature stability | +0.2 °C +0.5°C

Dimension and

weight

W280 x H300 x D270 mm, 6 kg

W280 x H300 x D270 mm, 9 kg

Power voltage

AC100 t0120 V or AC200 to240V, 360 VA

AC100 to 120V or AC200 to 240V, 600 VA

3. Detailed description

@D Heater

4 holes for samples and saturation vapor pressure
measurement are provided on the heater. When
lifting up the heater for installing to
BELSORP-max, the sample cell and the saturation
vapor pressure cell are inserted in these holes. Align
the sample cell with the hole by loosening the

"heater alignment screw @" before lifting up the

heater.

[& Do not drop any material into the holes. ]

@ Heater alignment screw

This is used to align the sample cell installed to the unit with the holes. Loosen the 3 screws to align

in any direction with the holes. Alignment with the holes shall be made according to "Heater

alignment” on the next page.

heater holes. Be sure to align before use.

[& The sample cell or the saturation vapor pressure cell may be broken when lifting up the heater if misaligned with th(j
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® Heater control cable

Connect it to the temperature controller.

[& Prevent the cable from contacting heated parts while heating. If melted, it may cause short circuit. ]

4. Usage
1. Connect the heater control cable @ to the 10-pin female connector G)on the back of the temperature

controller.

2. Slide and install it to the elevator hanger on the front of the main unit.

@ When removing the heater with the sample cell still installed, be sure to move the heater down to the bottom limit. \

When installing to the main unit, slide it to the back limit until it is engaged with the fixing latch.
Do not use it with other equipment. (Our company shall not be liable for any trouble.)

& The heater and the peripheral equipment are hot while heating with the heater or immediately after the heating. Be careful
to protect yourself from being burned.
The sample cell after heating is hot. Be careful to protect yourself from being burned.

& Do not place any flammable material close to the heater while heating.
Be sure to install the “heat protection cover” on the heater, which is supplied with the temperature controller during

kheating and awhile after heating. /

5. Heater alignment
Align the BELSORP-max sample cell with the heater holes as follows.

N i misaligned, the sample cell may be broken when lifting up the heater. Be sure to align before use. Turn off the heater, and
verify that it has been cooled down to room temperature before starting the alignment work.

1. Install a specially designed sample cell to BELSORP-max.

2. Loosen the heater alignment screw .

3. Lift up the heater step-by-step using the lifting button on the BELSORP-max main unit. Align the heater so that the
sample cell and the PO cell are inserted to the center of the holes. Once aligned, tighten the heater adjustment screw to
fix the heater. (For use of the lifting button, refer to “Nomenclature and function of individual components, P. 21" in
this manual.)

4. Lift down the heater, and tighten the heater alignment screw @) to fix the heater position.

5. Lift up the heater step-by-step, and verify again that the sample cell and the PO cell are inserted to the holes. The

alignment is now complete.
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5. 1100°C electric furnace

1. General
This heater is installed to BELSORP-max, and used to control the sample section temperature. This enables the

vacuum pretreatment / flow gas pretreatment and the adsorption measurement at a high temperature up to 1100°C.

2. Specification

Number of ports 1

Temperature range 50 to 1100°C

Temperature stability +0.5°C

Overheat detection temperature 1150°C

Dimension and weight W280 x H300 x D270 mm, 6 kg
Power voltage AC100V to 120V or AC200 to 240V, 330VA

3. Detailed description

@ Electric furnace
The electric furnace has a hole to accommodate the sample cell. When lifting it up for installing to
BELSORP-max, the sample cell installed to Port 3 is inserted to the hole. Align the sample cell with the hole by

loosening the “heater alignment screw” before lifting it up.

[& When using the electric furnace, do not install the sample cell to Port 1 and 2 or a saturation vapor pressure cell. ]

@ Electric furnace alignment screw
This is used to align the sample cell installed to the unit with the holes. Loosen the 4 screws to align

in any direction with the holes.

[& The sample cell may be broken when lifting up the electric furnace if misaligned with the holes. Be sure to align before use. ]
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®@ Electric furnace control cable, @ Rapid cooling fan control cable
Connect to the 10-pin, female connector @ and 4-pin, female connector ® (for rapid cooling fan) on the

back of the temperature controller, respectively (P. 31).

[& Prevent the cable from contacting hot parts while heating.  If melted, it may cause short circuit. ]

® Upper fan

This fan is installed to the electric furnace for releasing heat from the heating port while heating. Connect the

electric furnace control cable @), and turn on the temperature controller. This starts automatic operation.

® Rapid cooling fan

A fan is equipped inside. Connect the electric furnace control cable @ and the rapid cooling fan control
cable @. When the electric furnace temperature exceeds 1150 °C, the system turns off the electric furnace and
starts the rapid cooling fan. When setting FAN as ON on the software “Vacuum/flow gas sequential pretreatment”

screen, this rapid cooling fan starts (For the above mentioned pretreatment, refer to P. 122).

@ Control thermometer connector (male)

For internal temperature control (temperature control using a thermometer in the electric furnace), connect this
to the internal temperature control thermometer connector (female) on the electric furnace. For external
temperature control (temperature control using a thermometer that is inserted to the accessory flow gas sample cell
thermometer sheath), connect this to the accessory external temperature control thermometer connector (female).

It is recommended to use the external temperature control for more accurate temperature control of the sample
section. When using the internal temperature control, calibrate the internal temperature by measuring the sample

section temperature using another thermometer.

Internal temperature control thermometer connector (female)

Connect the control thermometer connector (male) @ when using the internal temperature control.

Do not connect anything to this connector when using the external temperature control.

4, Usage
1. Connect the electric furnace control cable @ and the rapid cooling fan control cable @ to the 10-pin, female

connector (@ and 4-pin female connector & on the back of the temperature controller (P. 31), respectively.

2. While sliding, install it to the elevator hanger @ on the front of the main unit (P. 21).

& When removing the electric furnace with the sample cell still installed, be sure to move the electric furnace dom
the bottom limit.

& When installing to the main unit, slide it to the back limit until it is engaged with the fixing latch.

& Do not use it with other equipment (Our company shall not be liable for any trouble.).

& The electric furnace and the peripheral equipment are hot while heating with the electric furnace or immediately
after the heating. Be careful to protect yourself from being burned.

& The sample cell after heating is hot. Be careful to protect yourself from being burned.
Do not place any flammable material close to the electric while heating.
Be sure to install the “heat protection cover” on the electric furnace while heating, which is supplied with the
temperature controller.
Be sure to use quartz sample cell when heating up to high temperature with the electric furnace. /
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According to the control method used, connect the relevant connector as follows.

|F0r internal temperature control|

Connect the control thermometer connector (male)
@ to the internal temperature control thermometer

connector (female) as shown on the right.
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[For external temperature control]

Connect the external Insert the thermometer to the Install the flow gas sample
temperature control thermometer | flow gas sample cell thermometer | cell to the main unit.  For
connector (female), an accessory | sheath (Bend the thermometer at an | installation, refer to “How to
of the 1100 °C electric furnace, to | angle of 90 degrees as appropriate.). install the flow gas sample cell

the control  thermometer (optional), P.59”.

connector (male) @.

1.
2.
3.

Electric furnace alignment
Align the BELSORP-max sample cell or the flow gas sample cell with the electric furnace as follows.

& If misaligned, the sample cell may be broken when lifting up the heater. Be sure to align before use. Turn off the heater
power, and verify that it has been cooled down to room temperature before starting the alignment work.

Install the sample cell or a flow gas sample cell to the BELSORP-max, Port 3.
Loosen the electric furnace alignment screw on the top of the electric furnace.
Lift up the electric furnace step-by-step using the lifting button on the BELSORP-max main unit. ~Align the

electric furnace so that the sample cell is inserted to the center of the holes. Once aligned, tighten the electric

41



furnace adjustment screw to fix the electric furnace (For use of the lifting button, refer to “Nomenclature and
function of individual components, P.21” in this manual. ).

4. Lift down the electric furnace, and tighten the electric furnace alignment screw to fix the electric furnace
position.

5. Lift up the electric furnace step-by-step, and verify again that the sample cell or the flow gas sample cell is

inserted to the holes.  The alignment is now complete.
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000 Manual-switching gas selector (Option) 000

1. General w

(¢]

This instrument is an accessory to switch the gas introduced into BELSORP-max by manual operations of the =5

@

valves. =)

D

@

w

c

2. Specification =

S

Available gas Ny, Ar, Kr, H,, CO, O,, CH,, other non-corrosive gas o

w

Material of joint SUS, brass g

Gas port 4 atinlet, 1 at outlet (joint: 1/8” SWG) =3

D

Pressure 0.1 MPa (G) @
Dimension W240xH240xD240 mm (except the projection of the valve)

3. Detailed description

@switching valves (V1 to V4)
Gas supply to the tubes connected with Gas 1 to Gas 4 is started/stopped by these manual-switching valves.

®@Gas switching valve (V5)

Gas supplied to BELSORP-max is selected by this rotary-type manual-switching valve.

@Gas inlets (Gas 1 to Gas 4)

Gas is supplied from here to the main unit.

@Gas outlet (OUT)

The gas supplied to the main unit is exhaust from this outlet.
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4, Usage

1. How to connect the tube
(DClose the switching valves on the front panel (V1 to V4).  The valves are closed by bringing down the

cocks.
(@Connect the gas outlet (OUT) on the side panel with Aux. 1 to Aux. 4 and Ads. of BELSORP-max.

(@Connect the gas to be used with the gas inlets (Gas 1 to Gas 4) on the side panel.

[& Adjust the secondary pressure of the gas cylinder to 0.1+0.01 MPa (1kg cm™). ]
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2. Washing the gas line

(DOpen a switching valve (one of V1 to V4), and turn the gas switching valve (V5) to the line to be washed.

@Select a line, and wash the gas line as referring to “Installing and replacing gas cylinders, P. 83”.

3. How to switch gas

(DClose the switching valve which has been used (one of V1 to V4).

@A referring to “Installing and replacing gas cylinders, P. 83”, wash the gas line up to the switching valve (one
of V1to V4).

@ Turn the gas switching valve (V5) to the line to be used.

@Open the switching valve of that line (one of V1 to V4), and wash the gas line as referring to “Installing and

replacing gas cylinders, P. 83”.

[& To avoid gas from blending, be sure to wash the gas line before switching gas. ]
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000 System configuration 000

1000 torr sensor

10 torr sensor
Vacuum gauge
0.1 torr sensor valve
B I e e I
i « THP O_peratlon [ error
| Signal
| T
|
: Analog input Degital output Degital input
| @ Personal computer
|
1
Termostatic ' |@ BELSORP-max control CPU
1
1
air chamber 1
| RS-485 UsB
| |
\ .
1 Control IS|gnaI Temperature controller
1 A
[Temperature controller Input
I
I [JElevator system
® Heating unit :<—| CPU
: Output H
: @ Elevator system switch
1 ® Elevator system position sensor
I
1

BELSORP-max main

@ Personal computer
It use specialized measurement software for
thefolowing controls. It communicates with the main
unit via USB.

@ Elevator system switch

It consists of the |I| (lift-up) switch and E
(lift-down) switch. For details, refer to “ooo0 Main
unit-front ooo, P. 21”.

- Operating and closeing valve
- Reading pressure in the system
- Operating the vacuume gauge

® Elevator system position sensor
This detects that the elevator has moved down to
the bottom limit.

- Operating the turbo molecular pomp
- Operating the elevator
Reading temperature of the thermostatic air snd
temperature device
- Operating the temperature controller

@ BELSORP-max control CPU
This is a computer built in main unit. It recives signals
from the personal computer to control various functions.

@ Elevetor system CPU
This is a computer bilut in main unit. It recives from
the lifting switch on the front of main unit and the personal

computer to control the elevator.

® Heating unit

This unit located in the thermostatic manifold
temperature. It integrates a fan and heater, and
controls automatically the thermostatic aie chamber
temperature to be 40 °C (Option 50 °C), when the

main unit switch is turned on.
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& Caution

S Do not use a pump with a maximum operating current of more than 7A.

Do not turn off power to the pump with the main unit switch turned on. Otherwise, oil may flow back to the

instrument, which may contaminate inside the unit.

The Dewar vessel or the temperature unit moves up and down during the sample measurement. Do not place your
fingers or any materials on the Dewar vessel or the temperature unit. It may cause bodily injury and/or instrument
failure.

Do not press the lifting switch during the sample measurement using refrigerant. When lifting the Dewar vessel
out of necessity during the sample measurement, careful attention is required as follows.

When lifting down the Dewar vessel, it returns from the refrigerant temperature to room temperature. At this
moment, the nitrogen or argon that is adsorbed or condensed to the sample section or at the saturation vapor pressure
PO port may evaporate, and generate higher pressure than atmospheric pressure. This may cause an error of the
measurement data, but also result in damage to the instrument since it raises pressure in the glass tube, and detaches
it from the instrument connection port over time. This measurement software stops forcedly the sample
measurement and degasses the system automatically, when the measurement port pressure exceeds 130 kPa.

& Prior to measurement, install the heat insulation cap after removing the ice or water adhering to it.
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000 BELSORP-max package items and other requisites 000

1. BELSORP-max package items

Standard BELSORP-max includes the main unit and accessories as follows.

accessories are provided.

Main unit or accessories Quantity
- BELSORP-max main unit 1
Ads. 2 conversion connector
onnect to the “adsorptive gas dosing port !
ORN(e he “adsorpti dosi 1
(Ads. 2) ” on the front of the unit).
® | Power cable 1
@ | Communication cable (USB cable) 1
@ | Rotary pump” 1
® | NW16 flexible tube” 1
® | Nw16 clamp” 2
@ | NWI6 centering” 2
Dewar vessel 1
©) Dewar vessel heat insulation lid 1
Sample cell heat insulation sleeve
_ 6
(to be used when using the Dewar vessel)
PO cell heat insulation sleeve
@ 1
(to be used when using the Dewar vessel)
PO cell 1
@ | o-ring 2
Securing screw 1
@ | POportcap 1
Sample cell weighing stand
(to be used as the sample cell holder on a
_ E
balance pan when measuring the sample
weight)
@ | Sample cell stand 1
Reference sample (0.2 g)
(non-porous carbon black : 1
Ager =49.17 +1.5m? g%, P/ Py:0.04-0.15) |

*: Different depending on the pump specification
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If you find any items missing or damaged, please contact our company.

B®NW16 flexible tube

®Dewar vessel

A0Sample cell heat
insulation sleeve

®

sample cell
weighting stand

@®sample cell
weighting stand

Please verify that the complete

Sample cell
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@®NW16 clamp (7)NW16 centering

(@Dewar vessel heat
insulation lid

PO port cap

stand |

PO cell (right)
o-ring (upper left)
Securing screw

(lower left)
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Accessories 5 uantit
: Q y @Port plug

@ | Portplug L4
Sample cell (Pyrex) (Op. silica) ; 9
Glass rod (Pyrex) (Op. silica) ; 6
@ | Sampling funnel 3
@ | Lig. bottle (Pyrex) b1
@ | Dewar vessel b1
@ | FKM O-ring (Op. FFKM) ; 6 foririe
@ | Sample scattering prevention filter ; 6 @Sample cell
® | Sample cell cap v 10
@ Instruction manual (this manual) 1
@ | Analysis software manual 1
® Instruction manual-Supplement E 1

(Measurement example) E
@ | Setup CD ! 1

] ' @9Glass rod

Config CD ;
® (Instrument  specific data is stored,i 1

including the reference volume. Keep this:

carefully. ) !

WIBU-key
® | (foranalysis software to recognize effectivei 1

software) !

@Sampling funnel

@Sample scattering
@P9 o-ring prevention filter (P-9)

@Dewar vessel

®|nstruction manual @Analysis software @ Instruction manual-

manual Supplement ,

@WIBU-key
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2. Optional equipment

The following options are available separately from the standard package.

Accessories

Sample cell (silica)

Glass rod (silica)

Flow gas sample cell (Pyrex or silica)

@silica glass wool

Silica glass wool

@Flow gas sample cell

Small volume sample cell™

Glass rod for small volume sample cell ™
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Large volume sample cell™

@ Q@0 ® 0 o

Glass rod for large volume sample cell ™

Pellet sample cell™

®|©

Glass rod for pellet sample cell

®small volume sample cell ~ @Large volume sample cell
®Glass rod for small volume ~ ®Glass rod for large volume

Quick seal ™

sample cell sample cell

Glass rod for quick seal

®|e|e

NSD capusle™

NSD capusel sample cell

*1 Standard glass rods cannot be used.

*2 Standard sample cell cannot be used.

@Quick seal

(2Glass rod for quick seal / \
Silica glass devices are marked with a white

@NSD capusel

ADNSD capusel sample cell

@Pellet sample cell Dsample cell (silica)
Glass rod for pellet @Glass rod (silica)
sample cell

line as shown below for identification.
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MUsage of NSD capsule
1. Blank weight measurement — 2. Sample packing — 3. Pretreatment start
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NSD capsule A dedicated Take upper glass Sample packing Set it in the sample cell.
sample cellanda  Wool out.
glass rod
(Pay attention to
direction.)

Measure the blank weight with silica wool inside. To pack the sample, stand the NSD capsule with a dent side

down, place the sample on the silica wool in the NSD capsule as shown above, and insert upper silica wool that was

taken out.  Place the NSD capsule in which the sample is packed in the sample cell for NSD capsule, put a glass rod.

Water bath

Accessories Quantity
Water bath 1
Detachable thermostatic bath 1

Temperature controller

Accessories Quantity
Temperature controller 1
Power cable 1
Communication cable 1
(D-sub 9 pin straight cable) Temperature controller
Heater protection cover
(to be installed on the top of the heater when 1

using the heater)

Communication
Heater protection cover cable
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450 °C heater

Accessories ' Quantity w
: =
450 °C heater | o
. -
@D
=
@D
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w
550 °C heater =
Accessories 5 uantit =
5 Quantity 450 °C heater, 550 °C heater i
550 °C heater bl R
' 3
(o]
@D
w
1100 °C electric furnace
Accessories ' Quantity
1100 °C electric furnace ! 1
External temperature control thermometer 1
1100 °C electric furnace External temperature
control thermometer
Diaphragm pump
: e
Accessories ' Quantity g
Diaphragm pump 1
Diaphragm pump
The diaphragm pump is equipped with a voltage switch. \

Switch voltage in accordance with the place of use before using the pump.
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Corrosion resistant diaphragm pump

Accessories Quantity
Corrosion resistant diaphragm pump 1
Flexible tube 1
Flexible tube connection clamp 2
Flexible tube connection centering 2
Corrosion resistant rotary pump
Accessories Quantity
Corrosion resistant rotary pump 1
Flexible tube 1
Flexible tube connection clamp 2
Flexible tube connection centering 2
Corrosion resistant gas selector
Accesories Quantity
Gas selector unit 1
Earthquake resistant stopper 1
Magnetic sheet 4
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3. Utility and other requisites

BELSORP-max requires the following utilities. Provide them appropriately according to the following

“Requirements”.  Personal computers are also available from our company.
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Requisites Requirements
Personal computer i Refer to “System environment required, P. 75”.
Dosing gas ' Purity . Use the products of purity 99.999 % or more
Pressure : 0.1 MPa (gauge pressure)
! Connection : 1/8” Swage lock
Helium gas ! Purity . Use the products of 99.999 % or more
To be provided
' Pressure : 0.1 MPa (gauge pressure)
by the customer : )
i Connection  : 1/8” Swage lock
Air and gas Pressure : 0.510 0.6 MPa (gauge pressure)
to drive pneumatic valves ! Connection : 1/4” plastics tube quick connect
Vent line ! Connection : 1/8” Swage lock
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[—— . Part packaged as an accessory of BELSORP-max or its options

W
gh =smmmmmnn :Partneeding to be prepared separately
o (Such parts are not included in the accessories of BELSORP-max and its options.  You need to
CBD prepare them or request us to prepare them. )
<)
w
c
=
>
o .
" {ptlon: four ports \ -
s BEL,
3 Gas selector @
©
C? "4 - .IIIIIIIIIIIIIIIIIIIIIIII-.-
[%2) - .
2 Gas inlet =
(& g m ¥ :
= (Only using conversion conector) .
: : : : \JE -’IIIIIIIIIIIIIIIIIIIIIIIII:
= = = =]1/8”tube - |
PR B R o b o B l‘-. | ﬂ
. Inlet gas -
E — Lk

sssssmmmnnn’ / — ]
1/8” tube

Main unit-front

1/4” plastic tube

Option
‘IIIIIIIIIIIII-‘
v E Supply air and to drive = Temperature Temperature
| ; E : 1, = pneumatic valves a controller Device
: [ ] : ‘.IIIIIIIIIIIIII. I
= = 51/8”tube RS-232C
™ : sEEEEEEEEy
- a a
s osIsupply g »
. = = Helium gas = Personal computer
: : EaEEEEEEEBR AN
TR ¥ ¥ 'ﬁ?)
= "1/8” tube <
n .‘IIIIIIIIIII.. L L] s
= aSupplyinletgas = ——
" Vppsssssmmmmn? B
a ——F— ([ Power cable
" —— o
= 1/4” plastic tube — | ——
.‘ EEnR E]I - nw ~
a
a\Vent .
- Vacuume pump
Vacuume tube

Main unit-back
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000 Installation procedure ooo

1. Connection with auxiliary equipment

l. Place the BELSORP-max main unit on a horizontal place, and verify that it seats stably.

2. Remove the access door on the back of the instrument. Turn the slot on the latch lock (at 4 locations) to the

vertical direction using a flat head driver. The lock is then released. Pull out the door to remove.
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3. Attach the flexible tube to the turbo molecular pump located deep on the back of the unit.  Insert the accessory
“flexible tube connection centering (NW16)” between the “flexible tube” and the turbo molecular pump
connection port, and fix it using the “flexible tube connection clamp (NW16)”. Lastly, firmly tighten the screw

on the clamp.

4. Replace the access door in place, which was removed in 2. Inthis step, lead the “flexible tube” out of the

instrument through the hole on the access door.

5. Connect the other end of flexible tube to the rotary pump suction port.

& Oil mist is discharged from the pump exhaust port.  Process it appropriately.

@ Do not connect any pump with voltage except those specified on the nameplate on the back of the instrument.

6. Connect the rotary pump power plug to the AC outlet on the back of the main unit.
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7. Install an exhaust line to the vent port.
The main unit connection port uses a 1/4” plastics tube quick connect only when the optional flow gas

pretreatment line is selected.

0 It is dangerous to perform flow gas pretreatment without an exhaust line attached to the vent port, since used gas is
discharged. When performing the flow gas pretreatment, be sure to attach an exhaust line to the vent port.

8. Connect a gas line of the adsorptive gas (0.1 Mpa (gauge pressure)). The main unit connection port uses a 1/8”

Swage lock.

9. Connect a gas line of helium gas (0.1 MPa (gauge pressure)). The main unit connection port uses a 1/8” Swage

lock.

10 Supply air and gas (to drive pneumatic valves, 0.5 to 0.6 MPa). The main unit connection port uses a 1/4”

plastics tube quickly connect.

11 Use a USB cable to connect the USB connector on the personal computer to the connector (type-B,

female) on the main unit.

12 Connect the power source specified on the nameplate on the back of the main unit.
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2. How to connect the gas line to the

l. When supplying gas from the Ads.2 port on the front of the main unit, connect the relevant gas line as follows.

‘adsorptive gas dosing port (Ads.2)”
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Connect the gas line of adsorptive
gas (0.1 MPa gauge pressure) to
the “Ads. 2 conversio connector”

provided.

Attach an o-ring to the “Ads. 2
conversion connector”, and insert it
to the “adsorptive gas dosing port
(ads. 2)” until it contacts a metal part

on the back.

Tighten a nut on the “Ads. 2
conversion connector” by hand.

Connection is now complete.

3. How to connect the gas line to the “gas selector (optional)”

Connect a gas line of the dosing gas (0.1 MPa (gauge pressure)).

4. How toinstall the sample cells and lig. bottles

= Use the same type of sample cells, dead volume reference cells,

and glass rods.

= For sample measurement, insert a glass rod both to the sample
cell and the dead volume reference cell.
slowly along the glass wall so that the glass tube is not broken.

= Before using sample cells, glass rods, and a lig. bottle ; wash

and dry them sufficiently.

= Store them in a desiccator after washing.

Slide down the glass rod

& The sample cells and the lig. bottles are made of glass. Careful

attention is required for the handling.
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1.

2.

3.

4.

Insert a glass rod to both the sample cell and the dead volume reference cell (when measuring the dead volume).

Install the sample cell after removing a fitting and o-ring from it. When the sample cell is installed with the
fitting still attached, it may deform the o-ring, and accordingly it may result in vacuum leakage. When
removing the sample cell from the instrument, Viton o-ring may remain inside the connection port of the

instrument.  \erity that there is Viton o-ring remaining inside the connection port.

& Do not drop any fitting into the Dewar vessel. It may be dangerous ) .
Viton o-ring 6

- Sleeve 5

Sample cell securing nut
Attach the heat insulation sleeve to the sample cell as shown on the right. 4

because the Dewar vessel glass will break. <

N

Sample cell

y

Attach the sample cell securing-nut. Do not use upside down.

& Do not use a heat insulation sleeve when using a heater for pretreatment Heat insulation sleeve

or measurement.  Otherwise, it may cause a fire. 3

. Attach the sleeve. Do not use upside down.

. Attach Viton o-ring. The measurement section is sealed with this o-ring pressed on the sample cell and the

measurement ports. When the o-ring is damaged, or any foreign material is pressed with the o-ring, air may
flow in the measurement section. This may affect data accuracy. Be sure that no foreign material is contained.

Replace the damaged o-ring, if any, with a new one.
Insert the filter from the top of the sample cell. 7 Filter

Hold the sample cell firmly, and insert it to the sample port until it contacts the metal wall in
Nh——~

the fitting.  Tighten the sample cell securing-nut by hand.

Slide the heat insulation tube halfway down the sample cell. The lig. bottle is installed in

the same way as the sample cell, but no heat insulation sleeve (3.), filter (7.) are

required in this case.
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5. How to install the flow gas sample cell (optional)

l. There are 2 connection ports for installing the flow gas sample cell. Prior to installing the sample cell, align the

connection port with the sample cell as follows.
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Loosen a nut on the flow gas Place a flow gas sample cell from the | After aligning the flow gas
pretreatment line (optional) on the | bottom, and align the flow gas pretreatment line, tighten the nut to
front of the main unit, so that the pretreatment line with it. fix the flow gas pretreatment line

flow gas pretreatment line can be position. Alignment is now

moved. complete.

[& The flow gas sample cell is made of glass. Careful attention is required for the handling. }

2. Attach the sample cell securing-nut, sleeve, and o-ring to the flow gas sample cell according to “ How to install

the sample cells and lig. bottles on P. 57”.

6. Sampling procedure when using a flow gas sample cell

When using a flow gas sample cell, use the silica glass wool, an accessory of the flow gas pretreatment line
(optional) to perform the following sampling procedure.
1. Prepare two appropriate sized balls of silica glass wool (standard: 0.01 to 0.02
)R
2. Insert them and a glass rod in the flow gas sample cell as shown in the photo on

the right (Measure the blank weight at this time). Silica glass wool

3. Remove the silica glass wool (D and a glass rod, and feed a sample on the

silica glass wool (@ using a funnel.
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4. Replace the silica glass wool and a glass rod (D (Measure the sample weight at this time).
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& When using silica glass wool, careful attention is required for the handling as follows. \
When handling the glass wool, take appropriate measures for local exhausting because dust is easily scattered.

Use a dust mask.

Do not handle it with bare hands.

When the wool adheres to your clothing, remove it completely.

K After handling, gargle and wash your hands sufficiently. j

(. How to install the pellet sample cell (optional

Install the pellet sample cell as follows.

Remove the port to be installed | Place the 4VCR gasket on the 4VCR Insert the glass rod for the pellet

using two wrenchs, and remove | at the upper part of the pellet sample sample cell into the sample section of
the 4VCR gasket. cell, and install it to the instrument. the pellet sample cell, install it to the
instrument, and secure it with a spring.

Installation is now complete.
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8. How to install/remove the Dewar vessel. temperature measurement device

@T he Dewar vessel is made of glass. Careful attention is required for the handling. \

& When removing the Dewar vessel temperature device with the sample cell still installed, be sure to move down the

Dewar vessel temperature device to the bottom limit.
& When installing to the main unit, slide it to the back limit until it is engaged with the fixing latch.
& The heater and the peripheral equipment are hot while heating with the heater or immediately after the heating. Be

careful to protect yourself from being burned.
& The sample cell after heating is hot. Be careful to protect yourself from being burned.

& Be sure to install the “heat protection cover” on the heater or the electric furnace while heating, which is supplied with

\the temperature controller. /

1. Insert the slide rail on the side of the Dewar vessel temperature device to the “elevator hanger” on the front of

the main unit, and slide it to the back.

2. Slide it to the back limit, until it is engaged with the fixing latch.
3. When removing the Dewar vessel temperature device from the main unit, move the Dewar vessel temperature

device down to the bottom limit, and pull the handle.

9. conversion of the flow meter value by gas type

The flow meter value indicated at the upper right of the instrument front panel varies depending on the gas type;
therefore, convert it appropriately using the following equation.
(Example) When applying a H, (hydrogen) flow meter to He (helium), the actual flow rate should be smaller than

the indication, as follows.

QHe = QM. |22 _qm.. |2 —0.7QH.
pHe 4

Q: Flow rate [cm® sec™]

p: Density of liquid [g cm™]
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10. Safety devices

BELSORP-max is equipped with the following safety devices.

actions automatically as follows.

When any safety device is activated, it takes

Reset it as listed below after you remove the cause.

Safety device

Action

How to reset

Manifold temperature

overheat detection

When the temperature in the manifold temperature on

the top of the instrument exceeds 90 °C, it detects faults

and turns off the instrument power.

When the temperature in the manifold temperature
drops below 90°C, turn off the power switch on the
back of the instrument, and then turn it on again to

reset.

Temperature device

overheat detection

When the temperature device (450 °C heater, 550 °C
heater, 1100 °C electric furnace) exceeds the specified
temperature (for details refer to the temperature
controller on P. 32), the temperature controller detects
faults and stops heating (in such a case, the “overheat
indicator” on the front of the temperature controller
When the measurement software is

lights up).

running, it exits automatically.

After cooling the temperature device, turn off the
power switch on the front of the temperature
controller, and then turn it on again to reset.  Verify
that the “overheat indicator” on the front of the

temperature controller lights off.

Elevator overload

detection

When the elevator load exceeds 50kg, it detects faults,

and disables lifting operation (in such a case, the lifting
switch II| on the front of the instrument blinks red).

When the measurement software is running, it exits

automatically.

Avreset switch for the elevator is located in the
“temperature controller pocket” on the front of the
instrument.  After you remove the cause, press the

reset switch to release any protective actions.

System faulty pressure
detection (Only when
the measurement software

is started)

When any pressure gauge exceeds 130 kPa, it detects

faults and triggers an emergency stop (exhaust process).

Only in the adsorption/desorption measurement, it

detects faults when PO exceeds 110 kPa.

Leave it without any action until the software

exhausting process is complete.

Turbo molecular pump
overload detection
(Only when the
measurement software is

started)

When air is sucked while the turbo molecular pump is in

operation, it detects load and stops the TMP operation
(in such a case, “TMP error” appears on the software

screen).

Even when the TMP error is indicated, the
measurement is not aborted.  Stop the low-pressure
measurement because vacuum is degraded. To stop
measuring and reset the error, turn off the instrument
power switch 10 minutes or more after the error

detection, and turn it on again another 5 seconds later

to reset.

Recovering from

system error

In case measurement is stopped by some reason, urgent

processing will begin at restart of the software.

When measurement is stopped, finish the software
and restart it. Leave it as it is, since urgent processing

will start automatically.

N Do not shut off power to the main unit while the turbo molecule pump is in operation, or for 30 minutes after it stops.
When power is removed during operation, or immediately after shutdown, the system pressure rises rapidly up to

atmospheric pressure.

It may apply overload to the turbo molecule pump, and accordingly it may cause failure.
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000 Startup and shutdown 000

1. Startup of the BELSORP-max main unit

l. Turn on the power switch on the back of the main unit.  The power indicator at the front of the main unit lights
up.

2. Connect the rotary pump power cable to the AC outlet on the back of the instrument, and turn on the rotary
pump.

3. When the instrument has not been used for a long time period, purge the instrument tubing according to “o000
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Installing and replacing gas cylinders ooo, P. 90”.

& Be sure to connect the rotary pump power cable to the “AC outlet”.

& The Dewar vessel is made of glass. Careful attention is required for the handling.
& It takes 5 hours for the pressure gauge used in the main unit to stabilize the pressure reading. Start measurement about 5 hours after

power is supplied to the main unit.

2. Shutdown of the BELSORP-max main unit

In case using the instrument for the measurement, following turn-off procedure should be done more than 30 minutes

after the measurement.

l. Turn off the power switch on the back of the main unit. The power indicator at the front of the main unit
lights off.

2. Turn off the rotary pump immediately.

3. When the instrument will not be used for a month or more, close the gas main valve.

/ & Caution \

0 In case you turn off the pump first, turn off the instrument immediately.

When the instrument is still on after the rotary pump is turned off, oil may flow back
into the instrument.  This may contaminate the instrument with oil.

0 Do not shut off power to the main unit while the turbo molecular pump is in operation, or for
30 minutes after it stops. When power is removed during operation, or immediately after the
shutdown, the system pressure rises rapidly up to atmospheric pressure. It may apply
overload to the turbo molecular pump, and accordingly it may cause failure.

Our company shall not be liable for any damage of the instrument caused by wrong

K operational procedures.
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To meet various measurement requirements from customers, the following options are available with
BELSORP-max. The software operations are common to all types of specifications; therefore, refer to 0ooo Basic

software operation 0oo on P. 83, and “Guidance support” on P. 90.

Pressure sensor in the sample section
Model Port No. Exhaust system
1000 Torr 10 Torr 1 Torr 0.1 Torr

Model 1 1 @) A — A TMP+RP (OP. DP)
(0.1 Torr sensor) 2 O — — — +WRG

3 O @) - O
Model 2 1 O — A - TMP+RP (OP. DP)
(1 Torr sensor) 2 O — — — +WRG

3 O - @) —
Model 3 1 O A - - TMP+RP (OP. DP)
(10 Torr sensor + 2 O — — - +WRG
TMP) 3 O O - —
Model 4 1 O A — — RP+ Pirani sensor
(10 Torr sensor) 2 O — — —

3 O @) - —

A selctable marker

2 For temperature device options, refer to P. 8.

2 For other optional equipment and oil-free exhaust system, refer to P. 9.

For details of the optional models, refer to the following pages.
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This model is equipped with a 1 Torr sensor and a turbo molecular pump, and measures the adsorption isotherm in the

000 1 Torr sensor specification 000

range of P/P,=10" t0 0.997. For other features, refer to “About BELSORP-max on P. 11”.

Model 2 (1 torr sensor) specification

Measurement method

Constant volume gas adsorption method+AFSM™

Adsorptive

Ny, Ar, Kr, H,, CO, O,, CH,4, and other non-corrosive gas
Steam
(A corrosion resistant option is required for the adsorption measurement of corrosive

gas such as NH3 and amine, and organic vapor such as CH;OH, CgHg, etc. )

Number of samples to

be measured

Standard mode (P/P, = 10~ to 0.997): 1 to 3 samples
High precision mode (P/Py = 107 to 0.997): 1 to 2 samples (according to AFSM™)

Specific surface area

measurement range

0.01 m? g or more (N, / 77K)
0.0005 m? g or more (Kr/77K)

Pore size distribution 0.35 to 500 nm
(diameter)
133 kPa 5 units (Accuracy: £0.25 % of F. S.)
Pressure sensor 1.33 kPa 1 unit (Accuracy: £0. 5% of R.)
133 Pa 1 unit (Accuracy: £0.12 % of R) (OP. + 1 unit)
Pressure resolution 1.6 x 10° Pa

Manifold temperature

40 °C (Option 50 °C)

Dewar vessel

Volume: 2.6 L, Holding time: 60 h

Sample cell

About 1.8 cm?® (Optional: 5 cm?)

Exhaust system

Turbo molecular pump + Rotary pump
: Attainable vacuum 6.7 x 107 Pa or less (manufacturer’s specification)

(Optional: Oil free exhaust system)

Vacuum gauge

Cold cathode gauge (2 x 107 Pa to 1 Pa)

Measurement software

Pretreatment and adsorption/desorption isotherm measurement

Analysis program

(BELMaster™)

= Adsorption/desorption isotherm
 Specific surface area by the
Langmuir method Cl, BJH method
= Pore volume calculation by the DA Micro-pore volume and micro-pore size
method analysis by the t-method and the
Micro-pore analysis by the MP as-method
method, HK method, and SF Equivalent differential adsorption heat
method analysis
Diferece of adosorption method
Pore size distribution analysis by the NLDFT/GCMC (BELSim™) (Optional)

= Specific surface area by the BET method
= Meso-pore size distribution by the DH,
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Required PC OS: Windows 2000, XP, Vista, 7 CPU: Intel Processor

Rotary pump connection port : NW16

WS565 x H850 x D580 mm, 84 kg
Dimension / weight

W environment Memory: 2 GB or more Hard disc: Free spaces of 1 GB or more

5

= USB port: USB 2.0

=

= Auxiliary equipment Rotary pump displacement: 50 L min™* Attainable vacuum: 6.7 x 102Pa

3

g He, adsorptive (N,, Ar, etc. ) : 1/8” Swage lock joint (0.1MPa (gauge pressure))
2 N Air for valve operation 1 1/4” plastics tube quick connec(0.5 to 0.6MPa (gauge
=, Utility

s pressure))

Q
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(Excluding a vacuum pump and computer related equipment)

Power Single phase, AC100 to 240 V /800 VA (max. 700 VA for roughing vacuum pump)

1) The minimum specific surface area to be measured depends on the sample density.
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Model 2 (1 Torr sensor) specification - main unit

. Optional: Gas selector

: 5]
Auxl. D—-x—
‘Fg V14

S

Aux2. D—x— ]
e

<

5

Aux3. :

Ads. 2
Air Bath1(40°C)-TIC1

Aux4. N a

PORTO

@ VitoVi7
@ C,F

® POto P4
@ P5

® TIC1

® Svi
@ TMP

PORT1 PORT2 PORT3

: Valve

: Flow rate adjustment needle valve
: Pressure sensor

: Vacuum gauge

: Manifold temperature controller

: Vent valve

: Turbo molecular pump
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@ Valve (Standard unit: V1 to 11) Valve (optional)

W V1 to 11: pneumatic valves Flow gas pretreatment line
g V1 :To dose helium gas A pneumatic valve
@ V2 :Todose the Ads. 1 gas V12  :To be used in the flow gas pretreatment
(-BD V3 :To dose the Ads. 2 gas or vapor
2 V4  :To exhaust the gas accumulator Gas selector
g' V5 :To dose gas to the reference volume V13: Pneumatic valve, V14 to V17: Solenoid valves
ﬁ (large flow rate line) V13 : A valve between the gas selector and the
g V6 : To dose gas to the reference volume gas accumulator
% (small flow rate line) V14 : To dose the Aux. 1 gas
“ V7 :To exhaust the reference volume V15 : To dose the Aux. 2 gas

V8 : Avalve between the PO port and the reference V16 : To dose the Aux. 3 gas

volume V17 : To dose the Aux. 4 gas

V9 : Avalve between the measurement port 1 and
the reference volume

V10 : A valve between the measurement port 2 and
the reference volume

V11 : A valve between the measurement port 3 and

the reference volume

@ Flow rate adjustment needle valve (C, F)

C : For large flow rate (pressure) control

F : For small flow rate (pressure) control
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® Pressure sensor (PO to P4)

The following pressure gauges, with the indicated respective full scale, are installed to each port.

PO : 133 kPa P1  :133k Pa (Optional: 0.133kPa)
To measure the pressure at the saturation vapor To measure the pressure at the measurement port 1
pressure measurement port (PO port) P3  :133 kPa, 0.133 kPa

P2 : 133 kPa To measure the pressure at the measurement port 3

To measure the pressure at the measurement port 2
P4 : 133 kPa, 1.33 kPa
To measure the pressure in the reference volume
Accuracy: 133 kPa —  +0.25 % (full scale)
:133kPa — 0.5 % (reading)
:0.133kPa — £0.12 % (reading)

@ Vacuum gauge (P5)
Cold cathode type pressure sensor

Measurement range: 2 x 107 Pato 1 Pa

[ N Do not use the vacuum gauge at pressure above 0.1 Pa. ]

® Manifold temperature controller (TIC1)
Turn on the power switch on the back of the main unit, then the thermostatic manifold temperature is
controlled to be 40°C (Option 50 °C). The manifold temperature is measured using a platinum temperature

detector.

® Vent valve (Sv1)
Turn off the circuit breaker on the back of the main unit, then this valve opens to vent the exhaust line to the

open air to prevent the pump oil from flowing back to the instrument when the rotary pump is in operation.

& Be sure to turn off the power switch and vent the exhaust line to the open air, before you shutdown the rotary pump.
Otherwise, the pump oil may flow back to the main unit, and accordingly it may cause failure.

@ Turbo molecular pump (TMP)
Attainable vacuum: 6.7 x 107 Pa or below (manufacturer’s specification)

It makes a high vacuum in the system.

& Do not shut off power to the main unit while the turbo molecular pump is in operation, or for 30 minutes after it
stops. When power is removed during the operation, or immediately after the shutdown, the system pressure
rises rapidly up to atmospheric pressure. It may apply overload to the turbo molecular pump, and accordingly it
may cause failure.

When accumulated operating time of the turbo molecular pump exceeds 20,000 hours, a
maintenance work is prompted on the PC screen.  Please contact our company if you find this message.
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000 10 Torr sensor specification 000

This model is equipped with a 10 Torr sensor and a 1000 Torr sensor, and performs the adsorption/desorption
measurement in the range of P/P,=107° to 0.997. By installing an optional turbo molecular pump, it can perform
the measurement at low pressure (Model 3 with a turbo molecular pump performs the measurement in the range of

P/P0=1O‘6 t0 0.997). For other features, refer to “About BELSORP-max on P. 11”.

Model 3, 4 (10 Torr sensor) specification
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Measurement method

Constant volume gas adsorption method+AFSM™

Adsorptive

Ny, Ar, Kr, H,, CO, O,, CH,4, and other non-corrosive gas
Steam
(A corrosion resistant option is required for the adsorption measurement of corrosive

gas such as NH; and amine, and organic vapor such as CH;OH, CgHg, etc. )

Number of samples to

be measured

Standard mode (P/P, = 107° to 0.997): 1 to 3 samples
High precision mode (P/P, = 107° to 0.997): 1 to 2 samples (according to AFSM™)
In case of Model 3 + TMP: P/P, = 107 to 0.997

Specific surface area

measurement range

0.01 m? g or more (N, / 77K)
0.0005 m? g’ or more (Kr/77K)

Pore size distribution

(diameter)

0.35t0 500 nm

Pressure sensor

133 kPa 5 units (Accuracy: £0.25 % of F. S.)

1.33 kPa 1 unit (Accuracy: +0. 5% of R.)

Pressure resolution

1.6 x 10° Pa

Manifold temperature

40 °C (Option 50 °C)

Dewar vessel Volume: 2.6 L, Holding time: 60 h
Sample cell About 1.8 cm?® (Optional: 5 cm?)
Rotary pump
In case of Model 3 + TMP =: Attainable vacuum 6.7 x 107 Pa or less (man
Exhaust system

ufacturer’s specification)

(Optional: Qil free exhaust system)

Vacuum gauge

Pirani gauge

(model3 Cold cathode gauge (2 x 107 Pa to atmospheric pressure)

Measurement software

Pretreatment and adsorption/desorption isotherm measurement
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Analysis program = Adsorption/desorption isotherm + Specific surface area by the BET method

+ Specific surface area by the = Meso-pore size distribution by the DH,
(BELMaster™) Langmuir method Cl, BJH method
= Pore volume calculation by the DA = Micro-pore volume and micro-pore size
method analysis by the t-method and the
Micro-pore analysis by the MP as-method
method, HK method, and SF + Equivalent differential adsorption heat
method analysis

+ Adsorption difference measurement
Pore size distribution analysis by the NLDFT/GCMC (BELSim™) (Optional)

OS: Windows 2000, XP, Vista, 7 CPU: Intel Processor
Required PC
Memory: 2 GB or more Hard disc: Free spaces of 1 GB or more
environment
USB port: USB 2.0

Auxiliary equipment Rotary pump displacement: 50 L min™* Attainable vacuum: 6.7 x 102Pa
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He, adsorptive (N,, Ar, etc. ) : 1/8” Swage lock joint (0.1MPa (gauge pressure))

Air for valve operation 1 1/4” plastics tube quick connec(0.5 to 0.6MPa (gauge
Utility
pressure))

Rotary pump connection port : NW16

W565 x H850 x D580 mm, 84 kg
Dimension / weight
(Excluding a vacuum pump and computer related equipment)

Power Single phase, AC100 to 240 V /800 VA (max. 700 VA for roughing vacuum pump)

1) The minimum specific surface area to be measured depends on the sample density
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Model 3, 4 (10 Torr sensor) specification-unit
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: Flow meter
i Tt
X vi2

PORTO PORT1 PORT2 PORT3
@ VitoVvi7 : Valve
@ C,F : Flow rate adjustment needle valve
@ PO to P4 : Pressure sensor
@ P5 : Vacuum gauge
® TIC1 : Manifold temperature controller
® svi : Vent valve
@ T™MP : Turbo molecular pump
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@ Valve (Standard unit: V1 to 11) Valve (optional)

V1 to 11: pneumatic valves Flow gas pretreatment line w
V1 :To dose helium gas A pneumatic valve g
V2 :Todose the Ads. 1 gas V12  :To be used in the flow gas pretreatment @
V3 :To dose the Ads. 2 gas or vapor g
V4 To exhaust the gas accumulator Gas selector c
V5 :To dose gas to the reference volume V13: Pneumatic valve, V14 to V17: Solenoid valves g
(large flow rate line) V13 . A valve between the gas selector and the Z
V6 : To dose gas to the reference volume gas accumulator _g
(small flow rate line) V14 : To dose the Aux. 1 gas 5
V7 :To exhaust the reference volume V15 : To dose the Aux. 2 gas
V8 : Avalve between the PO port and the reference V16 : To dose the Aux. 3 gas
volume V17 : To dose the Aux. 4 gas

V9 : Avalve between the measurement port 1 and
the reference volume

V10 : A valve between the measurement port 2 and
the reference volume

V11 : A valve between the measurement port 3 and

the reference volume

@ Flow rate adjustment needle valve (C, F)
C : For large flow rate (pressure) control

F : For small flow rate (pressure) control
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® Pressure sensor (PO to P4)

The following pressure gauges, with the indicated respective full scale, are installed to each port.

PO : 133 kPa P1  :133k Pa (Optional: 1.33kPa)
To measure the pressure at the saturation vapor To measure the pressure at the measurement port 1
pressure measurement port (PO port) P3  :133 kPa, 1.33 kPa

P2 : 133 kPa To measure the pressure at the measurement port 3

To measure the pressure at the measurement port 2
P4 : 133 kPa, 1.33 kPa
To measure the pressure in the reference volume
Accuracy: 133 kPa —  +0.25 % (full scale)
:133kPa — 0.5 % (reading)

@ Vacuum gauge (P5)
Pirani gauge
Measurement range: 5 x 10”7 Pa to atmospheric pressure

(OP. cold cathode type pressure sensor Measurement range: 2 x 107 Pa to 1 Pa)

[ & Do not use the vacuum gauge at pressure above 0.1 Pa. ]

® Manifold temperature controller (TIC1)
Turn on the power switch on the back of the main unit, then the thermostatic manifold temperature is
controlled to be 40°C (Option 50 °C). The manifold temperature is measured using a platinum temperature

detector.

® Vent valve (Svl)
Turn off the circuit breaker on the back of the main unit, then this valve opens to vent the exhaust line to the

open air to prevent the pump oil from flowing back to the instrument when the rotary pump is in operation.

N Be sure to turn off the power switch and vent the exhaust line to the open air, before you shutdown the rotary pump.
Otherwise, the pump oil may flow back to the main unit, and accordingly it may cause failure.

@ Turbo molecular pump (TMP)
Attainable vacuum: 6.7 x 107 Pa or below (manufacturer’s specification)

It makes a high vacuum in the system.

/& Do not shut off power to the main unit while the turbo molecular pump is in operation, or for 30 minutes after n\
stops. When power is removed during the operation, or immediately after the shutdown, the system pressure
rises rapidly up to atmospheric pressure. It may apply overload to the turbo molecular pump, and accordingly it
may cause failure.

When accumulated operating time of the turbo molecular pump exceeds 20,000 hours, a
maintenance work is prompted on the PC screen. Please contact our company if you find this

K message. j
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000 System environment required 000

This automatic gas adsorption measurement software is specialized for “BELSORP-max”.
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It can be used in the following system environments.  Standard BELSORP-max does not include a personal

computer. You may use your personal computer.

[Personal computer]
Required system environment
Microsoft
_ ﬂfr:?:%f;s\?gz(rjﬂfmg Microsoft Windows® XP Microsoft
Operating Premium of more Windows® Vista Home or Windows® 2000
system Professional Edition
(Any computer that can run the English version of these OS)
CPU Intel processor
Memory 2 GB or more 512 MB or more 256 MB or more
Display XGA (1024 x 768 dots) or more
Hard d.ISk 10 GB or more space is required during operation.
capacity
USB port At least one USB1.1/ USB2.0 port
Disk drive CD-ROM drive
(For setup CD installation, and reading Config CD)
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000 Installing the software 000

% When measurement software has been already installed, delete the measurement software according to the

“Uninstallation” in the next section before conducting the following installation procedure.

(For the basic operation of Windows, refer to the Windows instruction manual. The screens shown below are those

in the Windows 7 mode.)
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1. Installing the measurement software

1 . Insert “Setup CD” to the CD-ROM drive.

@ Welcome to the BELSORP-max installation program.
=

2. Start “SETUP.EXE” in the “Measurement software

Setup cannot install system files or update shared files if they are in use.
Before proceeding, we recommend that you dose any applications you may

¥SETUP” folder stored in the “Setup CD”. be runring,

3 After this is loaded, a screen appears as shown on the

Exit Setup

right.

4. Select the button.

Click this button to install BELSORP-max software to the specdified destination
directory.

5
5. Confirm the installation destination folder

and then click the @ button.

-Directory:

C:\BEL JAPAM\BELSORP-max) Change Directory ||
Exit Setup

6. A screen appears as shown on the right.

Select the | Continue | button to start setup. 32:“&:;‘2&1?n”:w"zr‘i"ffn’::”si“,":e.l?t?:!é?m’?fé:i:in“;”‘
Groups list,
Program Group:
. Existing Groups:
7 When the setup is complete, a screen appears as shown below. hocemones
" BELCAT

BELSORP-aqua3

Select the button.
St

6 — 1" o
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2. Installing the USB driver

The main unit and the computer are connected using a USB cable. Install the USB driver according to the
procedure described below.

In the case of Windows® Vista

1 Turn on the main unit and the computer. . -
" |-"] Found New Hardware ==

Windows needs to install driver software for your USB HS
Serial Converter

2 Connect the main unit to the computer using a
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@ Locate and install driver software (recommended)
Windows will guide you through the process of installing driver software
for your device,

USB cable.

<+ Ask me again later
‘Windows will ask again the next time you plug in your device or log en.

@ Don't show this message again for this device
Your device will not function until you install driver software.

3. A screen appears as shown on the right. Select

“Locate and install  driver  software - =
() L Found NewHardware - USB Hs Serial Converter
(recommended)” Allow Windows to search online for driver software for your USB HS Serial
Converter?

 VYes, always search online (recommended)
Windouws will automatically search for the latest drivers and applications for your hardware and
download them to your computer.

% Yes, search online this time only

4 A screen appears as shown on the I’Ight Windows will search for the latest drivers and applications for this device and download them to

your computer.

1 ’ A1) % Don'tsearch online
Select “Don’t search online”. 4 e et ey i ey 6 s e i

Please read Microsoft's privacy statement

&
@ L Found New Hardware - USB HS Serial Converter
5 . A screen appears as ShOWﬂ on the ”ght Insert “Setup Insert the disc that came with your USB HS Serial Converter
If you have the disc that came with your device, insert it now. Windows will autematically
- search the disc for driver software.
CD” to the CD-ROM drive.
6 Select | Next|.
" < Idon't have the disc. Show me other options.
When the setup is complete, a screen appears as shown on the right. ~ Select the | close | button.
. =

() L Found NewHardware - FTDI FTBU2XX Device
The software for this device has been successfully installed
Windows has finished installing the driver software for this device

FTDI FT8U2XX Device
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In the case of Windows® 7

1 TUrn on the main Unit and the Computer. M“mf« H:;:v;ay::::Sound b iermiiies 9% smmem.mdpm; - Op
4 Devices (3)
2 Connect the main unit to the computer using a USB /
Cable HP&SBLasev LCM-TATLIA/S ~ USER-PC

4 Printers and Faxes (2)

3 . Select Windows “Start” > “device and printa” */
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Microsoft XPS.
4 A screen appears as shown on the right. Righe click | spbuesdriean
USB HS Serial Converter”, and select “property”. A
USB HS Serial
{ 6 items.
=)
1.3 USB Hs Serial Converter Properties =

5 A screen appears as shown on the right.  Select “property”. ||| [ useHs Sersl Convater

Device Functions.

Name Type
[l USE HS Seral Canverter Other devices

Device Function Summary

Manufacturer:  Unknown
Location Fort_#0001.Hub_#0001
Device status:  The diivers for this device are not installed. (Code 28)

5

i) o

USB HS Serial Converter Properties =)
General | Driver | Details
6 A screen appears as shown on the right. Select “change J@) USBHS Seral Corverter

Deviestyps:  Otherdevices
settings”. Manifacturer;  Unknown
Location Port_#0001 Huib_#0001
Device status
"The drversfor s devics are not insalled. (Cod 28] #

There is no driver selected for the device infomation set or
element

Tofind a driver for this device, click Update Driver.

G==t—6

=

USB HS Serial Co

General | Driver | Details

Updats Driver

USB HS Serial Converter

&

Driver Provider Unknown
7 A screen appears as shown on the right. Drver Date: Not avaicble |
- Driver Version: Mot available I
Digital Signer: Mot digitally signed il

Select “updating driver”.
To view details about the driver files

7 o To update the driver software for this device

Fihe devics fails sfter Updating the diver roll
(e e e back to tha previously installed driver.

Disable Disables the selected device

To uninstall the driver (Advanced). I

Uninstail

28 _ ==




8_ A screen appears as shown on the right. Select

How do you want to search for driver software?

“Browse my computer for driver software”.

 Search automatically for updated driver software
Windows will search your computer and the Intemet for the lstest driver software
for your device, unless you've disabled this feature in your device installation
settings.

2 Browse my computer for driver software
Locate and install driver software manually. 8

|
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9 . A screen appears as shown on the right.  Select

Browse for driver software on your computer

“D: ¥USB DRIVER” in the “Setup CD”, and select | [—————————

‘CoarmanT <] Browsen
Next | = O
Include subfolders

 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

10 A screen appears as shown on the right.  Select

“close”.

Windows has successfully updated your driver software

Windows has finished installing the driver software for this device:

USB Serial Converter

r 10—=]
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1. The initial configuration file (Config. ini) contains

various values specific to BELSORP-max, including
the “reference volume”, etc. Copy these numeric
data from the “Config CD” to the “SendDate” folder
in the “BELmax” folder that has been already

installed in section l .

2 . Insert the “Config CD” to the CD Drive (D:).

3 . Select the Windows “Start” > “Program” >

“Accessory” > “Explorer” to start “Explorer”.

4. Select the “Config. ini” file in the “CD Drive (D:)”

folder, and Copy (C) it.

5 . Paste (P) the “Config. ini” file to the “SendDate”

folder in the folder that was created through
“BELmax” or “L. Installing the measurement

software — 5

6 . Exit “Explorer”. Now, the measurement software

installation is complete.
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B3 Initial parameter file k3

‘[Product name] BELSORP-nax
[Last update] 2009/9/15

SN ="00001” :Product serial No. [S/N]
BELmax_tyvpe =121 Type 111, 121
: 211, N2, 221, 222
311, 321
Y50 =24.0000 :Standard volune (Vs(ml1)

FLOR_Y12 =0 Flow V12
FLOR_V13_V17 - =0 Flow ¥18-17

(0=none, 1=ves)
(0=none, 1=yes)

PUMP_KIND =1 :0=RP, 1=0F

USB_SERIAL MO ="BELmax 00001 :USB serial No. BELmax 00000
AVE_COUNT =40 B

Ele Edt Vew Favorkes Iools Help

Qo - @ F POsoct

adivess [ 4 a4
Falders
(4 Deskop
(L) My Documents
= % My Computer
A 3% Floppy (87
) e Local Disk (C:)
® b CD Drive (Du)
i [ control Panel
# (3 Shared Documents
# (2 xp-english's Documents
1 99 My Network Places
# Recyck Bn

33 X9 @

[ Folders

size | Type Date Modii
4KB Configuration Settings  2006/03/11

Name =

Favorite Links Name Lale
Ei Documents i bmp iy
P' | data 9/11,
E et | SendData S‘fllxl
B Music BELSORP-rmax 7415
Mare 3 | STBUNST 7715,
Folders g
L T T -



000 Uninstalling the software 000

1. Uninstalling the measurement software

1 . Select the Windows “Start” > “Control panel” to display the “Control panel” window.

|

B | »

2 . Start “Add or Remove Programs”.

e P Control Panel

ok

* Control Panel Home
User Accounts

@ Add or remove user accounts

System and Maintenance
Get started with Windows
Back up your computer

Classic View

Appearance and Personalization
Change desktop background

Customize colors

Adjust screen resolution

Securi

Check for updates

Check this computer's security st
@ Allow a program through Windows Firewall

Fibwictisai Bt “ Clock, Language, and Region

atus
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Change keyboards o other input methods
View network status and tasks

Setup file sharing
of Access
dows suggest settings

/' Hardware and Sound
Play CDs or other media automatically
Printer

Additional Options

Mouse

Programs
Uninstall 2 program
Change startup programs

3 . Select "BELmax" in the ||St » Control Panel » Programs » Programs and Features e )

Tk Uninstall or change a program

View installed updates

i To uninstall a program, select it from the list and then click "Uninstall", “Change", or "Repair”.
Get new pragrams online at

Windows Marketplsce

View purchased software R B @
(digital locker) Name 2 Publisher Installed On  Size
Tum Windows features onor [ 103 2009-05-26 726 MB
aft ! BELMaster (TM) BEL JAPAN, INC. 2009-04-24 687 MB
[BEL-METAL-L 2009-05-26 120K8
[E1BEL-METAL-1 (C'BEL JAPAN\BEL-METAL-1\) 2009-05-26

@ BEL-METAL-3 2009-05-26 151 MB

@EELSORFraquai 2009-05-26 150 MB
@ p 2009-05-26 624 KB
2009-05-26 271 MB
2009-05-26 162MB

4 . Press the button to max Removal

start uninstallation.

P p——
A S

5 «  When the uninstallation is complete, a window appears as shown on the right.

Press the button.
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2. Uninstalling the USB driver

1 . Select the Windows “Start” > “Control Panel” to display the “Control Panel” window.

2 . Start “Add or Remove Programs”.
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Recent Tasks
Uninstall 2 program

Change startup programs

3. Select “FTDI FTD2XX USB Drivers” in the

Control Panel » Programs » Programs and Features ~ [ 43| [ search 2|
H H H H Uninstall hi
list of the applications installed, and select the e e
To uninstall a proegram, select it from the list and then click "Uninstall”, "Change", or "Repair".
n - ” Organize .« 15 Views < @
FTDI FTD2XX USB Drivers” button. o - . .
1/15/2009
o
ERIntel(R) Network Connections 131 33. Intel 7/10/2009
5 Microsoft .NET Framework 3.5 SP1 Microsoft Corporation 7/10/2009
& Microsoft Silverlight Microsoft Corporation 7/14/2009

, Network and Internet

System and Maintenance
Get started with Windows
Back up your computer

Security

Check for updates

Check this computer's security status

@ Allow a program through Windows Firewall

View network status and tasks
Set up file sharing

Hardware and Sound

' Play CDs or other media automatically

Printer
Mouse

Programs
Uninstall 2 program
Change startup programs

ey
9 Clock, Language, and Region

User Accounts
@ Add or remove user accounts

Appearance and Personalization
Change desktop background

Customize colors

Adjust screen resolution

Change keyboards or other input methods

Ease of Access
Let Windows suggest settings
Optimize visual display

Additional Options

4. Press the button to start uninstallation.

5. When the uninstallation is complete, a window

=

3

Contirnue

If your USE device is connected. please unplug it now...

Press Continue to uninstall the-dlivels,_ or Cancel to. quit.

Cancel

4 —

[

appears as shown on the right. Press the button. YD bE A

Deleting registiy entries....
Deleting files...

Now, uninstallation is complete.

Uninstall complete, press Finish to exit

S

Finish |
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000 Basic software operation 000

Starting the measurement software
. Verify that the main unit and the computer are connected properly using a connection cable.

. Check that power is supplied to the instrument.

3. Turn on the personal computer, and start “Windows”.
4 Select “Start” > “Program” menu > “BELmax” > “BELmax”.

The measurement software starts, and then the “Main” window appears. When the current status is displayed

for the following items, startup is complete (The software screen shown below appears when you select the gas
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selector and the flow gas pretreatment line as options.).

+ Current date and time

- Pressure gauge (P0-P4) Gas selector =

= Maniforld temperature .
Maniforld temperature

(TIC1)

The following items are displayed when you

select it as an option.
- Gas selector (V13 to V17)

- Circulation line (V12)

Current date and time

6 In the event of error in the communication line, including such cases

(S/N-00001)BELSORP-max [Errar found]

that the main unit and the computer are not connected properly using a [Commricatonena

1.Check if BELSORP-max is on.

connection cable, etc. “Communication error” window is displayed.

Check the power supply to the main unit, as well as connection of the

power cable and the communication cable.

* |If the valves (V1 to V17) still remain as opened manually when the software was used previously, all valves close

when the software starts.
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Operating the stop valves and specifying the temperature setting from the “Flow
circuit diagram” window

You can control the stop valves or change the temperature setting manually at any time; however, do not operate

it during the automatic measurement.

The “Main” window of the measurement |«pgjow circuit diagram” “Adsorption/desorption
window isotherm” window

software (shown on the right) consists of the

“Flow circuit diagram” window, the “Trend

graph” window, and the “Adsorption/desorption

isotherm” windows. The stop valves (V1 to

V17) operation, vacuum gauges (P5), and turbo

molecular pump (TMP) can be controlled from
the “Flow circuit diagram” window, while the

manifold temperature and adsorption temperature

(when using a heater and electric furnace) can be )
“Trend graph” window

Lo —
specified from the same window.
Operating the valves
1. On the “Flow circuit diagram” window, BELEORP-max(5/H-00001)
BELSORP-r27a.x
BEI C
double-click the relevant mark of the valve Pretreatment

Measurement

(V1to V17) to be operated.

Duplicate meas.

2. Select “Close” or “Open” to operate the
valve, and click the button to close the

“Confirmation” window.

/N When you operate the valves manually, careful
attention is required to prevent toxic/flammable

gas from being discharged and to protect the « Close £ Open

turbo molecular pump from being overloaded.
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Operating the turbo molecular pump

BELSORP-max(5/N-00001>

BELSORP-12.
BIEL JARAR, I

1. On the “Flow circuit diagram” window,

Pretreatment

double-click the | ON | or | OFA Measurement

mark of the TMP (turbo molecular

pump).
2. Select OFF or ON, and use the
button to close the “TMP control”

window. The TMP is controlled.

i, Confinmation

N\ When you operate the turbo molecular pump
manually, careful attention is required to prevent
the turbo molecular pump from being overloaded.

TMP can be operated.

= OFF C ON

Operating the vacuum gauge P5 (WRG)

BELSORP-max(S/N-000012.

1 « On the “Flow circuit diagram” window, BELSORP-/172x |—
BEL >

double-click the lamp mark of the 1 RO

Measurement

vacuum gauge P5 (WRG). Duplicate meas.

/N Do not turn on the WRG when the vacuum
level is not sufficient. Otherwise, it may degrade
filaments.

C s

o

2. Select OFF or ON, and use the

button to close the “Confirmation” window. The

= Confirmation

vacuum gauge P5 (WRG) is controlled.
Pa(WRI5) can he operated.

] ] — It P5 is tutned on without turhing on THP, the vacuum gauge might break,
With 10 Torr (without TMP) specification, P5 Turn on the vacuum gauge after at least 2 min of turning on TMP.

is to be always displayed. aN
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Operating the manifold temperature (Manifold Temp. )

BELSORP-max(5/N-00001)

1. On the “Flow circuit diagram” window,

double-click the SV temperature indication Pretreatment

Measurement

of the manifold temperature (TIC1).

Duplicate meas.
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2. Enter the SV value (temperature setting),

~% Confirmation

and select the button. The SV value

Manifold t . b t.
can be entered by using thelzkto increase), or anfioit ermp. tan he se
E (to decrease) button. Normally set it to 40 °C S 4=c "
afafafal ———
(Option 50 °C). TfTTJ
I |
Third place First decimal place

N You may not specify any temperature above 40

3 0 Second place First place
°C(Option 50 °C).

Operating the measurement temperature (Heat Temp. )

1. It can be operated when some temperature devices are connected, including a heater, electric furnace, and a

temperature controller. On the “Flow circuit diagram” window, double-click the SV temperature indication of the
adsorption temperature (TIC2). When any temperature device is not connected, the temperature indication is not

displayed.

BELSORP-max(5/N-00001)

The temperature setting range is:

Pretreatment

50 °C to 450 °C for the 450 °C heater, Measurement

Duplicate meas.

50 °C to 550 °C for the 550 °C heater, and

50°C to 1100°C for the 1100 °C electric

furnace. l
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2. Enter the SV value (temperature setting). TheSV | s z
(temp 9) . Confirmation @

value can be entered by using the (to increase), or o
Iz' Ads. temp. can he set. g
E| (to decrease) button. oy 0 [ Ettlng """" o
: TreTs| et 5
* &
w
Hampingtime] 0 min =
41414 S
11+ 1+ (o)
w
<5}
3
]
Fourth place First place @
w
Third placel  Becond place

3. Enter the ramping time (minute). It can be entered [ ) :
i, Confirmation @

Ads. temp. can be set.

by using the II| (to increase), or Izl (to

decrease) button. When the time setting is 1

minute or more, the temperature is controlled so that

it changes from the initial PV value (current

Famping time mir
temperature) to the specified SV value in the time
specified. In some cases, it cannot reach the target 444
temperature in the time specified.
4. Select the | Setting | button. The adsorption
. First pl
temperature is controlled. Stplace
Third placel  Becond place
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Exiting the measurement software

1- Select the bUttOﬂ, then BELSORP-max(5/N-00001)
BELSORP-r722x
BELJ ING
the “Confirmation” window e —

Measurement

appears.

Duplicate meas.

1 (]

Heater(450°C)
Ten
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) (5/N-00001 )BELSORP-max [Confirmation]
2. Select to exit the measurement

[Confirmation]
software.  This software automatically closes
all stop valves, and returns the instrument to the Are you sure, do you want to clese program?

initial state.
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Software screen with optional specification

With 1 Torr, or 10 Torr sensor specification, the software screen appears as shown below (The basic software

operation is the same as those with 0.1 Torr sensor specification).

With 1 Torr specification

BELSORP-max(S/N-00001)

BELSORP- 122
BE |
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Pretreatment

Measurement

Duplicate meas.

Heater(550°C)

With 10 Torr specification (without TMP)

BELSORP -max{S/N-00001)

Pretreatment

Measurement

Duplicate meas.

Duplicate meas.
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Guidance support

000 Installing and replacing gas cylinders 000

To measure adsorption/desorption correctly, a pure adsorptive gas and He gas are necessary. When a gas

cylinder is replaced, air comes into the tube, so that gas purity in the gas supply line is degraded.

necessary to wash the tube and fill in the gas supply line with a high-purity gas.

follows:

BEL,
Gas supply valve Gas supply line E
High-purity gas supply —— {X}
sz
(DClose the gas supply valve on the gas supply line to vacuum

between this valve and the main unit. =

=

@O0pen the gas supply valve to take in the high-purity gas :
supplied to the gas supply line. ]
_3_

Fill in the gas supply line with the high-purity gas only by repeating the steps @ to @.

Hence,

it is

The outline of tube washing is as

BELSORP-max’s measurement software is equipped with a guidance function to ensure easy operation when a

gas pipe is attached for changing adsorptive gas or replacing the gas cylinder. The procedure to perform work by

following this guidance is described from the next page.

source.

In this procedure, a gas cylinder is used as the gas

Even when using other gas sources such as centralized line, wash the gas line in accordance with the

following procedure.  When you wash two or more different gas lines, be sure to perform it one by one.

The section of pipe washing by the software guidance function describes the case in which the regulat

or mentioned on the next page is used.

Change the operational method according to your regulator

-

\_

& Caution

Do not apply pressure more than 0.2 MPa (2 kgf cm™).

- Otherwise, gas may flow back in the system, and accordingly the pressure sensor may be damaged.

Do not use any corrosive gas (except for the corrosion resistant type).

Check the gas line for leakage, and verify that there is no leak.

>®0 0O

applicable.

& Make an appropriate arrangement for the pump exhaust port.

e Particular attention is required in handling flammable gas, or toxic gas.

& Attention is required in using gas cylinders and compressed gas.

Prevent any flammable gas or toxic gas from being discharged. Conduct abatement where

~

/
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1 c it ’ bet BELSORP-max(S/N-00001)
. onnec € gas line petween a gas BELSORP-12:2
BEL JA

Pretreatment

cylinder and the BELSORP-max main

Measurement

unit. Check the line for leakage after it

Duplicate meas.

is connected.

2 . Start the BELSORP-max measurement

Heater{450°C)

software. Close all valves when the 2

software has been already started and
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valves are open.

Press the but ton at the IOWer Ieﬂ @ BELSORP'maX(SI’N'OOOO'I)

w L Wersion Yerl 2.9
on the “Flow circuit diagram” window. Erelanver

Span adjustment | Optional settings: | True density mess: ‘
Adjustment Y5 Adjustment Y6 Cystem check
needle valve needle valve ¥
Furging the Degagsing in the
manifald liquid adsorptive

3 . Awindow appears as shown on the right. 3

Select | Exchanging gas cylinder |,

Exchanging gas
cylinder

4. When the “Confirmation” window is displayed,

select [ Yes] In the next step 5 and later, follow

Confirmation

the guidance message d|Sp|ayed on the JL This is the support software to replace the gas cylinder, OK?

Please select the valve for the line which you want to replace and install gas piping.
£ H H ” 1
Confirmation” window. 4 v X

5 « The terminology used in the “Confirmation” window is as follows.

Main valve A manual valve attached to a gas cylinder.

Reducing valve A valve attached to a regulator for adjusting the secondary pressure.
Stop valve A valve attached to a regulator. Gas is discharged when it opens.
Gas accumulator A part of tubing in the main unit.

0.1£0.02 MPa (G)

Main unit
Gas cylinder Primary - Secondary | SE
pressure pressure ES

! !

Reducing Stop
valve valve

T

Main valve Stop valve V1 or V2

........................ Regu|at0r
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6 . Select the valve of which gas cylinder you want to replace. (S/N-00001)BEL SORP v [Replacement of gas cylinder]

i . Select the valve of which you want to replace the gas cylinder.
After it is selected, press the button.  For the
Walve |He (vi) -
adsorptive gas assignment to each valve, refer to the

“Measurement parameter setting, Gas dosing valve

assignment settings on P. 134”.

oY)
(1>}
—r
(@)
=
@D
3
@D
o))
%)
=
=
>
o
w
QD
3
[®)
@D
)

7. Close the gas cylinder main valve, the regulator stop -valve
[Confirmation]
and the regulator reducing-valve; and then preSS the @ Close the valves {main for gas cylinder, regulating and stop for regurator).
Turn the knob in counter-clockwise completely, and valve will be shut.
button. l
8. When a message is displayed as shown on the right, press

[Confirmation]

the button.  Firstly, air in the connection line is

Evacuating manifold will start

drawn into the system gas accumulator, and then discharged.

9. When a message is displayed a little while later as shown on 8 _

(S/N-00001)BELSORP-max [Confirmation]

the right, follow the message guidance, and then press the (Confirmation]
Open the main valve (with closing the stop valve
button to proceed to the next step. forteguiaten n gzs yner
Turn the knob of regulator in clockwise and
adjust the gas pressure up to [I.1MP|
10 When a message is displayed as shown on the right,
[Confirmation]

Close the main valve on gas cylinder.

close the gas cylinder main valve, and then press the

(Don't put pressure mare than 0.1MPa on the system or
pressure gauge will break down.)

10— D

button to proceed to the next step.

N Do not apply any pressure over 0.1 Mpa (G). The pressure

sensor may be damaged.

(S/N-00001)BELSORP-max [Confirmation]

11 When a message is displayed as shown on the right,

[Confirmation]

open the regulator stop valve, and then press the @

Open the stop valve on pressure regulating vahve.

button to proceed to the next step. The helium gas 11 -

accumulated in the regulator in steps 9 and 10 is

released into the system, and then discharged (for washing inside the regulator).
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(S/N-00001)BELSORP-max [Confirmation]

[Confirmation]

12 When a message is displayed a little while later as

shown on the right, close the regulator stop valve, and

Close the stop valve on pressure regulating vahve.

then press the button to proceed to the next 1 2

step.  Return to 9., and repeat the steps 9 to 12

two more times, i.e. a total of 3 times.
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13.  When a window appears as shown on the right

[Confirmation]

the gas cylinder replacement is complete. Finally, Open the main valve on gas cylinder.

Open the stop valve on pressure regulating valve.

open the gas cylinder main valve and the regulator

stop valve. Press the button to complete. 13

Finish of replacement for gas cylinder.

0 Be sure to open the main valve and the stop valve at the end. Otherwise, any measurement cannot be performed witl

the valve closed.

0 Verify that the regulator secondary pressure is 0.1 + 0.02 MPa (G) after the replacement. In the automatic

measurement and the “system check” described later, the regulator secondary pressure should be within the range

k mentioned above. /
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000 System check 000

Although individual devices are adjusted and inspected sufficiently before delivery, regulator needle valves for
gas flow rate adjustment may be misadjusted during transportation. The “system check” function is used to check
easily the regulator needle valve adjustment, the pressure sensor operation, and the valve operation. Any faults in
the instrument may not only affect the measurement data accuracy, but also result in failure of the instrument. ~ After
the unit is installed or transferred, or when the unit has not been used for a long time period, be sure to perform this

“system check”.
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[& Do not install the sample cell to the measurement port, until it is prompted. ]

1 . Start the BELSORP-max main unit and the measurement software.
2. Select the button on the “Flow circuit diagram” window. The “System version information”

window appears.

BELSORP-max(5/N-00001)

BELSORP-r722x
BE C |

Pretreatment
Measurement

Duplicate meas.

3. The system checks for the needle valve flow rate, valve operation, pressure sensor, Dewar vessel lifting
operation, vacuum level, leakage, etc..  Remove the sample cells from Port 1 to 3 before you start the system

check.

w. Version info.

4. Select the | System check... | buttonon the

@ BELSORP-max(S/N-00001)

Wersion Yer!.2.9

“System version information” window.

Span adjustment | Optional settings. | True density meas. |

Adjustment wa Adjustment V&
7] NEEdle valve. needle valve. g}

Exchanging gas
cylinder

manifald ligquid adsarptive

Furging the ‘ Degassing in the
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S.

Select to start the “System check”.

Confirmation

' System check will start, OK?
LAY

This is the support software to confirm if BELSORP-max Function properly.

5_

The system depressurizes the line between the main unit and the
pump down to atmospheric pressure. When a window is
displayed as shown on the right, turn off the main unit. ~ Also,

turn off the pump.

When a window is displayed as shown on the right, turn on the

main unit only. Press the button.

When a window is displayed as shown on the right, turn on the

pump. Press the button.

When a window is displayed as shown on the right, install blank
sample cells to Port 1 to 2, a blank flow gas sample cell Port 3, a
saturation vapor pressure reference cell to PO port, and a lig.
bottle to the adsorptive gas dosing port (ads.2), and then press
the button. When the flow gas pretreatment line is

equipped, install a blank flow gas sample cell to Port 3.

10 A window is displayed as shown on the right after the leak

check. Remove the sample cells from Port 1 to 3, and the

saturation vapor pressure reference cell from PO port, and

then press the button.
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(S/N-00001)BELSORP-max [Confirmation]

[System check]
Switch off main unit.
Switch off pump.
Don't install anything to Port 1.3.
Install the water bath (dewar) to the instrument.

Please do not place anything on the water bath (dewar).

Quit system H i
check OK
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6

(S/N-00001 )BELSORP-max [Confirmation]
[System check]

Switch on only main unit.

(S/N-00001)BELSORP-max [Confinmation]
[System check]

Switch on pump.

(S/N-00001)BELSORP-max [Confirmation]

[System check]
Install blank cells to Port 1 and Port 2.
Install blank flow gas sample cell to Port 3.

Install PO cell to PO Port.

Install Lig. bottle to Lig. Port.

O |—susaman .

(S/N-00001 )BELSORP-max [Confirmation]
[System check]

Remove sample cells from Port 1.3.

Remove PO port from PO cell

10 —s=t>(




11 A window is displayed as shown on the right after you {8/N-00001)BELSORP-max [Confinmation]
[System check]

adjust the needle valves V5 and V6 flow rate. Install a Install PO cell to PO Port.

saturation vapor pressure reference cell to PO port, and 11 -]

press the button.

12 When the system check is not successfully complete, RSN RN e S|
[System check is complete]

a window is displayed as shown on the right. Check Error found.

Check the following error log file.

the error log file. Press the to close the

C:\Program Files\BELSORP-max\BELSORP-max(SN-1)20060101-120000.TXT

window.
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000 Adjusting the needle valve 000 oy
—r
o
=
Adjust the needle valve to the appropriate flow rate. ®
3
i )
Function =
w
Check the flow rate through the needle valve V5 (C) for a large flow rate.  Select this E
. S
Adjustment V5 button to check the flow rate through the needle valve V5 (C). Adjust the needle valve V5 =
; ; (7]
needle valve (C) so that it takes 20 to 30 seconds to dose helium gas up to 100 kPa. %
For the vapor measurement, adjust the needle valve V5 (C) so that it takes 7 to 10 S
seconds to dose helium gas up to 100 kPa. o
Check the flow rate through the needle valve V6 (F) for a small flow rate.  Select this
Adjustment V6 button to check the flow rate through the needle valve V6 (F). Adjust the needle valve V6
needle valve (F) so that it takes 20 to 30 seconds to dose helium gas up to 1 kPa.

For the vapor measurement, adjust the needle valve V6 (F) so that it takes 80 to 100

seconds to dose helium gas up to 100 kPa.

1 . Start the BELSORP-max main unit and the measurement software.

2. Press the button on the “Flow circuit diagram” window. The “System version information

window appears.

BELSORP-max(S/N-000012.

Pretreatment

Measurement

Duplicate meas.

3. Select “Adjustment V5 needle valve”

(or V6) on the “System version information” window.

w Yersion info_ E'

@ BELSORP-max(S/N-00001)

Wersion Yerl 2.9

Span adjustment I Crptional settings . | True density mess. |

Adjustment va Adjustrment Y& - -
needle valve. needle valve ystem check.

Exchanging gas
cylinder

Purging the Degassing in the
manifald liguid adsorptive
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4.

5. Select for gas adsorption measurement, or

9. You can check adjustment of the needle valve is either gas (G) or vapor

Select .

select for vapor adsorption
measurement. Then, start dosing helium gas to

the reference volume buffer to determine the gas

flow rate through the needle valve V5 (C) or V6

(F).

When the valve flow rate is appropriate, a window is

Confirmation

4 -

'E V5 needle valve adjustment will skart, OK?
L

This is the support orogram ko determine the Flow rate through S,

(5/N-00001)BELSORP-max [Confirmation]

[Confirmation]
For gas(N2, Ar, etc) adsorption measurement, please select "GAS™

For vapor adsorption measurement, please select "VAPOR"

displayed as shown on the right. Press the @ 6

button.

When the valve flow rate is not appropriate, a window is

displayed as shown on the right. ~ Select to adjust

it again.

You can locate the “needle valve adjustment screw” in the

back of the main unit measurement port.

counterclockwise to close the valve so that flow rate is decreased, or turn

it clockwise to open the valve so that the flow rate is increased.

(V) in the flowchart.

[Setting gas (G)]

BELSORP-max{(5/N-00001)

BELSORP-m2x
BEL

Pretreatment

Measurement

Duplicate meas.

Heater(450°C)
Ten

98

Adjust it by hand. Turn it

(S/N-00001)BELSORP -max [ Confirmation]

[V5 (C) needle valve adj t plet fully]

Time required for +100 kPa dosing is 22 sec {Standard time 20 - 30 sec)

Error not found.

(S/N-00001)BELSORP-max [Confirmation]

[System check]
Time required for +100 kPa dosing is 50 sec (Standard time 20 - 30 sec)
V5 dosing rate is too low.

Adjust the V5 (C) needle valve.

Quit system
check :

BELSORP-max{5/N-00001}

BELSORP-/72x |
C

BEL JAl

Pretreatment

Measurement

Duplicate meas.

Heater(450°C)



000 Span adjustment 000

The span adjustment is to prevent each pressure gauge from deviating, and to adjust it so that good balance is
maintained. Perform this span adjustment when the instrument is installed, or the instrument has not been used for a
long time period, or the pressure gauges deviate from each other. It is recommended to perform this span
adjustment every time you perform the measurement at low pressure, or the low specific surface area measurement,

the vapor measurement.

/N 1t is recommended to perform this span adjustment every time you perform the measurement at low pressure,
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or the low specific surface area measurement, the vapor measurement.

1 . Start the BELSORP-max main unit and the measurement software.

2. Press the button on the “Flow

BELSORF-max(5/H-00001}

circuit diagram” window. The “System ““'EEL“

version information” window appears.

3. Select the | Span adjustment | button.

@ BELSORP-max(S/N-00001)

Wersion Yerl 2.9

3 Span adjustmernt Optional settings | True density meas |

Adjustment 5 ‘ Adjustment V5 ‘

needle valve needle valve Systern check ‘

Exchanging gas Furging the Degassing in the
cylinder manifald liguid adsorptive
4 . Select to start the “span adjustment”. Confimation
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. S/N-00001)BELSORP Confi i
5. install the port plugs to Port 1 to 3, install a

Span adjustment will start.

saturation vapor pressure cell to PO port, and then Installipotepligs o Bort 43

press the button. The span adjustment

Install PO cell to PO Port.

starts.

6. For vapor adsorption measurement, press the
button.

For other adsorption measurement, choice

For vaper adsorption measurement,

install Water bath and detachable thermostatic bath.
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button.

Cancel Skip

7. When a message is indicated as shown on the [EEEEEEEEIUNE

[Span adjustment is complete]

(Thank you for waiting.)

right, the span adjustment is complete. - He
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000 Purging the tubing in the instrument 0oo
After the adsorptive is changed, the adsorptive previously used may still remain in the instrument tubing.
This affects the subsequent measurement accuracy. When the instrument has not been used for a long time period
such as more than two weeks, air and/or moisture may be contained in the instrument tubing. Additionally
perform a purge each time a measurement is finished if a corrosive gas or a gas oxidizing in air (e.g. NO) is used.
In such cases, you must purge the instrument tubing. With BELSORP-max, the measurement software has a

guidance function to make this purging process easy. The following section describes the working procedure

& Caution

0 Install a helium gas cylinder before you attempt this work.

according to the guidance.
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* Use helium gas for purging.

1. Start the BELSORP-max measurement BELSORP-max(5/N-00001)
BELSORP-r172.x
BE ;| |

software. Close all valves when the

Pretreatment

Measurement

software has been already started and

valves are open. Press the

button at the lower left on the “Flow

Duplicate meas.

circuit diagram” window.

1
o @

2 » Awindow appears as shown on the right.

@ BELSORP-max(S/N-00001)

Select | Purging the manifold |.

Wersion Yerl 2.9

Span adjustmernt | Optional settings | True density meas |

Adjustment o ‘ Adjustment VB

needle valve needle valve ‘ Systern check ‘

cylinder

3. When the “Confirmation” window is displayed, select

(Gas purge in the manifald will start. OK?

This is the support saftwars for the 0as purge in the manifold,
This wil be Used For replacement of liquid (adsorbate) bottle in the ia, port or in the case of not measurement For
sbout 2 weel

Degassing peration should be dane after the purge because the pratection of the contamination in the manifold from
the ather gas.

. In the following step 4 and later, follow the

guidance messages displayed on the “Confirmation”

window.
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4.

Remove the sample cell and the lig. bottle from the
instrument, and install port plugs alternatively. When
this is complete, press the button to proceed to

the next step.

When a message is displayed as shown on the right,
press the button to proceed to the next step.
The whole instrument tubing is evacuated automatically

for about 3 minutes.

A message will be displayed about 3 minutes later as
shown on the right. Press the button to proceed
to the next step. The main unit fills the whole
instrument tubing with helium gas, and then discharges
it. This purging process is repeated 3 times

automatically.

When a window appears as shown on the right, the

purging process is complete.  Press the button.

102

(S/N-00001)BELSORP-max [Confirmation]

[Confirmation]
Remove sample cells from Port 1.3 and
Lig. bottle from Lig. Port.

Install the port plugs to all the ports.

5-

(S/N-00001)BELSORP-max [Confirmation]

[Confirmation]

Evacuating the maniford

6.

($/N-00001)BELSORP -max [Confirmation]

[Confirmation]

He gas purge

(S/N-00001)BELSORP-max [Confirmation]

[Confirmation]

Gas purge operation is complete.




000 Degassing from adsorbate 000

When you perform measurement using vapor gas as an adsorptive by installing a lig. bottle to the dosing gas
port (ads. 2) (available only when the optional water bath is selected), you must remove the gas other than the
adsorptive that is remaining in the lig. bottle and in the tubing between the valve V3 and the lig. bottle, and the gas
dissolved in the adsorbate (liquid). When the instrument has not been used for a long time period such as more than

a month, air and/or moisture may be contained in the lig. bottle or the tubing. In such cases, perform “degassing
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from adsorbate” according to the following procedure. With BELSORP-max, the measurement software has a

guidance function to make degassing easy. The following section describes the working procedure according to the

guidance.

4 _ )
& Caution

S Keep the adsorptive liquid level lower than 70 % of the lig. bottle.

+ Otherwise, the lig. bottle may be broken during the degassing process.

& Careful attention is required in handling liquid nitrogen.

1 «  Wash the lig. bottle and dry it sufficiently.

& Be sure to wash the bottle with pure water, and then dry it sufficiently. Unclearn bottles may degrade the adsorptive

purity. Accordingly, it may affect the measurement accuracy.

2 . Start the BELSORP-max BELSORP-max(5/N-00001)

measurement software. Close all

Pretreatment

Measurement

valves when the software has been

Duplicate meas.

already started and valves are open.

Pressthe | System |outton at the

lower left on the “Flow circuit

diagram” window. 2

SIS (11timesi:
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3. A window appears as shown on the right. Select | Version info.

“Degassing the liquid adsorptive”. @ BELSORP-max(S/N-00001)

Wersion Yerl 2.9

Span adustment | Crptional settings. | True densty mess. ‘
Adjustment Y& Adjustment Y& Y G
needle valve. needle valve. ¥

Exchanging gas | Furging the Degassing in the
CyNnder | rmanio ligquid adsarptiv

4. When the “Confirmation” window is displayed, select

Confirmation
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Degassing aperation wil start, OK?

YeS' In the fOIIOWIng Step 5' and Iater‘ fOIIOW the Th\slst:e‘supgn;tsoftwavefnvdega;smgnperat\or\,wh\chadsnrutlve\lqu\d\spunﬁcatedhyremnvalnftheresnlved
gas in the liquid by using LNZ.

(Degassing should be done for mare thag

guidance messages displayed on the “Confirmation”

window.

5. Install a lig. bottle according to “How to install

[Confirmation]

sample cells and Lig. Bottles, P.57”. When it is Install Liq. bottle to Liq. Port

Keep the adsorptive liquid level not to exceed 70% of the Liq. bottle.

complete, press the button.

(about 30cc)

= D

~
S Keep the adsorptive liquid level lower than 70% of the lig. bottle. When you perform the following degassing

process with too much liquid in the bottle, the lig. bottle may be broken.

J

6 (S/N-00001 JBELSORP-max [Confirmation]
. Install the water bath (Dewar vessel) to the instrument. [Confirmation]

Set the water bath (dewar) to BELSORP-max.

7. Fill fully the Dewar cup with liquid nitrogen. When it (S/-00001)BELSORP-max [Confirmation]

[Confirmation]

iS Complete, pl’eSS the @ button Put the dewar cup in place on the water bath (dewar) and

fill the cup with LN2

N Careful attention is required in handling liquid nitrogen. 7
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8.

Install the Dewar cup to the top of the water bath

(Dewar), and start freezing the adsorptive in the lig.
bottle with liquid nitrogen. Press the lifting switch
IZ| button on the front of the main unit to lift up the

water bath (Dewar). If the button is depressed for more

than 5 seconds, the water bath keeps moving up even the switch is released. Press the E button to stop it.

When the bottom of the lig. bottle comes into contact with

the liquid nitrogen, the liquid (adsorptive) in the lig. bottle
starts freezing gradually. Lift up the Water bath (Dewar)
as the liquid nitrogen level drops, so that the bottom of the
When

lig. bottle keeps contact with the liquid nitrogen.

the adsorptive in the lig. bottle has frozen completely, press

the button.

10 Verify that the adsorptive in the lig. bottle has

11.

12

frozen completely, and then start vacuuming.
Press the button.  Vacuuming will start

automatically (for about 5 minutes).

Remove the liquid nitrogen in the Dewar vessel, and

fill it with hot water. Install it to the top of the

water bath. Press the button. Then a
message appears as shown on the right.  Lift up the

water bath (Dewar) so that the frozen lig. bottle is
soaked into hot water to melt the adsorptive in the

bottle.

9

(5/N-00001)BELSORP-max [Confirmation]

[Confirmation]
Freeze the adsorptive liquid bit by bit from bottom of the liquid bottle.
Hold the up/down button for more than 5 seconds,

then the elavatot keeps moving after the button is released.
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10

12-

(8/H-00001)BELSORP-max [Confirmation]

[Confirmation]
Confirm freezing
(When the liguid is notfrozen completely ,

it will be sucked into pump and will cause a trouble.)

When vacuuming is complete, the water bath is lowered to the bottom limit.

(5/N-00001)BELSORP-max [Gonfirmation]

[Confirmation]
To melt the frozen adsorptive,

replace LN2 in the dewar cup by hot water.

(5/N-00001)BELSORP-max [Gonfirmation]

[Confirmation]

Lift up the elavator and melt the frozen adsorptive in Liq. bottle.

[& Careful attention is required in heating the lig. bottle. Heating (melting) partially a frozen lig. bottle may break it. ]
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13.

14,

(5/N-00001)BELSORP-max [Gonfirmation]

When degassing in step 12. is complete, the

[Confirmation]

Check if the adsorptive inside Liq. bottole is dissolved.

“Confirmation” window appears as shown on the

right. Lower the water bath (Dewar) and verify

13+——C=D

==

The elevator is automatically lifted down by clicking OK button.

the adsorptive in the lig. bottle has melted

completely. It may not have melted completely depending on the type and quantity of the adsorptive in the

lig. bottle. If it is not melted completely, lift up the water bath (Dewar) and leave it for a while.

melt completely. Then, press the button.

For obtaining accurate measurement data, repeat {8/N-00001)BELSORP-mox [Confirmation]

[Confirmation]
degassing steps 3 to 13 for a total of over 3 Degassing is complete.

Do you want to continue degassing operation?

times. The degassing process is now complete.

=D

14

It will

Ho
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000 Optional settings 000

Optional settings can be specified, including the heater, electric furnace, water bath (optional), as well as
standard Dewar vessel. Measurement at various adsorption temperature levels is available by using the optional
heater, electric furnace, or water bath. Pretreatment (vacuum/flow gas pretreatment) is also available by using the

optional heater, electric furnace, or water bath.

1 . Start the BELSORP-max main unit and the measurement software.
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2. Press the button on the “Flow circuit diagram” window. The “System version information”

window appears.

BELSORP-max(S/N-000012.

BELSORP-r1:2x

BEL >

Pretreatment

Measurement

Duplicate meas.

?
[ep-

s (11t

3. Select the | Optional settings | button. The “Option =i Version info.
@ BELSORP-max(S/N-00001)

Wersion Yerl 2.9

setting” window appears.

3 p i Optional settings True density meas |

Adjustment o ‘ Adjustment VB

needle valve needle valve ‘ Systern check ‘

Exchanging gas

cylinder manifald liguid adsorptive

Purging the ‘ Degassing in the

4. Check Heater (450 °C), Heater (550 °C), Electric

= Option setting

furnace, or Water bath to be used, and then select the

Setting | button.  Dewar vessel shall always be 4

checked. The heater or electric furnace can be

v Heater{450°C)

[~ Heater{550°C) Setting

[ Electric furnace

controlled for the adsorption temperature by the

software. Select the button to return.
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000 Measuring true density 000

True density is obtained by quantity of solid / powder dividing effective volumetric capacity. In the case of the
BEL SORP max, true density is calculated in the following way. At the first, the sample volumetric capacity is
calculated by “sample weight after pre-treatment / (blank sample cell —blank sample cell + sample )",
each of volumetric capacity measured by He. BELSORP-max has a function which automatically covers various
tasks from measuring the true density of a solid/powder to outputting data simply after measurement conditions are
set and the sample is weighed. Measurement accuracy is 35 + 0.007 cm® (= + 0.02 %).

* Please measure enough sample weight to increase measurement accuracy.

1. General

1. Set measurement parameters, and start measuring true density.

2. Start blank Vd measurement.

1) Install an empty sample cell to port 2. Entry values are used. Go to the pretreatment of the
2) Install the water bath and detachable thermostatic sample.

bath, raise water bath, and wait for 70 minutes until

Vd.

the temperature is stabilized. Then, measure blank
. |

/\ Set the water bath tempetrature at 40 °C in advance. ]

-

3. Start the pretreatment of the sample.
Start the pretreatment of the sample according to the preset pretreatment parameter.  Weigh the sample, and
then go to “Sample-available VVd measurement” (If skipping pretreatment, weigh the sample, and then go to

“Sample-available VVd measurement”.).

4. Start “Sample-available Vd measurement”.
1) Install the pre-processed sample cell to port 2.
2) Install the circulating water bath and detachable thermostatic bath, raise water bath, and wait for 70 minutes

until the temperature becomes stable.  Then, perform “Sample-available \Vd measurement”.

5. The data of true density measurement is saved in the specified file “...DENn.CSV”.
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2. Procedure of measurement

BELSORP-max’s measurement software is equipped with a guidance function to ensure measurement of true

density without problems.

described.

1. Start the BELSORP-max main unit and the
measurement software.

2. Press the button on the “Flow

circuit diagram” window. The

“System/Version Information”  window

appears.

3. select | the true density measurement

button. The “true density measurement parameter

settings” window appears.

Fill in
the measured value of the blank Vd measured in

4. Check if performing “Blank VVd measurement”.

advance otherwise.

5. Select a gas to purge inside of the sample cell after
the pretreatment.

6. To perform pretreatment by the main unit, check

“Pretreatment” to set up parameters. By selecting
the “Pretreatment parameters” button, the window
appears as shown on the right. For the setup
method of each item, refer to “Pretreatment on P.
1117, If not checked, pretreatment is not
performed.

I1) as needed.
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In this section, a procedure to measure true density in accordance with this guidance is

BELSORP-max(S/N-000012.

Pretreatment

Measurement

Duplicate meas.

[}

w Wersion info.

@ BELSORP-max(S/N-00001)

Wersion Yerl 2.9

V &

;
3 Span adiustment |

Adjustment vs ‘

»
Optional settings” True densty mess.

USSR ‘ Systermn check... ‘

needle valve. needle valve.
Exchanging gas Furging the Degassing in the
cylinder manifald liguid adsorptive

[Setting window for. true density measurement]
4 — v Blark %o measurement 250000

5 He (%1) [

Furge gas

v Pretrestmert  Concftion |! 1.Py

Sample gas deaass rate Fast -

Measurement port 8
=

Repest measurement [1 - th measurement

_= | 0—

Pre-treat the sample by the optional pretreatment instrument (BELPREP-flow 1I/BELPREP-VAC

Measursment Fleass specify the saving file name r E)
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7. Load and save the “Pretreatment parameter

@ acuum pretreatment ¢ Flow gas [ vacuum sequertial pretrestment v Blank Sample cell weight measurement

inA” fi [~ High accuracy made (AFSM) ¥ Device [Water bath w| I iVieioh sampe before measurement
o Settmg file. Mo, of prefreatment samples Purge gas
D [ Port1 Iv Port 2 I Part3 NZ W2 e
—r
o Pretreatmenttimels — min Sample gas degass rate |Slow  +
('-; Pretreatment temperature l.‘)UU— el
Pretreatment temp. ramp rate |10 “Cimin
3 Pressure for start pretreatment[l kPa
)
o I
w
c Measuremet
:. Close Load Save priivaena?r:]l:m p:;lm;t:r
S
o
w
<)
3 . — : :
© ! Select the button to load the existing “Pretreatment parameter setting” file.
D i . . .
n ! However, it is necessary that the file has been saved by the button in advance.
Load |
© After the file has been loaded, select the | Overwrite | button to return to the screen of step
V4,
© Select the button to save the existing “Pretreatment parameter setting” file, and
Save !
» return to the screen of step 4.
! Select the button to over write the “Pretreatment parameter settings” file, and
Overwrite !
. return to the screen of step 4.
! Select the button to cancel the setting, and return to the screen of step 4. Set the
Delete ;
' pretreatment parameter again.

When you Se|eCt the Load or Save ' the “Pretreatment Select a pretreatment parameter file and click “Open”.

Lookin: | 3 data ~| « ®&ekE-
parameter file” window appears. Specify the “location to load [ =

My Riecent

Documents

from” or the “location to save in”. Select or enter the “file o

Desklop

name”, and then select the “Open” or “Save”. An extension

&
of “.Pv” is automatically set to the vacuum pretreatment | "becmens

parameter file, whereas “.Pf” is set to the vacuum / flow gas | wcame

sequential pretreatment parameter file. M:N?}k | < —
Files of type: [vacuum pretieatment parameter fie ["Fv) = Cancel
8. Select the sample gas degassing rate using E button.
Sample gas degass rate | Marmal -
. . . JNnrmaI A
9. Specify a name of the file to save the true density measured data.
Set a place to save, enter a file name, and select “Save”. “-Den” is ‘armal

Sl

automatically appended to the file name of the measured data, and the

extension is “.CSV”.

10 Select the | Start measurement | button to start measuring true density. After measurement has started,

follow the window displayed.
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Now, this section explains the flow when “Blank Vd measurement” and “Pretreatment” are checked.

11. select the [ Start measurement | button. Then the
window is displayed. By selecting [ Yes], (Confimaton)

true denSIty measurement Starts Or SeIeCt to Are you ready to start true density measurement?

return to the “True density measurement parameter”

window.

oY)
@D
—r
(@)
=
@D
3
@D
job)
(7]
=
=
>
o
(%2]
QD
3
=]
@D
w

12. The window as shown on the right appears. Install the

empty sample cell inserted the glass rod and attached the lank ¥l measurement

No cell installation to Port 1.

filter, and select the button. By clicking the

Install blank sample cell to Port 2.

|Quit measurement | button, measurement will be aborted, No cell installation to Port 3.

{Insert the glass rod into sample cell and place the filter)

and return to the “True density measurement parameter”

Quit
measurement

window.

VAN Only port 2 is used for real density measurement.  Insert the glass rod into the sample cell, and attach the

filter.

13. Install the water bath and detachable thermostatic bath,

and select the the button. Raise the water bath, ssinal

Install Water bath and set it to 40°C.

wait for 70 minutes until the temperature is stabilized, and

measure blank Vd. Install Detachable thermostatic bath.

measurement

14 When blank Vd measurement has finished, the water
bath is lowered, and the confirmation window as shown on [Contimetich]

Remove sample cell from the port and

the right appears. Weigh the empty sample cell, sample,

weigh the blank sample cell and sample.

and Select the bUttOn. Pretreatment iS performed (Weigh the sample after wiping off the water on the sample cell wall)
continuously based on the pretreatment parameter which - oK

was set up at step 6. Follow the direction on the window.

(5/N-00001)BELSORP-max [Window for sample weight input]

Please enter the sample weight.

15 After pretreatment, the confirmation window as shown on

the right appears. Weigh the sample to enter the measured

weight, and select the button. poraSse et s

Cancel oK
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16. install the sample cell, and select the button. In the same manner as applied to step 13, install the

water bath, wait for temperature to become stable, and start “Sample-available VVd measurement”.

17 True density measurement has finished when

the message as shown on the right appears.

Measurement data

The data below are included in saved files.

BEL.

BELSORP -max(5/N-00001)

BELSORP- 272

[True Density Measurement is Completed]

vdb / cm® E Average value of “blank Vd”
Vds/cm?® Average value of “sample-available Vd”
Sample weight /g ! Mass entered at step 1.5
Sample density / g cm™ True density = measurement result

Pressure B5kPa G0k Pa 6Bk Pa J0kPa 7BkPa 20k Pa 85kPa

Pen-1 4745773235 5217401389 5747903019 6221737589 6309753316 7261931541 76.05970541
PeZn-1 4751298126 6220247784 B7E1183662 6226667263 0813766876 7266048640 77.00519292
Ten-1 3315 1315 318 318 AL 1318 kAL
TeZn-1 318 31315 13169178 318 AL 1318 318
Fin 541169063 BO6847047 6419357017 05352276 7450450734 | 7R77GRE034 8506354404
Fen G217401359 5747903018 6221737589 GE097R316 ) V21931541 TA95979041 | 8267575061
Peln B220247784  B7R1183662 62256672632 GE13TEGETE . V266048640 TYO0R10202) 8272450010
Tin 31318 31318 3318 3318 31318 31318 31318
Ten 31315 31315 316 3158 31315 31318 31315
Teln 31315 331691781 318 318 AL 1318 kAL
Wb 3627679222 3630689097 3631886332 3024407026 3524809851 3026781683 3620016542
Sample (We+yd)

Preszure 55kPa G0k Pa 65k Pa J0kPa 78kPa S0k Pa 85kPa

Pen-1 4721250197 5349853531 B7.82670008 62731024 6718062473 7200189303 77.33204788
Feln-1 47.04136762  B352646653 G785935918 6276634200 6722863302 7294478541 | 77.37009525
Ten-1 31316 EREA L 316 316 AL 317 21316
Tezn-1 3131897183 31318 3318 F318 1317667 31318 31318
PFin 6604532682 BOG1786778 | 6476181297 6303822682 VH26028244 7917982276 83.85953004
Pen 5349053531 5782670009 62721024 6718962473 V200189393 7733204788 81.04042761
Paln B2E2646003 5786035018 6276634255 6722863302 7294478541 7737969828 91.09019659
Tin 3131886197 31318 318 3158 3131543478 31318 3318
Ten 31316 31318 3316 3318 EIEAN 31318 1318
Teln 31316 1318 316 A1TNE6T AL AL 21316
Wids 3621774427 3521741023 3523219408 3521394756 3524008503 3519487274 3510935896
Wb 35.28208365 cm3 Sample weight 050019 &

Vs 262173716871 em3 Sample density 7.7306M 317 efem3
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90k Pa

S267575061
8272450319
EiEAL
3315
8056623063
8681645808
8687111845
31315
31315
EiEAL
35.3160800

90k Pa

194042761
£1.99015659
EiEA L
31315
89.9731185
8761540735
g7.66824113
31318
1318

EiEA L
3524027135

0Bk Pa
06.81645808
8687111845
3318
31315
9357995555
9157879761
16336167
31315
31315
131705479
3626960807

05kPa
8761540735
8760324113
31316
31315
9384606969
9200835602
920832710
31315
1318
31316
3520424569

100kPa

9167879761
9163316167
1315
3131706479
9962817633
97.26142374
9720688715
31318
31315
1315
36.2083075

100kPa
92.00835602
92.06327101
1318
31318
98.38622097
9650045857
06.65821953
31318
31318
1318
35.23500031

108k Pa
9725142374
9730685715
1318
31315
1034152358
101 5580652
101 6486878
31318
31315
1318
2026026047

105k Pa
9650045897
9655921958
AL
31318
1036285905
101 5282148
1016889738
31318
31318
AL
3619131936

110kPa
1015880652
101.6486878
315
3215
108570110
106.5757465
106.6307401
31315
31315
315
06.28664422

110kPa
101.5202148
101.5889758
21316
31315
1086235286
1065302456
106.5924504
3315
31318
21316
3521213978
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Measuring with BELSORP-max

000 For accurate adsorption isotherm 000

BELSORP-max is a high precision automatic gas-adsorption measuring unit that uses the volumetric method.
By the volumetric method, the adsorption to the sample is determined from the adsorptive gas pressure difference
using the state equation of gas. Anyone can obtain accurately and quickly, fine particle properties by easy operation,
including the specific surface area and the pore size distribution. To obtain data accurately, your careful attention is

required for the following points.

Appropriate amount of samples

The adsorption is determined from m e B AR G G e \

the pressure  difference  due  to The measurement system keeps negative pressure during

adsorption.  Accurate data cannot be adsorption measurement. Accurate data cannot be obtained if
obtained from small amount of .
there are any leakages at the sample cell connection port from
adsorption and small pressure difference. outside. When you install the sample cell, pay careful

% Conversely, too much amount  of attention not to press any foreign materials onto the o-ring.
adsorption requires repeated dosing and .
ﬁ P a P g When the sample scattered in the measurement system adheres to
c . . .
= exhaust, and measurement takes a long the stop valve, it may result in leakage. Be sure to use a filter
=1 time. It is recommended that the total :
> during measurement.
” surface area of the sample be 2 to 40
<)
3
= L
—~ X For accurate adsorption isotherm
@ /Accu rate pressure
ﬁroper sample pretreatment \ g 0TPHON / desorption isotherm The measurement system
Correct data cannot be obtained pressure is measured using a
when gas or moisture remains on the precision pressure sensor and a
sample. 8000 high resolution A/D converter.
Perform sample pretreatment é
with the appropriate conditions. S f \
3000+
Measure the sample mass Accurate measurement
@Jrately after pretreatment. J S AN
The reference volume Vs
a .
o /”5 ‘” and the dead volume Vd are
F/FO
determined  with  accuracy

within 0.1 %. /

ﬁpropriate judgment on equilibrium

Accurate isotherm cannot be obtained when the measurement

time is too short to reach the adsorption equilibrium.  Generally,

non-porous samples reach the adsorption equilibrium in 10 Accurate measurement system

temperature
The system reads the temperature at

minutes at medium or less relative pressure. However, such
samples with molecular-sized pores may not reach the adsorption
equilibrium even after an extended period. Judge the

Wrium appropriately for each sample. /
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000 Outline of the measurement 000

With BELSORP-max, an automatic gas adsorption measurement unit, measurements up to 3 samples can be

performed in parallel.

Dead volume change
Yes No
measurement
=z Port 1 Sample measurement Sample measurement
B e
S 3 Port 2 Dead volume change measurement Sample measurement
g ___________________________________________________________________________________________________
= Port 3 Sample measurement Sample measurement

Saturation vapor For saturation vapor pressure, select either “Actual measurement at PO port” or “Input”

pressure correction mode.
Refer to the existing DVd file
Dead volume
Measurement at Port 2 or
correction
no dead volume correction

DVd file (data file for dead volume correction)

When you control the measurement temperature using a refrigerant filled in the Dewar vessel, such as liquid
nitrogen and liquid argon, the refrigerant level in the Dewar vessel tends to drop due to its evaporation. The dead
volume (Vd) in the sample cell decreases as the refrigerant level drops; therefore, it is necessary to correct the dead
volume change during measurement. When you perform measurement of the dead volume correction using a dead
volume reference cell, the data of “.AVvd (ratio of dead volume change) to t (time)” can be saved in the DV file (data
file for dead volume correction). Specify the file name to which the data is saved at “setting the measurement
parameter”.  When you do not perform measurement of the dead volume, the dead volume is corrected by referring
to the data file for the dead volume correction that has been measured in advance. Specify the file name from which

the data is loaded at “setting the measurement parameter”.
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000 Qutline of the measurement (low-pressure measurement) 000

For low-pressure measurements, measurements up to 2 samples can be performed in parallel, using the

low-pressure pressure gauge Port 1 (optional) and Port 3.

Dead volume change
Yes No
measurement

=z Port 1 Sample measurement (optional) Sample measurement (optional)

(]
o B[ T T
S 3 Port 2 Dead volume change measurement -

S|l li______]

[1°]

= Port 3 Sample measurement Sample measurement

”

Saturation vapor For saturation vapor pressure, select either “Actual measurement at PO port” or “Input

pressure correction mode.
Refer to the existing DV file,
Dead volume
Measurement at Port 2 or
correction
no dead volume correction.

Low-pressure measurement

For adsorption measurement at low pressure, it is necessary to evacuate the sample sufficiently.
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BELSORP-max performs sufficient evacuation at “Leak check”. A change in the lower pressure section must be
detected using a pressure gauge during measurement; therefore, use the low-pressure specification ports (Port 3

and Port 1) for the measurement.
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000 Measurement sequence 000

1. sample pretreatment

Perform the pretreatment under such conditions that the gas and moisture adsorbed on the surface can be removed
without denaturalizing the sample.  Measure the sample mass after pretreatment.
For the pretreatment with BELSORP-max, refer to “Pretreatment, P. 122”.
Pretreatment can be performed independently by using optional pretreatment unit, BELPREP-flow Il or
BELPREP-vac Il.
2. Starting the BELSORP-max main unit and the measurement software

Refer to “Starting the BELSORP-max main unit and the measurement software, P. 120”.

3. Measurement parameter setting
Refer to “Setting the measurement parameter, P. 128”.

4, Starting the automatic sample measurement (system initialization)
Press the button on the “Measurement parameter settings” window to start measurement.

5. Preparing the Dewar vessel (or, optional heater, electric furnace, or water bath), and installing the sample cell

Prepare the Dewar vessel and install the sample cell when a window appears showing “[Procedure 1] ... to the
Dewar vessel (or, the heater, electric furnace or water bath)..., [Procedure 2] ... to Port 1....”. Refer to “How to
install sample cells ..., P. 57”. Press the button. Then the measurement system is evacuated, and the
automatic measurement starts. The gas pressure change and the adsorption isotherm are displayed on the screen

during the sample measurement.  Refer to “Windows during measurements, P. 159”.

6. Leak check

When “Leak check” is selected, the sample cell is evacuated repeatedly while checking the pressure in the sample

section until it reaches appropriate condition for measurements.

(. Measurement of the dead volume in the sample cell (room temperature): “when the dead volume measurement
before adsorption measurement is selected”
When “non-ideality correction” is selected, the dead volume in the sample cell at room temperature is measured

using helium gas.  After the measurement, about 100 kPa of helium is dosed to the sample cell.

8. Dead volume measurement at the saturation vapor pressure PO port (room temperature)

The dead volume in the saturation vapor pressure PO port (room temperature) is measured using nitrogen.  After

the measurement, about 100 kPa of nitrogen is dosed to the saturation vapor pressure PO port.
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9. Dead volume

measurement in the dead
volume reference cell
(room temperature)

The dead volume in the
dead volume reference cell
at room temperature is
measured using helium gas.
After the measurement,
about 100 kPa of helium is
dosed to the dead volume
reference cell. When the
adsorptive gas is nitrogen
and the adsorptive
temperature is 77 K to 78 K,
or when the adsorptive gas is
argon and the adsorptive
temperature is 77 K to 78 K
or 87 K to 88 K, the
adsorptive gas is used for the

measurement.

9. Dead volume

measurement in the dead
volume reference cell
(room temperature)

The dead volume in the
dead volume reference cell
at room temperature is
measured using helium gas.
After the measurement,
about 100 kPa of helium is
dosed to the dead volume
reference cell. When the
adsorptive gas is nitrogen
and the adsorptive
temperature is 77 K to 78K,
or when the adsorptive gas
is argon and the adsorptive
temperature is 77 K to 78 K
or 87 K to 88 K, the
adsorptive gas is used for

the measurement.

10. Setting up the Dewar vessel (or, optional heater, electric furnace, or water bath)

The Dewar vessel moves up automatically, and the sample cell is soaked into liquid nitrogen or argon.

/N Do not place any foreign material on the Dewar vessel.

N Liquid nitrogen may spill out sometimes. Careful attention is required.

11. Measurement of the dead volume in the sample cell (adsorption temperature): “when selecting the dead

volume measurement before the adsorption measurement”
The dead volumes in each sample cell at adsorption temperatures are measured using helium gas. Refer to

“Dead volume measurement, P. 15”.  After the measurement, helium in the sample cell is degassed.

12. Condensing adsorptive gas in the saturation

vapor pressure PO port
When nitrogen or argon is used, the adsorptive

gas may be condensed. Refer to “Saturation vapor

pressure measurement, P. 18,
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13. Adsorption measurement

Dosing and adsorption are repeated until the equilibrium pressure reaches the target adsorption pressure.
Refer to "Adsorption measurement and desorption measurement, P. 17”.  The data is saved in the relevant file
specified for each measurement point. When all the target adsorption pressure values are cleared, it proceeds to

the desorption measurement.

14. Desorption measurement

Depressurizing and desorption are repeated until the equilibrium pressure reaches the target desorption
pressure. Refer to ”Adsorption measurement and desorption measurement, P. 17”. The data is saved in the
relevant file specified for each measurement point. When all the target desorption pressure values are cleared, it

proceeds to the next step.

15. Duplicate measurement

When you start “Duplicate measurement, P. 156", it performs the degassing process (to evacuate the sample for

the time specified), and then performs the desorption measurement as many times as specified.

16. After the measurement

When the dead volume measurement “after the adsorption/desorption measurement” is selected, it performs the
following measurements.
Dead volume measurement in the sample cell (adsorption temperature)

Dead volume measurement in the sample cell (room temperature): when “non-ideality correction” is selected.

17. Post-treatment

The measurement system is degassed, and then the Dewar vessel moves down. It performs purging and enters

the weight according to the settings.

18. Exiting the measurement software and shutdown of BELSORP-max

Refer to “Exiting the measurement software and shutdown of BELSORP-max, P. 166”.

/N When the liquid nitrogen level drops below the sample section or the saturation vapor pressure PO
port, the adsorbed or condensed nitrogen or argon on them may evaporate and generate higher
pressure than atmospheric pressure. This may not only cause an error of the measurement data,
but also may result in damage to the instrument since it raises pressure in the glass tube, and over
time the glass tube is detached from the instrument connection port. This measurement software
aborts the sample measurement and degasses the system automatically, when the measurement port
pressure exceeds 130 kPa, or the saturation vapor pressure measurement port pressure exceeds 110
kPa.  Careful attention is required when you perform measurements for 60 hours or more (For

low-pressure measurement, the software manages the time elapsed, and performs the specified

post-treatment (post-dead volume measurement, etc. ) forcedly, when the measurement lasts 60

hours or more. ).
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000 Starting the BELSORP-max main unit and the measurement software 000

1. Starting the BEL SORP-max main unit

1 . Turn on the power switch on the back of the unit. The power indicator on the front of the main unit lights on.
2 . Turn on the rotary pump.
3. When the instrument has not been used for a long time period, refer to “Installing and replacing gas cylinders,

P.90”.

4 & Caution )

(D Turn on the instrument first, and then turn on the pump.

When power is supplied to the rotary pump from an external power supply, and the rotary

pump is turned on with the instrument turned off, air may be sucked from a vent valve

opened. This may result in overheat or failure of the pump.
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2. Starting the measurement software

1 . Verify that the main unit and the personal computer are connected properly using a connection cable.

2 . Check that power is supplied to the instrument.
3. Turn on the personal computer, and start “Windows”.

4. Select “Start” > “Program” menu > “BELmax” > “BELmax”.
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5. The measurement software starts, and the “Main” window appears. When the current status is displayed for

the following items, startup is complete (The screens shown below are those in the Windows XP mode.).

*Current date and time
-Pressure gauge (PO to P4)

-Manifold temperature (TIC1)

 (S/N.00001)BELSORP.max [Weasurement progr am]

BELSORP-mex(S/.00001)

Gas selector—

Maniforld temperature

ssssss

Current date and time
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The following items are displayed when you select them as options.
- Gas selector (V13 to V17)

-Flow gas pretreatment line (V12)

6. In the event of error in the communication line, including such cases that the main unit and the personal

computer are not connected properly using a connection cable, the “Communication error” window is displayed.

Check the power supply to the main unit and the connection.

(5/M-00001)BELSORP-max [Error found]

[Communication error]

1.Check if BELSORP -max is on.
Z2.Check the cable hetween computer and BELSORP-max.

* |If the valves (V1 to V10) still remain as opened manually when the software was used previously, all valves close

when the software starts.
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000 Pretreatment 000

Before you start measurements with BELSORP-max, perform weighing and pretreatment of the sample to be
measured. [When you perform pretreatment of the sample with this instrument (the software requests you to select
“weighing samples before the measurement” or “weighing samples after the measurement”), a message related to
weighing samples appears. Follow the instructions in the message. When you perform pretreatment of the sample
with an optional pretreatment device (BELPREP-flow Il, BELPREP-VAC II), weigh samples independently.]

This manual describes the sample pretreatment with this instrument (at pretreatment temperature using the heater,

electric furnace, or water bath).

1 . Start the BELSORP-max main unit and the measurement software.

2. Select the | Pretreatment | button on the “Flow

BELSORP-max(5/N-00001>

circuit diagram” window. BELSORP-1572x

BEL_L

Heater(450°C)
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3 . The [ Pretreatment parameter settings|
3 % wacuum pretreatmert  ( Flow gas J vacuum seguertial pretrestmer [ Blank Sample cel weight measurement
¥ High accuracy moce (AFSM) v Device [Waler hath R
. . Purge gas
window appears.  Select either | Vacuum 4 o T e S Fevn ]
|pretreatment | or | VaCUUm/ﬂOW gas | Pretreatment time |30 min Sample gas degass rate [Slow  ~
Pretreatment temperature |150 o
i Pretreatment termp. ramp rate |20 “Cimin

lsequential pretreatment | . The flow gas 5 ™

sequential pretreatment can be performed L

only when the flow gas pretreatment line is 7 staony | Measuremet
NEEE Load Sawe o, p:g:l"::t:v

provided.

[Pretreatment parameter settings]

 Wacuumretrestment  ©* Vacuum / flow gas sequential pretrestment v Blank Sample cell weight measurement

[V High sccut\ey mods (AFSH) ¥ Device [Heaterasoecy  =| | VYeigh sample before measursment
No. of prefreatert samples Furge gas
v\port 1 ¥ Port3 N2 (M2) -

1.00
20.00

STEP NO| Time(min sec)\Temp | Time for stakiity(min.s=c) | Evacuation| v1 | Naev2) [H2o0v3) | ve | vs | ve| w7 |va| 1
1

1
E0.00 1
90.00 1
30.00 1
30.00 1

Measuremet
parameter
settings

Start only

e pretreatrnent




4. Specify the AFSM, device, and pretreatment samples.

When you measure with a dead volume reference cell, check AFSM (Port 2 is

AFSM

used for the reference cell.).

When you use an adsorption temperature device, check Device and select the
Device device using E button. Setting for the device shall be in accordance with

“Optional settings, P. 107”.

Pretreatment samples

Port1to 3

For the sample cell to be used, check Port 1, Port 2, or Port 3.  The port used for
the dead volume change measurement is not displayed, and cannot be selected.

Check at least one of them.

5 . When the vacuum pretreatment is selected, specify the following items.

Pretreatment time

Enter the pretreatment time in minutes (contein none of rump time).

Pretreatment temperature

Enter the pretreatment temperature in °C. Specify the temperature from the

personal computer when the device is the heater or electric furnace.

Pretretment temp. ramp.

rate

Enter the pretreatment temp. ramp. rate in °C /min™ .

450 °C / 550 °C heater:
Setting pretreatment temp. ramp. rate 1-20 °C min*
Electric furnance (- 1000 °C) :

Setting pretreatment temp. ramp. rate 1-100 °C

After heating enable to pressure attainment, first heated to “(Pretretment
temperature) — (Pretretment temp.ramp. rate)”, and then heated to “Pretretment

temperature”

Heating enable to pressure

Enter the pressure to start heating in kPa. When the pressure drops below the
specified level, the device moves up and it starts heating. Setting for the device

shall be in accordance with “Optional settings, P. 107”.

[ /N Please note that if there is a possibility of rapid heating to sccatter. J

Sample gas degassing rate

Select the appropriate sample gas degassing rate using E button.
Select “Slow” to degas slowly to prevent the sample from scattering.
Select “Normal” to degas stepwise to prevent the sample from scattering.

Select “Fast” to degas quickly.

Weighing samples before

the measurement

Check “Weigh sample before measurement” to weigh the sample after pretreatment.

When checked, a window appears to prompt you to weigh after the pretreatment.
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Check this when you measure the blank sample cell weight. When you check it, a
window appears to prompt you to install a blank sample cell. Once installed, it
evacuates the sample cell in the gas purging process. At the evacuation, a window

appears as shown on the right.  When you mistakenly install the sample cell with a

sample in it, select {5/M-00001)BELSORP -max [Confirmation]

Purging in the empty sample cell will be performed.

|pretreatment | or | Sklp |- Install blank sample cell to Port 1.
PreSS tO Stal’t Install blank sample cell to Port 2.

Install blank sample cell to Port 3.
Quit
pretreatment

Blank sample cell weight

measurement

evacuating the blank sample

skip ‘

cell.

Purging after the Check this to purge after the measurement. Select the purge gas using E

measurement button. It purges when weighing the blank cell and the sample.
[ & Warning: Do not purge with dangerous gas. ]
% 6 . When selecting the flow gas / vacuum pretreatment, specify the following items.
o))
g Specify the treatment time required for this step. The integer part represents the time in
é. Time (min., sec.) minutes and the decimal part represents the time in seconds. The sum of the minutes
% and seconds is the treatment time in this step.
g Specify the temperature to complete this step (when you use the heater or electric furnace
§ Target temperature that can be controlled from the personal computer). When it does not reach the target
temperature in the time specified, it waits until it reaches the target temperature +2 °C.
Time for stability Specify the waiting time for stability after the treatment time (min., sec.) is over. The
(min., sec.) integer part represents the time in minutes and the decimal part represents the time in
seconds.  The sum of the minutes and seconds is the time for stability.
) Specify the evacuation. Set to “0” not to evacuate, “1” to evacuate quickly, and “2” to
Evacuation '
1 evacuate slowly.
Specify the valve open/closed. Set to “0” to close, and “1” to open.
V1to 17 Only a single valve can be opened, out of V1 to V3, and V14 to V17. Otherwise, gases
are mixed. After closed, the gas accumulator is exhausted for 30 seconds.
) Specify the temperature device switch. Set to “1” to turn on the switch, which enables
pevice to set the target temperature.  Set to “2” to turn off the switch.
Specify the fan when the electric furnace is selected as the temperature device. Set to
FAN “1” to turn on the fan, which cools down the electric furnace rapidly. Set to “0” to turn
off the fan.
upP Specify to move up the elevator. Set to “1” to move itup.  Set to “0” not to move it.
Specify to move down the elevator. Set to “1” to move it down.  Set to “0” not to
oN move it.
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Specify the indication of the vacuum gauge P5. Set to “1” to indicate. Set to “0” not
WRG
to indicate.

Specify the turbo molecular pump. Set to “1” to start rotating. Set to “0” to stop
TMP
rotating.

This is used to insert a line to the line where a cursor is placed. The texts on the line
button

where a cursor is placed are copied onto the line inserted.  All the lines below the line

where a cursor is placed are shifted a line down.

This is used to delete a line where a cursor is placed. All the lines below the line

button

1 deleted are shifted a line up.

7 . Load and save the “pretreatment parameter settings” file, where applicable.

i Select the button to load the existing “pretreatment parameter setting” file. The
Load :
! file must have been saved using the button.
Save + Select the button to save the pretreatment parameter settings to the relevant file. %
- >
c
=
When selecting [ Load ] or [ Save ], the “Pretreatment =
- — Q
] ) . . Lookjn: [ Pre - e @i
parameter file” window appears. Specify the “location to load D g”n
from” or the “location to save in”. Select or enter the “File g?ﬂll _g
name”, and then select “Open” or “Save”. An extension of Bestia 8
“.Pv” is automatically set to the vacuum pretreatment parameter Mynfm.s
file, whereas “.Pf” is set to the vacuum / flow gas sequential Mémim
pretreatment parameter setting file. For the rules to enter a file jl
MyPIilait;Vsurk File name: [ Rel Open
name, refer to the Windows instruction manual. Fiesofype:  [Pretament parameei e (-Py] = Conce

8. Select the button to cancel the settings and finishi the pretreatment parameter setting.

Select the | Measurement parameter settings | button. Then the “Measurement parameter settings”

window appears. Parameter setting can be performed in sequence from the pretreatment to the measurement

(5/N-00001 )BELSORP-max [Confirmation]
128) . [Confirmation]

Are you sure, do you want to start pretreatment condition?

SeIeCt the | Start Only pretreatmend Adjust the heater(450°C) position not to break sample cell when raised up.

(refer to “Setting the measurement parameter, P.

Install a port plug to PO Port.

button. Then the “Confirmation” window as

shown on the right appears. Verify that the 8

sample cell has been removed, and then select
the button to start the pretreatment. ~ Select the button to return to the “Pretreatment parameter

setting” window.  Once the pretreatment starts, follow the instructions on the window.
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9. Install a blank sample cell to the relevant port,

and press the button. ~ Then, it evacuates
and purges (This is when selecting “weigh
samples before the measurement” or “weigh

samples after the measurement”. Proceed to step

11, when not selected.).

10 Remove the sample cell from the relevant port, weigh the

blank cell and the sample, and then press the button.

11 When using a device, install the relevant

device. Specify the pretreatment temperature
for the device that cannot be controlled from
the personal computer. Install the sample cell

that has been weighed to the relevant port, and

press the button.

Vacuum pretreatment

Vacuum / flow gas sequential pretreatment

0—

Qui
ll pretreatment

126

(5/N-00001 )BELSORP-max [Confirmation]

[Confirmation]
Install blank sample cell to Port 1.
Install blank sample cell to Port 2.

Install blank sample cell to Port 3.

pretreatment

(S/N-00001 )BELSORP-max [Confirmation]

[Confirmation]
Remove sample cells from the ports and

weigh the blank sample cell and sample.

—

10 ==t D
(S/N-00001 )BELSORP -max [Confirmation]

[Froc.1] Install a port plug to PO Port.

Set the heater (450 °C).
[Proc.2] Install sample cell to Port 1.
Install sample cell to Port 2.

Install sample cell to Port 3.

)

BELSORP-max{S/N-00001)

BELSORP | Macuum preweatmentf

BEL Pretreatment time 072 min

Quit measurement

Measurement time
0:01:12

BELSORP-max{$/N-00001)

" [Vacuum / flow gas sequential pretreatment]

STEP 1. Omind7secflmin0sec . 150°C/0°C

Quit measurement

Measurement time
0:01:22
W




1 2 . When “Weigh Samples before the (5/N-00001 )BELSORP-max [Sample weight]

Remove sample cells and weigh them.

Fort 1 sample weight ginat=0p

after the pretreatment, and then displays the e

“Sample weight” window. Weigh the
12 —t——t2C_ D

sample, enter the measured weight, and press

the button.

measurement”is checked, the system purges

13 When | Only start pretreatment | button is selected in step 8 it finishis the sequence. When

|Measurement parameter settings | button is selected, it proceeds to the measurement.  Follow the instructions

on the screen.
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000 Setting the measurement parameter 000

1. Start the measurement software, and select the button on
the “Main” window. It is not necessary to select the

button, when you navigate from “Pretreatment, P. 122” or “Duplicate

measurement, P. 156”.

2. The “Measurement parameter settings” window appears as follows.

Specify the conditions related to the adsorption measurement for the sample.

N Remove the sample cell from the measurement port.

(5/N-00001)BELSORP-max [Measurement parameter settines]

eSUring mode Jsing settings
& High accuracy mode (AFSM) ¢ Standard @ Relative pressure ¢ Absolute pressure

" Easy method & Detailed method
[ Save Dvd file name
First gas dosing amourt [300 om3(STP) g - Equilibrium
Mo of messureing rebative pressure range [6 = criteria
- Measuring refative  Excess dosing Allowance setting...
Operator ‘ J pressure range , _ zmount o __smount Equiibrium
*Port1 *F’onﬂ onT; DDD[EPJZD] cm=(STP) g S IETRI g i .crnarla
I~ SKIP 3 - 1.5 2 Criteria 1 =
CaADocuments and SettingsiTateishiyt ~|1.000E-1 0.3 1 Criteria1 |
Data file name
TRfN SO fMCE-port2 ~ |7.000E-1 1 10 Criteria 1 |
Sample ‘ cB j ~|9.000E-1 .. |25 10 Criteria1 =
H@gdegree Can ~|9.800E-1 - 13 24 Crileria'}.’ e . .
1. Measurement paraffieteis - [Ta0ET - [i5 = s H0SING pressure settings
Sample weight |0.20000 ainot=10) - =1
[ Enter sample weight after measurerment - [

Dead volume measurement
& Before measurement & Target relative pressure (PPD) — —( Equally spaced measuring relative pressure

" After measurement STEP | Tan
get | Ads Des |« || First refative pressure[4.100  x10[-2 PIPO;
" Input dead volume :I—Deadvolume 27.0000 ml 1| soo0E3| W | T & " ]
2| zooe2| @ | * Equally spaced PPO in logarithmic scale |5
e — « Meas. Temp.|Dewarvessel = 3| 002 @ | " Equally spaced PO in linear scale 1
ERELIT
Gas dosing valve 4| somoE2| | T " Constant quartity dosing
Adsorptive [N2 (v2) = assignment settings 5| 7oo0e-2| @ | 17 | »| | |Hohest adsorgtion relative [ ooy ™ pop,
(In adsorption y 1=
v Thermal transpiration Adsorptive settings Insert Delete | ||Lowsst desorption relative  [70070™ (ppgy

Molec. diameter [o 354 nm

{in desorption measurement)

e Saturation vapor pressure
iA diameter 170 mm ||+ Actual measurement E0tolerance 5 %
Giass rod uter [ o || O InputPof3 69 ke

diameter v Leak check (LOw pressure measUremen R
i

¥ Non-ideality correction of ads. gas [¥ Purge after meas Exhaualume"jﬂimm Leak amount |1.000E-2 }_a tlmﬁakm eq I( parameter Settlng

2nd virial coefficient |—4 328E-7 pPa’l ‘NQ (3] j }

Wax. refative pressure (PIPD) 0.95

Sample gas degass rale Sl v | re-measurement oo Load Save o
exhaust time parameter | parameter “
measurement
seftings seftings

Adsorption rate measurement

4. Load / Save 5. Start measurement

Gas dosing setting

 Easymethod
Equilibriom

v filgas ring relative pressure setiings criteria
setting

re " Absolute pressure

 Detailed method

3. When you select “Easy method” in “2 . Dosing pressure 3

setting”, the screen changes as shown on the right.

(% Target relative pressure (PFO) || (~ Equally relative pressure
STEP [Targel_[adsoes[=] | i oo xofz Ry
1| S000E-3| W | T & g

2| 2.000E-2| r N
2000 o © Equaly spaced PROinfncar scale |1
4|_5.000E-2| r ©
S| 7002 | ] | | Hihest actsorption relative
— (In adisorption measurement) o-0900 64
Insen Delete Lowest desorption relative o010 [0

(In desorytion measuremert)

Max,relative pressure (PIPO) 0.957

1% Leak check (Low pressure measurement) =
in
shausttime[30 min Leakamount[1000E-2  Paimin  gefing
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1 . Measurement parameters

1 . Select the measuring mode.

w
1 igh accuracy mode AFSMY  © Standard P

v Save DVd file name Please set DVd file name for save ‘

High accuracy

(AFSM)

Mesuri
1#- High accurawmnde(ﬂFSMi > Standard

2 v Save Ovd file name U Please set DV file name for save :)— 3

Select this mode when you measure the dead volume using a dead volume reference

cell. The dead volume changes as the liquid nitrogen level changes. The dead volume
data that was measured using a dead volume reference cell can be saved in the relevant
file (This mode is effective for the low-pressure measurement using liquid nitrogen;
however, it is not necessary for the measurements using the water bath or heater. ).
These files offer the dead value reference data to the subsequent sample measurement.
To save the measured [¢ Sgve DVdfilename dead volume data, check and specify

the “DVd file name for save”.

Standard

Mesuring mode-
1 R o

= )

v Load Dvd file name

Standard

Please set DVd file name for load

Select this mode when you do not measure the dead volume using a dead volume
reference cell. The dead volume changes over time during sample measurement.
Therefore, dead volume reference data is required when you do not measure the dead
volume using a dead volume reference cell. To refer to the file for the measured dead
volume data, check [ LoadD%dfile name and specify the dead volume
reference data for the “DVd file name for load”. At this time, select the dead volume
data that was measured using a dead volume reference cell with the same conditions as

those for the sample cell to be measured.
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2 . When [DVd file] is checked, select [Load] to refer to the file for the dead volume data, or select [Save] to save
the dead volume data measured using a dead volume reference cell to the relevant file. Once [DVd file] is

unchecked, [Load] or [Save] from/to the file is disabled.

3 Select the | Please set DVd file name| Input DYd file andclick “Save?.

button. Then the “Save Savein: |12 data = o« ok B~

. . v
DVd file” window appears. |_3 Eiﬁ?ﬁﬁﬁiﬁid
My Recen
Dgcument;
€
) ) Desktop
4 Specify the “location to load from” or i
the “location to save in”.  Select or L/
My Documents
enter the “File name”, and then select é!
“Save”.  An extension of “.DVd” is Mo ovider
automatically set to the DV file. Q_g Gty lnzzez00 o s |
MyNewok  Saveastpe  |Dve fie [Dvd) = Cancel
For the rules to enter a file name, refer Places
to the Windows instruction manual.
<
@
%}
c 5
C .
= . Specify the operator name. 20 operator names can Qperatar | Operator LJ
>
Q be registered at the maximum.
w
@
3
S 6
5 « Specify the relevant items for each measurement *Part1 ] Part2| ~Port3 |
. [ SKIP1
port (Port 1 to Port 3). Port 2 is used (to measure
Ciata file name Flease setfile name
the dead volume) when the AFSM measuring mode
Sample ]Carbun Black LJ
is selected; therefore, Port 2 is not displayed. Comment }
When “Leak check (low pressure measurement)” Sample weight |01 g {not= 0

is checked, Port 2 is not used for the low-pressure

measurement and it is not available for setting.
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7 . Specify the relevant items for the sample to be measured.

SKIP

Uncheck this when the relevant port is used for the measurement. When checked, the
relevant port is not available. Items of “Data file name” or below are not displayed.

The “ * ” mark is attached to the head of the port number to be used.

Measurement data file

Select the | Please set file name | button.

Input data file name and click “Save”.

Savein [ data =] - c¥ EE-
name )
y =) 03032006087
L‘».b | nan4z006.0aT
My Recent
Documents
@
Desktop
My Documents
My Computer
“(’_\g File name: [ 03052006 - Save
MyNewol,  Savessipe  [Datafla[DAT] |
Places
The “Save file” window appears. Specify the [location to save in], enter the [file
name], and select the button. An extension of “.DAT” is automatically set to
the file. For the rules to enter a file name, refer to the Windows instruction manual.
Enter the sample name. Press the E button to display the sample name list entered
Sample name

previously, and select the sample name from them.

Operator name

Enter the operator name.  Press the E button to display the operator name list

entered previously, and select the operator name from them.

Comment

Enter textual information related to the sample. 200 half-sized characters are accepted

at the maximum.

Sample weight
@)

Enter the sample weight measured. When “Weigh sample after measurement” is

cheeked, enter an approximate value.
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8. Each port is used as combined as follows.

Number of samples to be

Saturation vapor
pressure

measurement usi ng

Saturation vapor
pressure

measurement usi ng

; PO port PO port
measured :
; Dead volume Dead volume
measurement using measurement using
: Port 2 Port 2
Low pressure | Port Port Port Port
measurement | PO 1 2 3 PO 1 2 3 | PO 1 2 3
1 i
sample O i
" E “ |m
2 E
X
samples ;
3 a
samples X
Sample cell Dead volume cell “Saturation vapor pressure PO port
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9. Check “Enter sample weight after measurement” where [ Enter sample weight after measurement

applicable.

When checked, the “Enter (S/N-00001)BELSORP-max [Sample weight]

sample Weight after Remove sample cells and weigh them.

1] H Port 1 sample weight o {not=0)
measurement” window appears e ————

Part 3 sample weight d (hot=0)

Enter sample weight : after post-treatment purging after

after measurement measurement. Enter the Cancel I oK |

sample weight to the relevant
port, and select the button. The system performs purging without exception;

therefore, specify the purge gas used for post-treatment purging.

10 . Select “Before measurement”, “After Dead volume measurement
f+ Before measurement
measurement” or “Input dead volume” for ™ After measurement

- 1 Prooo0
When Input dead valume Cead volume |27.0000 ml

“After measurement” or “Input dead volume” is selected, enter the dead volume.  During measurement, the

the Dead volume measurement.

adsorption is determined using the input dead volume.

Select “Before measurement” to measure the sample dead volume before adsorption
Before measurement
measurement.
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Select “After measurement” to measure the sample dead volume after adsorption
measurement using the “dead volume” entered to the right of the above screen.  Then,

the adsorption is re-calculated.

The nitrogen holding time in a fully filled Dewar vessel is 60 hours; therefore, the
system automatically stops the measurement and measures the dead volume when

the measurement time exceeds 60 hours, when you select “After measurement”.

When “Input dead volume” is selected, the sample dead volume is not measured.

After measurement |
Input dead volume

Enter the dead volume.

1 1 . Specify the adsorption conditions.
2ds. temp. |77.35 K

Adsorptive | M2 (W2) -
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Enter the adsorption temperature in K (Kelvin). The heater or the electric furnace
is controlled from the personal computer for the adsorption temperature.

Dewar vessel: Enter liquid nitrogen “77.0” to “78.0”.

Adsorption
Enter liquid argon “77.0” to “78.0”, or ““87.0” to “88.0".
temperature
Heater (450 °C): Enter “323.15” to “723.15” (when using an optional device).
(K)

Heater (550 °C): Enter “323.15” to “823.15” (when using an optional device).
Electric furnace: Enter “323.15” to “1373.15” (when using an optional device).

Circulation water bath: Enter “278.15” to “343.15” (when using an optional device).

Select N,, Ar, etc. (specified in “Gas dosing valve assignment settings”) using the E
Adsorptive name

button.

12 The measurement device can be selected from the devices checked in Meas.Temp.iDewarveaael _'j

“Optional settings, P. 107”.  When only “Dewar vessel” is checked in ]Dewarvesael :J

the optional setting, no measurement device is displayed. Select the D : el .
Heater{440°Z)

Heater{aa0®z)
Electric furnace
Water bath

13 To change the adsorptive name assigned to valve V2, V3, or V14 to Gas dosing valve
- - . 13 assignment settings
V17, select the | Gas dosing valve assignment settings | button.

The following “Gas dosing valve assignment settings” screen

appropriate device using the E button.
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appears.
14

(S/M-00001)BELSORP -max 'Zas dosing valve'assignment settings]

14 Enter directly the adsorptive name, or

[ 415 |CO -
[~ wig |02 -

select it using the E button (specified 15

+ \apor ( Gas

[~ w17 -
in  “Adsorptive settings”). When
i i Setling Close ]
checked, it can be selected from the list of
| |
“adsorptive  name”, and  “purge  after I
measurement”. 16

15 Select when you connect Vapor to V3 and use it as adsorptive, otherwise select [ Gas]

16 Select the | Setting | button. Or, select the button to close the window without any setting.

Return to the | Measurement parameter settings | window for additional setting.
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17 To change the adsorptive information (adsorptive name,

Adsorptive settings

17 =

molecular diameter, second virial coefficient, maximum dosing

pressure), select the | Adsorptive

button.

“Adsorptive
window appears.
of the

“second virial

The following D]
information  settings”
This information
“molecular

coefficient”, and

(S/M-00001)BELSORP-max [Adsorptive information settings]

Adsorptive |Mn\ec Diameter § nm ‘erd wirial f Pa-1 |Max dosing pressure [ kPa

-4.328E-7

18—

diameter”,

19— =

e || Adsorptive (N2, A, HZ0.) Delet

“maximum dosing pressure” is used

as the measurement parameter when the “adsorptive name” is selected in step 11

{ In order to save the information of the adsorbate changed during measurement in JKN, select in the measurement setting

screen after finishing measurement.

]

1 8 «  Specify the following items.

Adsorptive name

Enter the adsorptive name.

Molecular diameter

(nm)

Average molecular diameter is used for the thermal transpiration correction.

For nitrogen adsorption, enter “0.364".

Second virial coefficient

(Pa’t)

For the “adsorptive gas non-ideality correction”, enter the second virial
coefficient at adsorption temperature when applicable. When not used, it may

remain blank.

Maximum dosing pressure

(kPa)

For the vapor adsorptive, the system temperature is 40 °C. Therefore, it cannot be
dosed at pressure above the saturation vapor pressure at 40 °C.  Itis
recommended to enter the saturation vapor pressure at 30 °C (4.2 kPa in the case
of water) in consideration of non-uniform temperature in the manifold
temperature.  The vapor adsorption measurement cannot be performed since the
“Start measurement” button does not change from gray to black without this

numerical entry.

button

This is used to insert a line to the line where a cursor is placed.  Texts on the

line where a cursor is placed are copied onto the line inserted.  All the lines

below the line where a cursor is placed are shifted a line down.

button

This is used to delete a line where a cursor is placed.  All the lines below the

line deleted are shifted a line up.

For the molecular diameter and the second virial coefficient, refer to “ P.178".
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19 Select the | Setting | button. Or, select the button to close the window without any setting.

Return to the | Measurement parameter settings | window for additional setting.

20 For the thermal transpiration correction, check the box and specify = Tharmal transpiration
Malec. diameter |0 24 i

Sample cell inner 1‘—
diameter 7.0 T
Grazs rod outer Bl
: mim
dlismeter

the following items.

Molecular diameter
Enter the average molecular diameter.  For nitrogen molecule, enter “0.364”.
(nm)

Sample cell inner diameter ' The standard sample cell inner diameter is 7 mm. Change the setting when using

(mm) the sample cell with different inner diameter.

Glass rod outer diameter  The standard glass rod outer diameter is 6 mm. Change the setting when using a

(mm) glass rod with different outer diameter.
<
o 21 i
g . Select either the “Actual measurement” or “Input” mode for the Saturation vapar pressure
E " Actual measurement
= saturation vapor pressure.
= por p te Input POJ101.324 kFPa
o
&
3 | When “Actual measurement” is selected, the value measured at the saturation vapor
o Actual measurement
o ' pressure PO port is used as the saturation vapor pressure.
(7] T

Input E

i When “Input” is selected, change the “Saturation vapor pressure” where applicable.
(kPa) !
The setting range is limited as follows. QO: Available, x: Not available

Measurement device, adsorptive name, adsorption temperature

Dewar vessel Heater, electric furnace, circulation water bath
Setting range
N,: 77Kto | Ar77Kto | Ar87Kto | Except for the adsorptive name and adsorption
78K 78K 88K temperature listed on the left
Actual measurement O x (@) X
Input @) @) O O

22 When you perform the adsorptive v Mon-ideality correction of adsorption gas
o _ 2nd virial coefficient[-4 32867 Pa”!
gas non-ideality correction, check

the box and specify the second virial coefficient.

Second virial coefficient
When you perform the adsorptive gas non-ideality correction, specify the second virial

coefficient at adsorption temperature where applicable.

at the adsorption i
temperature 5
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23 . Select the sample gas degassing rate using E button. Sample gas degass rate|Narmal -

anrmaI -

Morrral
Slow

Slow 1 It degasses slowly to prevent the sample from scattering.
Normal It degasses stepwise to prevent the sample from scattering.
Fast It degasses quickly.

Generally, select “Normal”. When the sample scatters by selecting “Normal”, select “Slow”. Select “Fast”

only when you measure the palletized or granular-shaped sample that does not scatter.

24 This is the exhaust time immediately before the first adsorption FPre-measurement 2010

exhaust time 25t

measurement point is measured. It is defaulted to 300 seconds. Set the exhaust time where applicable.

25 . When you perform the purge after measurement, check this box. I Purge after measuremert

He /1) hd

Select the purge gas using E button. When “Enter sample weight

after measurement” is checked in step 9 the system performs purging without exception. Specify the

purge gas.
[ & Do not use dangerous gas for purging. ]
26 . *1 ¥ Adsorption rate measurement Setting
. To conduct adsorption rate measurement -, check A

adsorption rate measurement is an optional function.) The adsorption rate measurement is a single sample

measurement in Port 3.

In the adsorption rate measurement, pressure change at each measurement point of adsorption side is saved.
Further, since pressure change before equilibrium is reached is read with the pressure gauge at the Vs, it is
saved as one adsorption point once gas is introduced even when target relative pressure is not reached.

Therefore, the number of measurement points may increase than usual due to inappropriate amount of
excessive introduction. In the case of unknown samples, it is recommended to conduct adosorption rate
measurement after doing a generally adsorption measurement to determine the appropriate amount of

excessive introduction from the adsorption isotherm.
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When ML [ is selected, following window is displayed.

(5/N-00001)BELSORP-max [Ads. rate measurement setti...

i Mo. of record points
~
SIMRIE e qubiogantmicalintevan |10
® __if? Detail I I 0-[120 sec I Fast ®
S— T

(Equi-logarithmical intervaly

0-10sec
10-100sec
100-10005ec
000-10000sec

@ Setting Close

BNAK
@

Select “Simple” in order to save data (pressure value) at certain equi-logarithmical intervals from start of
measurement to equilibrium. The minimum data saving interval is the one point per second. Enter number
of record points of adsorption time at equi-logarithmical intervals in the column of “No. of record points”.
Larger input values result in increase of number of measurement points at each equi-logarithmical interval.

Select “Details” in order to specify data saving intervals each time. In the range of 0~120 seconds,
selection of “Fast” enables data saving of about 5~8 points™? per second. (*2 Saving intervals depend upon

communication intervals.)

[Method of setting “Details”]

®Select “Details”.

@Select “Fast” and enter the storage time (0-120 seconds can be entered).
“Fast” is prioritized within the time for which “Fast” is selected. In the case of above setting,
input values of “0-10sec” and “10-100 sec” are neglected up to 120 seconds.
When “Fast” is not selected, number of records at equi-logarithmical intervals input for each
time is saved.

®Enter number of records at equi-logarithmical intervals in “10-100sec”, “100-1000sec” and
“1000-10000sec”. For each time “0-500” points can be entered, and total number of saving is
2000 points.

@Select &, after setting conditions. Select L‘ to return to the window for
measurement condition setting.

®Rate measurement data are saved in “---.RAT” data. Conduct analysis using the rate
measurement analysis software BEL-Dyna®, or analyze RAT file (CSV type file) graphically

using the spreadsheet software.
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2 10£08/277, "0:58:387, "herosi | (Lot 041007, YT, 7150 degree 6 h",77.0
*002”, "BELSORP max”, “Verl.2.4”
09??4 26.56239,20.560150747715,0, "H207, 313,16, 288.15,3.169,0,0,0,0

1
LBE00137E-2, 4.0977071E-1, 3.0394105E-3, 2.0560154E+1, 0.0000000E+0, 3.0058677E-3, 2.0560154E+1, 2.0560719E+1
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. 2.0060438E+

.8800137E-2, 2.5592970E-1, 2.5736362E- 0.0000000E+0, 2.5721915E-1, 2.05B0466E+1, 2.0608282E+
.8800137E-2, 2.3304835E-1, 2.3451039E-

0. 0000000E+0,

E
E-
E-
E-
E-
E 430804E-1, 2.0560438E+1, 2.0604008E+
i

2l

.$304 T
1341253E-1, 3.223052

2 T, 1.8800137E-2, 2.1341253E-1, 2.1489301E-1, 2.0560414E+1, 0.0000000E+0, 2.1473452E-1, 2.0560414E+1, 2.0600339E+
13, 1[8692040E-1, 3.2230526E-1, 1.8800137E-2, 1.8692040E-1, 1.8827808E-1, 2.0580381E+1, 0.0000000E+0, 1.8811033E-1, 2.0560381E+1, 2.0595361E+
16, 1[6512438F-1 2 29NA%RF-1 1 RANNIATE-7 1 RRIRAANRE-T 1 BE51696E-1, 2.0580355E+1, 0.0000000E+0, 1.6634166E-1, 2.0560355E+1, 2.0591291E+
200, 1\00 .4156042E-1, 2.0560324E+1, 0.0000000E+0, 1.4137715E-1, 2.0560324E+1, 2.0588623E+
2%, 1. i i i J1725106E-1, 2.0560284E+1, 0.0000000E+0, 1.1706189E-1, 2.0560294E+1, 2.0582077E+
32, aMz2 Data on ane adsorptlon anaIySIS point LTB0BSYTE-2, 2.0560263E+1, 0.0000000E+D, §.1415926E-2, 2.0560268E+1, 2.0677281E+1
40, 6[95825320-2, $.23UnebES 1, 1LBBUUISIE=S, b.yoYLsdE-2, ¢ T18055BE-2, 2.0560238E+1, 0.0000000E+0, 7.0994342E-2, 2.0560238E+1, 2.0573462E+
50, B|2634126E-2, 5.2230526E-1, 1.8800137E-2, 5.2634126E-2, 5.4232760E-2, 2.0860217E+1, 0.0000000E+0, 5.4057605E-2, 2.0560217E+1, 2.0670292E+
63 . 3|9286638E-2, 5.2230526E-1, 1.8800137E-2, 3.9286638E-2, 4.0844406E-2, 2.0860201E+1, 0.0000000E+0D, 4.0685319E-2, 2.0560201E+1, 2.0667789E+
79, 3|0280126E-2, 3.2230526E-1, 1.8800137F-2, 3.0280126F-2, 3.1743561E-2, 2.0560190E+1, 0.0000000E+0, 3.1600519E-2, 2.0560190E+1, 2.0566087E+

100", }.4113506E BE-2, 2.5676331E-2, 2.0560182E+, 1
126 . }.0705637E TE-2. 2.2400026E-2, 2.0560178E+1, 0.0000000E+0, 2.2279572E-2. 2.0560178E+1, 2.0564339E+]
155 . |'ensasaap| Adsorption amount (STP)  fior 2! 5 0539409F 2, 2 0560176E+1, 0.0000000E<0, 2. 0424408E -7, 2.0560176E+1, 2. 0583007E+]
200 5 1. 7908315E s rrTTTeTE T ovo 1562, 1.9568653E-2, 2.0560175E+1. 0.0000000E+0, 1.9456648E-2, 2.0560175E+1, 2.0583810E+]
751 . 1. 7338337E-2. 71, 1.8800137E-2, 1.7336337E-2, 1.9083274E-2, 2.0560174E+1, 0.0000000E+0, 1.8972808E-2. 2.0560174E+1. 2.0563719E+]
306 . 7004%18E- T526E-1, 1.8300137E-2, 1.7004918E-2. 1.8300137E-2, 2.0560174E+1, 0.0000000E+D, 1.3600582E-2, 2.05B0174E+1. 2.0563686E+]

-999 -, -099
1.8800137E-2,1.25549,1.8800137E-2, 1. 8690082E-2

0.0000000E+0, 2.5547112E-2, 2.0560182E+1, 2.0584952E+

Equiliburium pressure

m Setting the dosing pressure

1 . Specify the adsorptive dosing pressure. Desired adsorption isotherm can be designed by specifying the dosing
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rate appropriately.

2 . Specify the items related to the dosing pressure.

Relative / When the “Relative pressure” indication is selected, entries and indications are in P/P,,.
Absolute When the “Absolute pressure” indication is selected, entries and indications are in kPa.
pressure Gas dosing settings

indication {* Relative pressure Ahsolute pressure

When easy method is selected, setting can be accomplished easily without detailed condition setting of

“target relative (absolute) pressure”, “excessive introduction amount” and “increase and decrease allowance
of adsorption amount”.
Quick /Easy /

When detailed method is selected, setting of “target relative (absolute) pressure”, “excessive introduction
Detailed
amount” and “increase and decrease allowance of adsorption amount” becomes possible. Conducting
method

detailed setting in accordance with necessary data enables to obtain data that better fit the purpose.

s Easy method: " Detailed method
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3 . When “Easy method” is selected, specify the associated items as follows.

Measuring relative

pressure settings

When this is checked, “Measuring relative
pressure in adsorption measurement” and
“Measuring relative pressure in desorption
measurement” can be specified. When not

checked, a predetermined value is used.

Gas dosing setiings
@ Relative pressure € Absolute pressure

" Detailed method

criteria
setting.

& Easymethod

v ieasuring refaiive pressire sefiings;

(+ Target relative pressure (PIPD)
STEP [Targst | Ads [Des [ =

€ Equally spaced measuring relsfive pressure

First relative pressurefa100 a2 prpoy

1| s00E3| @
3
2| 2o00E2| W | T Equally spaced PIPO in logarthmic scale |S
3 wooe2| o | T " Equaly spaced PO in near scale |1
4| so00e-2| W | I o
5| 7oooE-2| W | T |+ Highest adsorption relative 09900 o
) (]

i adsorption
Lowest desorption relaive 10070 (pg)
(In desorption measuremert)

Insert Delete

M. relative pressure (PIPO) 0.997

Adsorption relative

pressure higher limit

Enter the adsorption higher limit in relative

Low pressure

measurement

When “Low-pressure measurement” is checked,
measurements from relative pressure of 1E-8
are carried out in N,-77K measurements. In
the case of absolute pressure, measurements
from “Saturation vapor pressure x 1E-8” Pa are

carried out.

< pressure P/P.

@ P/P

@ (PIPo)

m - - -

c Desorption When performing the desorption measurement, e LT

- & Relative pressure (" Absolute pressure

— & Easymethod " Detailed method

) measurement check the box. U D D e

:Q Adsorption relative pressure 0990 oy setting.
. . . .. . . higher lirit

@ Desorption relative | Enter the desorption lower limit in relative = Dasorpon

QJ Desorption r’e\at\ve‘ﬂiﬁ\ﬁﬁm oy

_g pressure lower limit | pressure P/P,. S

®

& (P/Py)

[¥ Leakcheck

Skip
Exhausttime 60 min Leakamount 500062 Palmin geting

Check the low pressure measurement to perform micro-pore examination, analyze new analysis method

(NLDFT/GCMC method).  Untick the the low pressure measurement to perform steam adosorption

measurement, analyze old classical analysis (t method, BJH method etc...).
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4 . When “Detailed method” is selected, specify the associated items as follows.

When the “Absolute pressure” indication is selected, assume the “relative pressure” as “absolute pressure”, and

“P/Py” as “kPa”.

Initial dosing rate Specify the initial dosing rate (initial dosing rate for the 1st measurement point).

First gas dosing amaournt IS.EIEI cmS(STPj v} G

cm¥(STP)-g!

Number of measuring
Specify the number of “Measuring
relative pressure
relative pressure range”.
range

Measuring relative | Specify the “measurement relative

pressure range (P/Py) | pressure range”.

In the adsorption/desorption process,

the dosing pressure is determined so

that it reaches the “target relative %
. i . QD
pressure” specified.  With this g
Excess dosing calculation, however, dosing or =
amount exhausting gas may be repeated =
First ga= dosing amount 11 ) cmS(STP) ] =l Equilibrium w
3 1 R . Mo, of measureing relative pressure range |4— = criteria QD
cm’(STP)-g numerous times.  For this reason, Measuring relative  Excess dosing  Allowance seting... 3
pressure range 5 amour%t g amou%'ﬂ Eqquilibrium O
specify this excess dosing amount, GGt U RS S —
p fy 9 0~ 2000E-1 - |2 10 Critetia1 7| 8

which is added to or subtracted from |~ 00E-T. 10 Orteri= |

~|9.000E-1 - |5 15 Criteria 1 i

the dosing amount calculated from

1.000E+0 - 10 20 Criteria 1

|

the target relative pressure.

When the difference in adsorption

between the previous and current
measurement points exceeds this

Allowance amount | value, the current point is measured

cm¥(STP)-g! as an adsorption point, and plotted
on a graph, even if the equilibrium
pressure does not reach the target
relative pressure.
Select “Judgement 1 to 5” using |i|
Equilibrium
Judgement is based on the following
judgement

equilibrium judgement settings.

When this button is selected, the

Equilibrium

button

following “Equilibrium condition

settings” window appears.
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~ About excess dosing amount and allowable amount ~

1. Adsorption calculating procedure (Abridged edition)

Before describing the excess dosing amount and allowable amount, the following section describes the

adsorption calculating procedure.

1. As shown in the figure on the right, the Pressure sensor P1

pressure sensor P1 and P2 is mounted to the

“reference volume buffer: Vs” and “dead

volume: Vd”

Adsorbate = —> Exhaust line

in the system, respectively.
. Vs: This volume buffer has been

measured at factory prior to shipment and is
Pressure sensor P2

specific to the system.

. Vd: Since the volume of sample cell I Reference volume buffer (Vs)

[ Dead volume (Vd)

varies with each measurement, this

volume must be measured using helium gas.

2. To perform the adsorption measurement, thoroughly exhaust gas from the space of Vs and Vd.

3. Dose the adsorption gas only in the space of Vs. The gas amount nys dosed in the space of Vs can be

calculated from pressure sensor values before and after dosing. (At this stage, the space of Vs is in a vacuum

Before After
dosing dosing

state. )

Example 1:

Pressure sensor P1 Pressure sensor P1
Pressure sensor value: 0.01 kPa Pressure sensor value: 10 kPa

N /

Since the Vs has a known volume, the dosing amount can be calculated from the

reference volume buffer area and differences in temperature and pressure.
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Open the valve C. Since the space of Vd is Pressure sensor P1

in a vacuum state, the suction gas in the Vs

area flows into the space of Vd.

Adsorbate = —>Exhaust line
Close the valve C. Following the same

procedure as that for Step 3, it can be

measured how much the gas Any has reduced.
Pressure sensor P2

I Reference volume buffer (Vs)
|:| Dead volume (Vd)

For the space of Vd, it can be calculated how

much the gas amount Anyy has entered

according to the same procedure as that for the

space of Vs.

Normally, Anycalculated in Step 5 corresponds to Anygy calculated in Stop 6. However, if adsorption takes

place in the space of Vd, the pressure value will decrease, thus resulting in decreased Any4. The adsorption

has been calculated according to differences between these Anyand Any.

Pressure sensor P1 Pressure sensor P1

Adsorbate > —>Exhaust line Adsorbate 5 —»Exhaust line

<
)
QD
%)
=
=
>
o
»
QD
3
©
)
7

Pressure sensor P2 Pressure sensor P2
Gas is diffused Vs
from the Vs to o vd
the vd.

Vs

I vd
Part of internal gas
of the Vd area is
adsorbed.

Gas amount Any, reduced by Gas amount Anyg remaining after adsorption by

dosing gas in the \Vd area dosing gas in the Vd area

: It indicates that a difference in this gas

amount adsorbs the sample cell.

ANy, ANy

Increased gas amount in the

Reduced gas amount
9 sample cell area

in the reference

volume buffer area
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2. Targeted relative pressure (Absolute pressure)

Perform the actual measurement as follows in order to automatically proceed with adsorption (desorption).

1. Determine the amount of gas to be dosed in the space of Vs first. Dose gas in the Vs area so that pressure in
the space of Vd will come to a value set with the measurement parameter “Targeted relative pressure (Absolute
pressure)”.

Example 2: Suppose that the volume of the space of Vs is the same as that of the space of VVd and each space is

in a vacuum state. In such case, consider a case where the parameter “Targeted relative pressure” is set to 10 kPa.

Pressure sensor P1 Pressure sensor P1

In this case, the amount of gas to be dosed in the space of Vs comes to 20 kPa.

Adsorbate = —Exhaust line |::> Adsorbate > —>Exhaust line
Open the valve
Pressure sensor P2 Pressure sensor P2
. Vs . Vs
Z [ vd [ vd
@D
feb)
w
=
=
= .
o Dose a 20 kPa gas in the space of Vs. The pressure sensor P1 reads 10 kPa.
w
o))
[®)
@D
w

2. The example shown above does not take into account a case where adsorption (a pressure drop) occurs in the

space of Vd. When adsorption occurs, pressure in the space of Vd will drop to below the set “targeted relative

(absolute) pressure”.  Consequently, the pressure is adjusted so that when the pressure in the space of \VVd drops

to below the set “targeted relative (absolute) pressure”, the suction gas will be dosed again to raise the pressure
to the “targeted relative (absolute) pressure”. This adjustment is repeated until the pressure in the space of \VVd

reaches the “targeted relative (absolute)

pressure”. 9 | I

|Pmswe drops due to the ocowrence of adsorption

Open the vabve C to

doge gas.
Example 3: The following section shows 94
pressure changes in the space of Vd at the time \(/
. . ) D

of adsorption measurement in the case where 2 g , mgﬂsagﬁ! - .

g 05¢ Zas again
the parameter “Targeted relative (absolute) & \
ressure” is set to 90 kPa. D) N~
p 90 <F —— ry
*Pressure stabilization for adsorption and
desorption measurement can be set with the 98

— 0 1960 2000 3000

measurement parameter “Equilibrium”. Time (sec)

[t this poirt, decided that the pressure in the space of vd would| (At this poirt, decided that the pressume in the
IFall below the “targeted relative (sbeolute) pressure” of 90 kPa to| ppace of Vd has been stabilized approxdmately at
Hoes gas gain. PO kPa to procesd with the subsequent gas
Hoging secuence.
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3. Excess dosing amount

Example 3 shown above indicate that the system has dosed gas and waited for temperature stabilization three times to

collect isothermal data at a single point, thus taking approximately 2,500 seconds to collect data at a single point.
The excess dosing amount is a parameter used to increase the amount of gas dosed in the space of VVd and accelerate

the measurement.

Gas dosed in the space of VVd when the “Excess dosing amount setting” parameter is set to “Disabled”:

Dose gas only by the |am0unt of gas dosed to set pressure in the space of VVd to the “targeted relative (absolute)|

in the space of Vd.

Gas dosed in the space of VVd when the “Excess dosing amount setting” parameter is set to “Enabled”:

Does gas by the |am0unt of gas dosed to set pressure in the space of \Vd to the “targeted relative (absolute) pressure +|

lexcess dosing amount] in the space of Vd.

While gas was dosed three times in the case of the Example 3 shown above, using the excess dosing amount requires

dosing of gas just one time to facilitate measurement.

Example 4: Suppose that you want to collect isothermal data at a point with P/P, of “0.1” for a sample that can obtain

the isotherm shown below.

zotherm BAM P107 port-1.DAT

Adsorption / desorption isotherm

350
300
= 250

[
=
=]

V, fem’(STP) g
—
L
[=]

—
=]
=1

L
[=I =}

0 010203040506 07 0809 1

pipg

Set the “Targeted relative (absolute) pressure” parameter to “0.1” first. According to the isotherm, adsorption at
relative pressure of 0.1 is approximately 150 cm® g.  Therefore, set the “Excess dosing amount” parameter to 150
cm® g, Thus, data at the point having relative pressure of approximately 0.1can be collected in a shorter period of

time without repeating dosing of gas as shown in Example 3.

fCautions: h
- With the example shown above, when the “Excess dosing amount” parameter is set to “250 cm® g, even if the
“Targeted relative (absolute) pressure” parameter is set to “0.1”, a point with approximately 0.95 P/Po will be taken
as the adsorption point. To avoid that, do not enter a value exceeding the adsorption at the “targeted relative
(absolute) pressure” at which you want to collect the isothermal data in the “Excess dosing amount” parameter.

» The excess dosing amount is difficult to be set unless the adsorption of a sample, the shape of
adsorption/desorption isotherm, and others can be forecast. For entirely unknown samples, make measurement using
the “Abridged measurement procedure” and set measurement parameters as appropriate to make remeasurement.

- J
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4. Allowable amount

The allowable amount is a parameter used to set intervals to determine measurement points to the vertical axis

of the adsorption isotherm (cm® g™).

" R . B Adsarption / desorption isotherm BAM P10
Example 5: Suppose that the first point of the “Targeted relative & sen e e =

- 250
pressure” has been set to “0.1” and the “Allowable amount” parameter gf‘ 200
to “10 cm® g’ for samples that can obtain isotherm shown on the ME 150 L ;
right. Since the adsorption at the “targeted relative pressure” of E; 100 1 :
approximately 0.1 is approximately 150 cm® g?, 15 points 50
(150/10=15) will be taken as the adsorption points before the “targeted 0 3

0 0102 030405

relative pressure” reaches “0.1”.

prul

In contrast, in the case of the Type-l isotherm shown on the right,
when the “Allowable amount” parameter is not set and the first point of the “Targeted relative pressure” parameter is

set to “0.1”, the isotherm becomes a straight line (black dotted line) up to “0.1”, causing a deviation from the original

< isotherm.
)
5 4 D
< Caution
=
g - If the “Excess dosing amount” parameter is set to a value larger than that set with the “Allowable amount”
$ parameter, isothermal points cannot be taken at intervals set with the “Allowable amount” parameter. As a guideline,
.g enter a value equivalent to 50 to 80 % of the value set with the “Allowable amount” parameter as the “excess dosing
az amount”.

- J

5. When the [ Equilibrium judgement

button is selected, the 5—

“Equilibrium condition settings” window 6

{5/N-00001)BELSORP-max [Equilibrium condition settings]

1 Adsarption amount change for lﬁuu secis W\thinjw coig sec

" Pressure change for ‘SDD sec is within ]D 3 % of pressure

appears as shown on the right. Select
7 — [~ Pressure lowerthan |1 Paisregarded as euilibrium

8 Setting Close |]

“Equ. criterialto 5.”

6. Select one of the conditions out of

“Pressure change (Pa)”, “Adsorption amount change (cc g s) ”, “Pressure change (%)”, or “without

condition”. Enter the equilibrium time (sec) and the change limit.

7 . When the pressure below a certain level is regarded as equilibrium, enter the pressure and check in the box.
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8. Select the | Setting | button. Or, select the button to close the window without setting any item.

Return to the | Measurement parameter settings | window for additional setting.

9 . Select any one of “Target relative pressure” or “Equa“y (* Target relative pressure (PPD) -~ Equally spaced measuring refative pressure

STEP | Target Ads |Des | & First relative pressurew *10 ’—1_[PJPDJ

R R . 1) soo0e3) I+ | T % Equally spaced PIPO in logarithmic sca\e’ﬁ_

spaced measuring relative pressure”, “Constant quantity Dot et ||| et spocoaproninenrsone T
. 4| 7so0E-2| v [T o

dosing”. e[ 7 [ et e sy —erg

Insert Delete Lowrest des. relative pressure [ o g (PFO)

(In desorption measurement)

Max. relative pressure (PPO) 0997

10 . When “Target relative pressure” is selected, specify the associated items as follows.

Target relative
1 Specify the “target relative pressure” in the adsorption
pressure | !
! measurement. :
(P/Po) {* Target relative pressure %
' i When checked, the target adsorption relative pressure ! STER [Target  [Ads |Des | - bt
Adsorption ! o ' ! 1| 2000E-2| W | [ c
1 on the line is effective. ; o[ ao00Ez| W | T g
When checked, the target desorption relative pressure 3| S.500E-2) v [T Q
Desorption | ; 4 FoooE-2| W | T »
: on the line is effective. s BemE2| o | T |- g
| Press the button to insert a line of step. It ! Insert Delate =
Insert | | B —_— D
' can be added up to 99 steps. E L
! Press the button to delete a line of step. !
Delete : |
+ It is can be deleted to a single step.

1 1 . When “Equally spaced measuring relative pressure” is selected, specify the associated items as follows.

Enter the relative pressure to start

adsorption.  The adsorption points are
1 Equally spaced measuring relative pressure

First relative pressureh oo x10 1-? (PPO

* Equally spaced PP in logarithmic scalke [

=" Eqjually spaced PPO N liniar scale 1
™ Constant gquantity dosing

Highest ads. relstive pressure
(In adsarption measurement) 0.590 (PR}

Lowvest des. relative pressure 0.500 EREO
| [In desorption measurement) _ ¢ )

equally spaced from the first relative
First relative pressure i pressure to the highest adsorption

(P/Py) relative pressure.
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1 Equally spaced measuring relative pressure
First relative pressureh oo x10 J-? (PPO
* Equally spaced PP in logarithmic scalke [

=" Eqjually spaced PPO N liniar scale 1
™ Constant gquantity dosing

Equally spaced in Select one. For the equally spaced in

logarithmic scale logarithmic scale, and the equally
spaced in linear scale, enter the

Equally spaced in number of  adsorption/desorption

Highest ads. relative pressure
linear scale points. (In adzarption measurement) EE (R0
|Lowvest des. relative pressure 0.500 (PP
With “equally spaced in logarithmic & | (ndesorption measuremert)
Constant quantity scale”, the specified numbers of
dosing adsorption/desorption  points  are

equally spaced in a logarithmic scale.
With “equally spaced in linear scale”,
the specified numbers of
adsorption/desorption points are
equally spaced.

In the “constant quantity dosing”, the
adsorption/desorption points reflect
the first line of excess dosing amount.
The lower limit of input value is

“0.01".

Highest adsorption Enter the highest adsorption relative

relative pressure pressure.

<
)
QD
»
=
=
>
o
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<)
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)
)

Enter the lowest adsorption relative

pressure. The desorption points are
Lowest adsorption
equally spaced from the lowest

relative pressure
adsorption pressure to the highest

adsorption relative pressure.

12 . Specify the equilibrium relative pressure allowable range.

FiFD tolerance |I].1 %

It cannot be specified when the “Easy method” is selected.

Specify the allowable range to clear the target relative pressure. When the difference
P/ P, tolerance

(%)

between the relative pressure during measurement and the target relative pressure is within

the range, it clears the step and proceeds to the next step.
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2. Setting the leak check

In order to check the vacuum and the amount of pressure increase in the sample portion before measurement,

v Leakcheck check.

Exhausttime 180 min Leak amaount |5.000E-3 Paimin

To measure adsorption isotherm from extremely e —

low pressure (p/py = 1E-8), be sure to do “Leak check”. [Re-evacuating]

The vacuum degree will be measured again.
Pressure increase in the last measurement
Port1 6.034E-1 Paimin (Standard 1.333E-4Palmin)
Fort3 5.254E-4  Paimin

In leak check, exhaust the sample cell for the specified

“exhaust time”, close the valve of the sample portion,

) Total evacuation time 6 Time 7 min
and check the amount of pressure increase. If the To recheck vacuum 5 Time 53 min
Ultimate pressure is not enough for measurement.

pressure increase is more than the specified “leak

P i
measurement measurement

amount”, the window shown on the right is displaied,

and repeats evacuation and leak check until it drops below the “leak amount”.

Setting of “exhaust time” and “Leak amount” can be changed even during leak check. Selection of
button forcedly starts measurement.

The leak check results are saved in the “VAC.CSV” file in “Send Data” folder of the “BELSORP-max” folder.

Refer to the results to check the leak amount (Note that “VVAC.CSV” is overwritten at every leak check).

If you check “Leak check”, “Measurement time” and “Elapsed time” are displayed on the measurement screen.
They count the following times, respectively.
Measurement time-----It counts the measurement time that excludes leak check. Refer to it as an indication of time

period after the Dewar vessel is filled with liquid nitrogen.

Since measuring devices other than a dewar are set in the main unit before a leak check starts, each measuring
device rises automatically if a leak check is passed successfully with a result of “Not larger than allowable pressure
rise”.

When a dewar is used and if it needs to be raised automatically after a certain time of a leak check, set the following

conditions. (This function is only for dewars.)

1 . Select “Leak check” on the measuring condition setting screen.

(5/N-00001)BELSORP-max [Leak check detaill

2. The window to the right appears when %is selected. If

the leak check is not passed even when a specified measuring
k= |the measurement time is less than [1 b

time (a time while the liquid nitrogen can be retained) has elapsed,
Abort the measurement

select “Abort the measurement”, “Start the measurement”, or

Gancel | QK

“Continue leak check”. (The selection can be changed even after

the leak check starts.)
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3. set a dewar when the confirmation window to the

[Proc.1] Fill the dewar with LN2 and put the insulation cover on the
dewar.

right appears before a leak check after starting the | prac.2

measurement. Leave DVd cell of Port 2 as it is.

Install sample cell to Port 3.

Select if you set a dewar after a Quit o ot Dewar lnter
measurement H H

leak check is finished. In this case, a window

appears to instruct you to set a dewar after a leak check is finished. Set a dewar following the instructions on
the window.

After a leak check is started and if it is not passed with the setting value, the window below appears and the

leak check is performed again.

(5/N-00001)BELSORP-max [Re—evacuatiine]

[Re-evacuating]

The vacuum degree will be measured again.

Z Pressure increase inthe last measurement

D Port3 1.97BE+2 Pa/min {setvalue 5.000E-3Pa/min)
QD

w

o Total evacuation time 0 hour 1 min

:_ To recheckwacuum 0 hour 0 min

> Ultimate pressure is not enough for measurement.

o Start Quit

w detail measurement measurament
QD

=]

@D

w

[When a dewar is set later]

- Detail .
The screen to the right appears when [Leak check detail] is [

Fill the dewar with LN2 and put the insulation cover on the dewar.

Automatically start the measurement when leak check is passed

selected.
Accaptable pressure increase [| DO0E-2  Pa/min

Device settin
Select 4 if a device is set during the check. If it is selected,

the screen is changed to the one shown at the right below.

Gance| | ] oK i Device setting

[When a dewar is set from the beginning]

is selected.

The screen to the right appears when

(S/N-D00D1)BELSORP-max [Leak check detail]

Settineg of device operation when leak check is passed

Select m if coolant (liquid nitrogen) is replenished. The

liquid nitrogen retention time (remaining time of measurement) is reset.
Values, such as an allowable pressure rise value, can be changed during a | [Gentiue lesk check = ]the measurement time is less than B hr.

leak check. A dewar having been set once can also be set again after a Measurement time: Another Shr 59min  Refill caalant
GCancel QK | Set later |
Set later
leak check (Select Q).
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3. Load /Save

1. Load or save the “Measurement parameter

Load Save Start
Cloge parameter parameter measurement
settings” file, where applicable. Q SElling ST
© Select the button to load the existing “Pretreatment parameter setting” file. The
Load '
| file must have been saved using the button.
Save Select the button to save the pretreatment parameter settings to the relevant file.
2 . When you Select | Load | or | Save |’ the Select a measurment parameter setting file and click "Open®. E]

Lookin: [ data =] 4 £t B
1U3U12UU5.]kﬂ

“Measurement parameter setting file” window

&

My Recent
Documents

appears.  Specify the “location to load from” or the @

“location to save in”.  Select or enter the “File

name”, and then select “Open” or “Save”. An Myoﬁmems D

9]

H [13 7 13 ” 13 ” H - U)

extension of “.JKN”, “.JL”, or “.JR” is automatically 333 c
My Computer

=

set to the measurement parameter setting file. For ‘*3 5

h | il ; he Wind Mypr‘»letwnlk File pame: [ = Open o

the rules to enter a file name, refer to the Windows SR Measurement paamete fis [JKN) - Cancel w

i L JE) = o}

instruction manual. Moaa et ftarete s gt il 1) 3

Measurement parameter file (“JEN 2L JR) -O

File types o

Measurement parameter setting file (*.JKN):

to load or save the settings of 1. measurement parameter, 2. dosing pressure

Measurement parameter setting file left half (*.JL):
to load or save the settings of 1. measurement parameter on the left half
Measurement parameter setting file right half (*.JR):

to load or save the settings of 2. dosing pressure on the right half

Limit of the measurement parameter entries
To prevent wrong measurement parameters from being entered, BELSORP-max limits parameter
entry according to the instrument specification. When you attempt entering any parameter beyond the

limitation, the value you entered is modified to the upper or lower limit value.

4, Starting the measurement

ip . . Load 5
1. After specifying all the items, press the | Start e (el ‘ Start
Close % : measurement
settings settings

button to start the measurement.
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The measurement starts according to the measurement conditions predetermined in steps 1 to 3

When you navigate from “Pretreatment, P. 1227,

Save
Close parameter parameter G
select the | Start pretreatment | button to start the | seflings..]| eeftings
pretreatment.
Load Save
o parameter parameter ‘
When the | Start measurement | button cannot be 4 settings sefings '

selected, there are some items remaining that must be specified (e.g. measurement data file name, etc. ).

. . (5/N-00001)BELSORP— [M t t 18
Spec|fy all the relevant items.

Mesuring mode
" High accuracy mode (BFSH) & Standard

If Measurement start| button cannot be selected, there are unset O ‘

items. When main input items (Dvd saving file name, measurement operator | =
| Port 2 | S|

data file name, adsorptive setting, saturation vapor pressure) are not ERET

input, items that are not input are displayed in red as shown in the Sample [ carbion black384) |

Cornrent [305 degree G 3 h

- - - [
window on the right. ~ Set those items. Sarmple weight [T g ral= 3

. {S/N-00001)BELSORP-max [Confirmation]
2. Press the button to cancel all the settings m et

[Confirmation]

Are you sure, do you want to start pretreatment condition?

specified, and return to the “Main” window.

Adjust the heater{450°C) position not to break ple cell when raised up.

Install PO cell or port plug to the port.

No
“Confirmation” window (on the right) is displayed. [ RUSE Ry e i)

[Confirmation]

Verify that the sample cell has been removed, and Do you want to start measurement?

select . Or, select to return to the Install PO cell.

“Measurement parameter setting” window. After

3. Select the | Start measurement | button. Then the
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measurement is started, follow the instructions on

the screen.

When | Start measurement | is selected, the “Confirmation” window (on the right) appears.  Select .

Or, select to return to the “Measurement parameter setting” window. After pretreatment is started,

follow the instructions on the screen.  You can perform continuously from pretreatment to measurement.
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000 Preparing the Dewar vessel and installing the sample cell coo

On the “Measurement parameter setting” window,

select the | Start measurement | button. Then, the system

adjusts the pressure gauge. When the

window appears as shown on the right, prepare the Dewar

vessel and install the sample cell, and then select the
button (A similar message appears when you use

the water bath, heater, or electric furnace.).

1. Preparing the Dewar vessel

(5/N-00001)BELSORP-max [Confirmation]

[Proc.1] Set the heater (450 °C), connect the cable.
[Proc.2] Install sample cell to Port 1.
Install sample cell to Port 2.

Install sample cell to Port 3.

Quit
pretreatment

N The Dewar vessel is made of glass. Careful attention is required for the handling.

N Do not drop the fitting into the Dewar vessel. It may be dangerous because the Dewar vessel glass may break.
Remove the ice or water adhered to the Dewar vessel and the heat insulation cap, before the sample measurement.
Do not turn on the Dewar vessel lifting-switch during the sample measurement.

1. Install the Dewar vessel to the main unit, according to “ How to install/remove the Dewar vessel, temperature

measurement device P.61".

2. Fill the Dewar vessel fully with liquid nitrogen. The Dewar vessel volume is about 2.6 L, and it retains for 60

hours.

3. After the Dewar vessel is filled with liquid nitrogen, install a heat insulation cap.

pin to the set hole on the heat insulation cap.

Insert the Dewar vessel set
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2.
1.

4.

Installing the sample cell

Install the sample cell, dead volume
reference cell, and PO cell to the
measurement port according to the
instruction on the “Confirmation”

window.

Insert a glass rod to both the sample
cell and the dead volume reference
cell (when measuring the dead

volume).

Install the sample cell after removing
fitting and o-ring. When the sample

cell is installed with the fitting still

Sample cell and Glass rod

Dead volume reference cell

attached, it may deform the o-ring, and accordingly it may result in vacuum leakage.

sample cell from the instrument, the o-ring may remain inside the connection port.

o-ring inside the connection port.

|

PO cell (right)
o-ring (upper left)
Securing screw (lower left)

When you remove the

Verify that there is no

Attach the fittings to both the sample cell and the dead volume reference cell, while paying attention not to use

it upside down.

Descriptions in parenthesis (< >) are for the PO cells.

N Do not drop the fitting into the Dewar vessel. It may be dangerous because the

Dewar vessel glass may break.

<
-

Viton o-ring 8
Sleeve 7

N

5 . Attach the heat insulation sleeve to the sample cell.

6 . Attach the sample cell securing-nut <securing screw>.

7.

Attach the sleeve.

N Do not use a heat insulation sleeve when using the BELSORP-max heater in the

pretreatment or the measurement.

= It may result in a fire.
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Sample cell securing nut

Sample cell

y

Heat insulation sleeve
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8. Attach a FKM (black) or FFKM (white) o-ring < o-ring >.  The measurement section is sealed with this o-ring

pressed on the sample cell and the measurement ports. Verify that the o-ring is not damaged, and no foreign

material is pressed onto the o-ring. If air flows into the measurement section from outside, it may affect data

accuracy. Replace the damaged o-ring, if any, with a new one.

9. Insert the filter (with a FKM (black) or FFKM (white) with o-ring) to the top of the sample

cell.

10 Hold the sample cell firmly, and insert it to the sample port until it contacts the metal wall

in the fitting. Tighten the sample cell securing-nut by hand.
1 1 . Slide the heat insulation sleeve halfway down of the sample cell.

12 . Set the sample cell in place, and press the button on the “Confirmation” window.

155

<
)
QD
%)
=
=
>
o
»
QD
3
©
)
7




000 Duplicate measurement 000

In the duplicate measurement, continuous adsorption measurement (up to 10th) can be performed by selecting
“Chemisorption measurement” or “Customized setting”.  In chemisorption measurement, adsorption measurement
is performed continuously with a fixed set of measurement parameters. In the customized setting, it is performed

continuously with various measurement parameters.

BELSORP-max{S/N-00001)

1. Start the BELSORP-max main unit and the BELSORP-/77x
BEL .

measurement software. Pretreatment

Measurement

Duplicate meas.

2. Select the | Duplicate measurement | button

on the “Flow circuit diagram” window.

g 3 . The “Duplication measurement parameter
w
= settings” window appears.  Select “Chemisorption measurement” to duplicate measurement with a fixed set
> . . . . .
Q of measurement parameters, or select “Customized setting” to duplicate measurement while changing the
w
g measurement parameters, including the gas dosing port, adsorption temperature,leack check,dead viume
=3 measurement, weight sample measurement  etc.
('D .
Z When “Chemisorption measurement”
iS Selected s eCify a Sin |e Set Of Duplicate measurement parameter settings
! p g 3_  Chemisorption measurerment (¢ Customized setting
pretreatment, measurement parameters 10"~ th adsorption isatherm Sample gas degas rate |Slow
. . . Pretreatment parameter Measurement parameter flertreatment timefmin
since the measurement is duplicated it Setthe e —
with the fixed set of parameters. Ind Setine fie 0
Ird Setthe file 0
When “Customized setting” is selected, " et tis N
specify the preatreatment, 4 i setnene. | o
Bth Setthe file 0
measurement parameter for every i P ——— —
measurement of n-th adsorption. in Setthe file o
gth Setthe file 0
However, numebrs.of Sample cell, o o— )
kind of sample cell, sample gas degas T
rate are fixed to these parameter Load ‘ Save ‘ [CEE Jl
selected 1st. Adsorptive becomes
one choice gas either in steam. 7

* “Chemisorption measurement” is selected only the Dead volume measurement before measurement.
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4. Set the following items.

n-th isotherm

Enter the degree of duplicated measurement, in a range of 1 to 10.

Pretreatment parameter

Specify the pretreatment parameter. Select the button on the line (degree) to
specify. The “Pretreatment parameter settings” window appears. For setting, refer
to “Pretreatment, P. 122”.

-Button function on the “Pretreatment parameter settings” window-

o | | e | e |

Select the button to load the existing “Pretreatment parameter settings” file.

Select the button to save the “Pretreatment parameter settings” file, return
to the “Duplicate measurement settings” window, and associate the file with the
duplicate measurement parameter.

Select the button to overwrite the “Pretreatment parameter settings”
file, and return to the “Duplicate measurement settings” window to associate the file
with the duplicate measurement parameter.

Select the button to cancel the settings, return to the “Duplicate
measurement settings”, and disable the pretreatment on the line.

Select the button to cancel the settings, and return to the “Duplicate

measurement settings” window.

Measurement parameter

Specify the measurement parameter. Select the button on the line (degree) to set.
The “Measurement parameter settings” window appears. For setting, refer to
“Setting the measurement parameter, P. 128”.

-Button function on the “Measurement parameter settings” window-

Load Save
Close J p:;hn;:lser p::;:;‘n':at;r Overwrite ‘

Select the | Load parameter settings | button to load the existing “Pretreatment

parameter settings” file.

Select the | Save parameter settings | button to save the “Pretreatment parameter

settings” file, return to the “Duplicate measurement settings” window, and associate
the file with the duplicate measurement parameter.

Select the button to overwrite the “Pretreatment parameter settings”
file, and return to the “Duplicate measurement settings” window to associate the file
with the duplicate measurement parameter.

Select the button to cancel the settings, and return to the “Duplicate

measurement parameter settings” window.

Sample gas degas rate

Select these sample gas degas trate of Sample cell.

After treatment time (min)

Specify the degassing time (minutes) after the adsorption/desorption measurement.
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5. Load or save the “Duplicate measurement parameter settings” file, where applicable.

Select the button to load the existing “Duplicate measurement parameter

relevant file.

Load 5

! settings” file. The file must have been saved using the button.

! Select the button to save the duplicate measurement parameter settings to the
Save :

6. When you select | Load | or | Save | the

Select a Duplicate mesurement parameters file and click “Open”.

Lock jn: |i-:'_7\kn j L] = B

“Duplicate measurement parameters file” window

My Recent

appears.  Specify the “location to load from” or Documerts

the “location to save in”. Select or enter the “File Do

name”, and then select “Open” or “Save”. An

My D ocuments

extension of “.REP” is automatically set to the

My Computer
For th les t It fil fer to th “3\
or tne rules to enter a Tile name, reter to the ctwor fle name: = =
e d (o]
Files of type: |Duplicate measurement parsmeter fils (*REF) | Cancel

duplicate measurement parameter setting file.

Windows instruction manual.

When all items are specified, use the | Start measurement | button

Mesuring mode

to start measurement. Measurement is performed according to the © High accuracy mode (AFSM) & Standard
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I Load D¥d file name

measurement parameters specified in the above steps 1 to 3

Operator ‘ j

| Port 2 | |
When the | Start measurement | button cannot be selected, there

=
are some items remaining that must be specified (e.g. Dvd saving

Sample | carbon black#3845) -
file name, measurement data file name, adsorptive setting, Comment [305 degree C3h

|
Sample weight |0.2 g (not=0)

saturation vapor pressure, etc.). When main input items are not

input, items that are not input are displayed in red as shown in the
window on the right. Set those items.  Specify all the relevant items. Use the button to cancel

all the settings specified, and return to the “Main” window.
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Windows during measurements

000 “Main” window 000

The “Main” window of the measurement software consists of the “Flow circuit diagram™ window, the “Trend
graph” window, and the “Adsorption/desorption isotherm™ window. These windows provide information about the
instrument operating status, pressure variations, measured data (adsorption isotherm), etc. in real time during the
sample measurement. You can control the valve operation (V1 to V17) from the “Flow circuit diagram” window

(For the stop valve operation from the “Flow circuit diagram” window, refer to P. 84. ).

1. “Flow circuit diagram” window 3. *“Adsorption/desorption isotherm”

&2 (S/N-00007)BES drement programi

RP-max(S/N-00001)

[Dead volume (ads. tetnp.) measurement]

ar
Measurement time
1:20:43

o |

BPQ WP1 P2 P3 P4 PS5 MWT, UHT.

Status 2006/03714 14:31:42
)~

2. “Trend graph” window
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000 “Flow circuit diagram” window 000

1. while measuring

BELSORP-max({S/N-00001)

[Dead volume (ads. temp.) measurement]

The “Flow circuit diagram” window appears as shown on the
right while measuring. The stop valve status, pressure, and

temperature can be monitored. The buttons and their functions on

Measurement time

the window are as follows (The stop valves can be operated L,
manually even while measuring; however, do not do this because it

may cause measurement error. ).

The pretreatment parameters can be viewed during sample pretreatment. Including
Pretreatment

“pretreatment time”, it can be changed during pretreatment. Select the | Setting
button to change the settings. Use the button to close the window.

The measurement parameters can be viewed during sample measurement.

Including “dosing amount”, it can be changed during measurement. The setting

| Measurement parameter| | range depends on the measuring status. Change the relevant items, and select the

Setting | button to update the settings. Use the button to close the

window.
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The duplicate measurement parameters can be viewed during sample measurement.

Including “after treatment time”, “pretreatment parameter”, and ‘“measurement

| Duplicate measurement| parameter”, it can be changed during measurement. Change the relevant items, and

select the | Setting | button to update the settings. Use the button to

close the window.

Select on the following “Confirmation” window to finishi the current

measurement, and perform post-treatment.

(S/N-00001)BELSORP-max [Confirmation]

[Confirmation]

| Quit measurement |

Do you want to terminate the measurement?
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The software version information window appears.

W Version info.

@ BELSORP-max(S/N-00001)

Wersion Verl. 2.9

Span adjustment | Crptional settings . ‘ True density meas. |
Adjustment Vs Adjustment VB aystemn chack
needle valve needle valve ¥
Exchanging oas Furging the Degassing in the
cylinder manifald liguid adsorptive
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While not measuring

The “Flow circuit diagram” window appears as shown on the —EEEEEEET)

right while not measuring. You can control the stop valve

operation. The pressure and temperature can be monitored.

The buttons and their functions on the window are as follows.

/N When you operate the valves manually, careful
attention is required to prevent toxic,
flammable gas from being discharged, and to
prevent the turbo molecular pump from being
overloaded.

Select this button to pre-treat the sample. When the | Pretreatment | button is

Pretreatment

selected, the “Pretreatment parameter settings” window appears.

Select this button to measure the sample. Select the button. Then

the “Measurement parameter settings” window appears.

Measurement

Select this button to duplicate the measurements. When the | Duplicate
button is selected, the “Duplicate measurement” window appears.

| Duplicate measurement |

Select the button on the following “Confirmation” window. Then, the

instrument closes all valves, returns to the initial state, and then exits the software.
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(S/MN-00001 )BELSORP-max [Confirmation]

[Confirmation]

Are you sure, do you want to close program?
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The “System version information” window appears.

For the span adjustment, refer to “Span adjustment, P. 99”.

For the optional setting, refer to “Optional settings, P. 107”.

For the needle valves V5 and V6 adjustment, refer to “Adjusting the needle valve, P.
97”.

For the system check, refer to “System check, P. 94”.

For the gas cylinder replacement, refer to “Installing and replacing gas cylinders,
P.90".

For purging, refer to “Purging the tubing in the instrument, P. 101”.

For degassing, refer to “Degassing adsorptive, P. 103”.

w| Version info.

@ BELSORP-max(S/N-00001)

YersionVerl 249

@D

QD

w

Span adjustment | Optional settings. | True density mess. | c
-

Adjustment ¥4 Adjustment V& —
needle valve ‘ needle valve ‘ BB et ‘ g
. . w
Exchanging gas Furging the Degassing inthe Iy
cylinder manifold liguid adsorptive 3
O

(1>

w
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000 “Trend graph” window 000

Trend graphs are displayed for different pressures (PO to P5) and temperatures (TIC1, Ads. Tmp). The pressure

variations due to adsorption or desorption to/from the sample can be monitored during the sample measurement.

WPQ WP1 P2 P3 P4 PS5 EMT. CHT.

Buttons and their functions on the window are as follows.

The trend graph scale can be
changed.  You can also set the
interval to save the
“TrdData.CSV” in the
“BELSORP-max_SendData”
folder in the “Trend data saving

interval” field.

(S/N-00001)BELSORP-max [Trend graph display settings]

Heanis time
& Full

" Last [15 min
" Fram |0 minto|15 min

Max Pressure (130,000 kPa
htir. |0.000 kPa

Max termperature |50 o
Min. |0 “C

Close
Trend data saving interval |5 sec (=0 Mo data saving) 4

¥ PO ¥ P4
VPl ¥ PS5
V¥ Pz ¥ Manifold Temp.
¥ P23 |¥ Heating Temp.

Colors used in the “trend graph” are as follows.

Color
Temperature (M. T.) Manifold temperature / °C Yellow
Heating temperature (H. T.) Temperature device / °C Green
Pressure (P0O) Pressure at port 0 / kPa Light blue
Pressure (P1) Pressure at port 1/ kPa White
Pressure (P2) Pressure at port 2 / kPa Red
Pressure (P3) Pressure at port 3/ kPa Blue
Pressure (P4) Reference volume pressure / kPa Purple
Pressure (P5) Vacuum gauge / Pa (common logarithm) Deep blue
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000 “Adsorption/desorption isotherm” window 000

1. The measured results are displayed on the “Adsorption/desorption isotherm” window during the “sample

measurement”.

2 . The measurement point is identified with the following colors.
- Adsorption measurement point: Red

- Desorption measurement point: White

3 . The current measurement point is indicated
in the message column.  In the window

shown on the right, it is indicated that the

i

system is currently measuring the 32nd point
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in the desorption process. The step 8

R

corresponds to the step of “Target relative T

e nras=nralPRY]

I
B T T ’I

pressure” that was predetermined through the

+
+
\"++J-\\—\\—{—+J—\\-\\—{-\"J.

“measurement parameter Setting”.
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The results measured at Port 1 to 3 are

separately displayed on the individual windows.  Select the relevant

window to view the measured data. ~ The selected window is displayed at 2

the front.

=The port 1 window is displayed when Port 1 is specified for the measurement parameter setting.
The port 2 window is displayed when Port 2 is specified for the measurement parameter setting.

The port 3 window is displayed when Port 3 is specified for the measurement parameter setting.
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000 Exiting the measurement software and shutdown of BELSORP-max 000

1. Exiting  the measurement 1
software BELSORP max{S/y- 00001|

1. When the “Sample measurement” is
completed normally, the “Flow circuit
diagram” window as shown right is

displayed. For the “Pretreatment”, it

displays a message of “Pretreatment

com p I ete”. (5/N-00001)BELSORP-max [Confirmation]

[Confirmation]
2. Select the button, then the “Confirmation”

window is dlsplayed Are you sure, do you want to close program?

3. Select to exit the measurement software. The

instrument closes all valves, returns to the initial status, and

then exits the software. I

3

button. When you perform pretreatment, select the | Pretreatment | button. When you duplicate

4. When you continue measuring, select the
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measurement, select the | Duplicate meas | button to start measuring, respectively.

2. Shutdown of BELSORP-max

In case using the instrument for the measurement, following turn-off procedure should be done more than 30 minutes

after the measurement.

1 . Turn off the main unit by pushing down the power switch on the back of the unit. The power indicator on the
front of the main unit lights off.

2 . Turn off the rotary pump immediately.

3 . Close the main gas valve of a gas cylinder when the instrument will not be used for a month or more.

4 & Caution A

S Do not turn off the pump with the instrument main unit turned on.

= When the main unit remains turned on after the pump is turned off, oil may flow back and the

instrument may be contaminated with the oil.

\ - We are not liable for any damages resulting from improper use of this product. /
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000 Measurement data file configuration o0oo

1. Measurement data

The “measurement data” of BELSORP-max is saved in a file according to each measurement step. The
“measurement data” file can be opened and analyzed using the “BELSORP analysis software”, which is useful to
control the measuring status.

The “measurement data” file is in the tab-deliminated text format. It can be opened using commercial spreadsheet
software after measurement.

0 Do not open the “measurement data” file using any software except the BELSORP analysis software during

measurement.  Otherwise, it may prevent the measurement data from overwriting.

The “measurement data” file is saved with a name specified at measurement. An extension of “.DAT” is set to

the file. An example of the “measurement data” file is shown in the following section 1 L

When you select “After adsorption/desorption measurement” in the measurement parameter “dead volume
measurement”, a file with extension of “-Z.DAT” is saved additionally (After measurement, the file corrected
the dead volume with extension of “.DAT” is changed). This file contains the data before the dead volume
correction.
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2. Example of the measurement data file

System property BELSORP-max Ver1.2.9

"Instrument S/N:" 000002
"Vs/ml:"  31.364

Measurement parameter

"Adsorptive:" H20

"Meas. Temp./K:"  298.15

"Molecular cross-sectional area:" 0
"Molecular weight of adsorbate:" 0.00
"Equilibrium time/sec:" 0
"Measurement mode:" 2

Sample information

"Sample weight/g:" 0.09540

"Commentl:" "Aerosil (Lot.0410)"
"Comment2:"
"Comment3:" "150 degree C 6 h"
"Comment4:" "Leak amount : 0.006Pa/Min, Vacuum degree before measurement:5.469E-1Pa"
"as/m2 g-1:" 0.0000
"Molecular weight of adsorbent:" 0.00
2 Time, dead volume
g "Date of measurement:" 12/01/11
2 "Time of measurement:" 19:23:48
— "Slope of dead volume:" 5.6697E-7
= "Intercept of dead volume:"  2.1205E+1
o "Average dead volume:" 2.1236E+1
g; Adsorption data No.: Adsorption point
= |  =3==zzz==zzz======== Pe/kPa: Adsorption equilibrium pressure
fo] "No." "Pe/lkPa" "PO/kPa" "Vd/ml" . P0/kPa: Saturation vapor pressure
o " - " " " Vd/ml: Dead volume change
» 2 6.8979E-2 106.67  14.153  10.387 Vd/mI(STP)*g™: Adsorption amount
3 1.1483 106.70 14132  15.043
4 2.7673 106.46 14122 15.935
5 5.3033 106.29 14103  16.564
End of adsorption data
0 0 0 0 0

Desorption data

"V/mI(STP) - g-

"No." "Pe/kPa"  "PO/kPa" "Vd/ml"

No.: Desorption point

Pe/kPa: Desorption equilibrium pressure
PO/kPa: Saturation vapor pressure
Vd/ml: Dead volume change
Vd/mI(STP)*g™*: Desorption amount

104.23 13.523
100.47 104.18 13.503  454.48
100.28 104.15 13.488  428.07
100.08 104.07 13.473  402.04

a1 wnN

End of desorption data

0 0 0 :OAT
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000 Turbo molecular pump maintenance 000

When the accumulated operating time of the {S/N-00001)BELSORP -max [Reminder for TMP maintenance]

Time for maintenance of TMP
Replacement
completed

built-in turbo molecular pump exceeds 20,000

hours, BELSORP-max prompts for maintenance

on the PC screen as shown on the right. Once

you select “Display later”, the window will be

displayed again later. Please contact our company if you find this message.

000 Rotary pump (GHD-030) maintenance 000

When you use the rotary pump, you must periodically replace its oil. This section describes two critical
maintenance items for the rotary pump (GHD-030).
1. Replacing oil: Replace oil once every 3 months, or for every 6,000 hours operation.

2. Replacing the shaft part: Replace the pump shaft part once a year.

N Failure to comply with the above periodical maintenance may result in failure of the pump, and accordingly it may cause

failure of the instrument (due to backflow of oil resulted from the failure). Be sure to perform periodical maintenance as

follows.

Message for il replacement

1. Message below appears when the timing of oil replacement has come.

(S/M-00001)BELSORP -max [0il replacement time]

It is time to replace the oil in rotary pump.

(Upon the oil replacement, make sure not to mix with other oil)

Replace

2. i selecting the button, the message below will appear. Replace oil according to the operational
procedure of “Qil replacement p. 154”.  After oil has been replaced, select .

Select , if oil has not been replaced. The message of step 1 will appear again.
In case of selecting the | Display later | button, the message above will appear again after the measurement

software is started again or measurement has finished.

(S/M-00001)BELSORP-max [Oil replacement time]

Have you replaced the oil in rotary pump?
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Replacing oil

Tools and other requisites: New oil, 6mm Allen wrench, a container for oil, towels

l. After disconnecting from the instrument hose, remove

the black cap 1 as shown in the photo on the right.

N Power is supplied to the pump through the main unit. To

prevent oil from flowing back, be sure to turn off the
instrument power before you disconnect the pump power

cable.

2. Remove the screw 2 using a 6 mm Allen wrench.

When you loosen the screw, oil may flow out. Receive the oil with a container for oil.

3. After discharging the oil completely, wipe off the oil around
ging pletely, wip Fill new oil up to the circle

the drain port, and mount the screw that you removed in step

2.

marked position.

4. Fill new oil from the port 1. Fillit up to the oil level gauge

as shown in the photo on the right, which is located on the side of the pump.

5. Replace the cap 1 Replacing oil is now complete.

& Power is supplied to the pump through the main unit. To prevent oil from flowing back, be sure to turn off the
instrument power before you disconnect the pump power cable.
& When oil gets into your eye, wash it sufficiently with clean water, and obtain medical advice.

& When oil contacts with your skin, wash the skin with soap and water.

3. Replacing the shaft part (spider)

Tools and other requisites: Shaft part (spider), 4 mm, 5 mm and 6 mm Allen

Power box cover

wrenches, Philips driver, a container for oil, towels

1. Discharge oil from the pump in the same way as described in 1.

Replacing oil, steps 1 and 2.

2. Remove the 4 mm screw using a Philips driver, and remove the power box
cover.
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3. Remove the screw 3, using a 4mm Allen wrench.

3
4. Remove the screw 4, using a 5mm Allen wrench.
Once you remove the screw, the motor can be detached
from the pump. Your careful attention is required.
4

Shaft part (spider)

5. Wipe off the dirt both on the motor

and main unit, remove the shaft part (spider) at the

position 5, and then install a new spider.

6. After installing the spider, mount the pump, and then

refill the pump with oil in the same way as described in 1. Replacing oil, steps 4 and 5. Now, replacing

the spider is complete.  After you refill the pump with oil, connect the pump to the main unit to check the

evacuation operation.

& Power is supplied to the pump through the main unit. ~ To prevent oil from flowing back, be sure to turn off the
instrument power before you disconnect the pump power cable.
N When oil gets into your eye, wash it sufficiently with clean water, and obtain medical advice.

& When oil contacts with your skin, wash the skin with soap and water.
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000 Daily maintenance 000
When power is supplied:
Verify that the power indicator lights on.
Verify that the rotary pump operates normally.
In addition, verify that the pump’s exhausting noise quiets down within 1 to 2 minutes.
In the event of trouble, turn off instrument immediately, and disconnect the power cable from the wall outlet.
Rotary pump:
Perform the appropriate maintenance to the rotary pump according to the instruction manual for the pump.
In the event of any abnormal sound and/or smoke, turn off the instrument immediately, and disconnect the
power cable from the wall outlet. Appropriately arrange the pump’s exhaust port, i.e., connecting it to the
exhaust duct, etc. .
Power cable and communication cable:
Verify that the power cable and the communication cable are not degraded, and they are connected properly.

In the event of trouble, turn off the instrument immediately, and take appropriate measures; i.e., replacing the

cable, etc.
000 Trouble shooting 000
Symptoms Check point
Power is not supplied. -+ Is the power cable connected correctly?
Insufficient vacuuming = Check the rotary pump operation (Is the switch on? Any trouble with oil?) .
Check for any loosening at the pump suction port, the connection port of
gz_) the turbo molecular pump and the rotary pump.
fc-:Dr When the system vacuums the sample port, check for any leakage in the
3 sample cell, and/or any degradation of the o-ring.
§ The measurement system valve does not = Is the cable connected firmly between the main unit and the computers?
operate.
The instrument stops due to communication = Is the cable connected firmly between the main unit and the computers?
error.
Faults in adsorption amount = Check the purity of gas.
Verify that the measurement procedure is correct.
Measure the reference sample from Bel and verify the results.
The elevator abnormal noise - Grease may deteriorate. Please contact our company.
The elevator does not operate. = Verify that the elevator is not overloaded, and then press the elevator reset
switch in the “Temperature controller pocket” on the front of the main unit.
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000 How to recover from abnormal stop 000

If measurement is aborted after measurement is started and the Dewar vessel or the heater is lifted up for any
reason (power failure, exiting software by mistake, communication failure, etc.), recover it according to the following

procedure.

N Moving down the Dewar vessel manually with gas charged in the sample section may cause rapid pressure increase because

the sample section temperature returns to room temperature, and accordingly it may disconnect the sample cell. Be sure to

comply with the following procedure.

Optional: Gas selector . Agp 1

Air Bath1(40°C)-TIC1
Auxl. -— =X
F5 F6 F7
Aux2. o ki X X X
V158 Vi v2 [ va %
Aux3. 0—j E—E@
<

Aux4.
X

3
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Flow diagram

The measurement stops @ Exit the measurement software, and start it again.

with the Dewar vessel lifted | @ Open V4 to 8, and 10 (do not open V10 when the sample is installed to Port 2).

(In case of two samples @ Close V4, 7 and 10.

measurement). @ Open V1, 5 and 6, and dose helium up to the pressure in the sample section while
observing the pressure at P4.

® After dosing, close all valves.

® Open V9 and 11 (open also V10 when the sample is installed to Port 2).

@ Open V4 to 6 to exhaust slowly the sample section.

=
S
—+
D
=
o
=
o
D

When the pressure at P4 drops below 3 kPa, move down the Dewar vessel
manually.
© Continue exhausting until the sample cell returns to room temperature. When it

returns to room temperature, close all valves.

The procedure is now complete.

The measurement stops @ Exit the measurement software, and start it again.

with the heater lifted. @ Turn off the heater switch of the temperature controller (refer to P.31).
® Move down the heater manually.

@ Wait until the sample cell returns to room temperature.

® The procedure is now complete.
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000 How to recover from error mesSage 000

Error message How to reset
Temperature device overheat detection After cooling the temperature device, turn
When the temperature device (450 °C heater, 550 °C heater, 1100 °C off the power switch on the front of the
electric furnace) exceeds the specified temperature (for details refer to the temperature controller, and then turn it on

temperature controller on P. 32), the temperature controller detects faults and stops | again to reset. Verify that the “overheat
heating (in such a case, the “overheat indicator” on the front of the temperature indicator” on the front of the temperature
controller lights up). When the measurement software is running, it exits controller lights off.

automatically.

BELSORP-max(S/N-00001)

BELSORP--- T
B NG

M

eas. time 0:01:06

Elevator overload detection Areset switch for the elevator is located in
When the elevator load exceeds 50 kg, it detects faults, and disables lifting the “temperature controller pocket” on the
operation (in such a case, the lifting switch II| on the front of the instrument front of the instrument.  After you remove

blinks red). When the measurement software is running, it exits automatically. the cause, press the reset switch to release

(S/M-00001)BELSORP-max [Elevator system failure] any protective actions.

<

QL Elavator system error.

>

~+

®

>

o))

>

O - . . -

@ System faulty pressure detection (Only when the measurement software is started) Leave it without any action until the
When any pressure gauge exceeds 130 kPa, it detects faults and triggers an software exhausting process is complete.

emergency stop (exhaust process). Only in the adsorption/desorption

measurement, it detects faults when PO exceeds 110 kPa.

[P4 overpressure] urgent processing
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Turbo molecular pump overload detection (Only when the measurement software is
started)

When air is sucked while the turbo molecular pump is in operation, it
detects load and stops the TMP operation (in such a case, “TMP error” appears on

the software screen).

Even when the TMP error is indicated, the
measurement is not aborted.  Stop the
low-pressure measurement because
vacuum is degraded. To stop measuring
and reset the error, turn off the instrument
power switch 10 minutes or more after the
error detection, and turn it on again another

5 seconds later to reset.

Recovering from system error
In case measurement is stopped by some reason, urgent processing will begin

at restart of the software.

| [Recovering from system error] urgent processing

When measurement is stopped, finish the
software and restart it. Leave it as it is,
since urgent processing will  start

automatically.
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000 Consumables 0oo

The following consumables are available with BELSORP-max. Please contact us for any inquiry.

model

Item and Specification

[Sample cell]

010-20000-0-0

Pyrex sample cell (MAX.500 °C)

3/set
010-20001-0-0 Silica sample cell (1.8 ml)
1/set
e}
010-20002-0-0 Pyrex small volume sample cell (MAX.500 °C, 0.5 ml, 200 mm)
1/set
010-20003-0-0 Silica small volume sample cell (0.5 ml, 200 mm)
1/set
010-20004-0-0 Pyrex large volume sample cell (MAX.500 °C, 0.5 ml, 200 mm)
3fset
010-20005-0-0 Silica large volume sample cell (5 ml, 200 mm)
1/set
010-20008-0-0 Pyrex flow gas sample cell (Max.500 °C,230 mm)
1/set
010-20009-0-0 Silica flow gas sample cell
1/set
010-22021-0-0 NSD capucel sample cell
1/set
010-22014-0-0 Pellet sample cell
1/set

[Others]

010-21000-0-0

Glass rod (Pyrex sample cell, Pyrex flow gas sample cell: 010-20000-0-0,010-20008-0-0)

3/set (Pyrex)
010-21001-0-0 Gl_a_ss rod (Silica sample cell, Silica flow gas sample cell: 010-20001-0-0,010-20009-0-0)
{Silica)
010-21002-0-0 Glass rod for Pyrex large volume sample cell (010-20004-0-0)
3/set (Pyrex)
010-21003-0-0 Gl.a.ss rod for silica large volume sample cell (010-20005-0-0)
(Silica)
010-21006-0-0 Glass tod for Pyrex small volume sample cell (010-20002-0-0)
3fset (Pyrex)
010-21007-0-0 Gl.a.ss rod for silica small volume sample cell (010-20003-0-0)
(Silica)
Glass rod for quick seal (010-20000-0-0)
010-21010-0-0 3/set (Pyrex)
010-21011-0-0 Glass tod for quick seal (Pyrex large volume sample cell: 010-20004-0-0)
3/set (Pyrex)
010-21012-0-0 Gl.a.ss rod for quick seal (Silica sample cell: 010-20001-0-0)
{Silica)

010-21013-0-0

Glass rod for quick seal (Silica large volume sample cell: 010-20005-0-0)
{Silica)

010-21008-0-0

Glass rod for pellet sample cel (010-22014-0-0)

010-22015-0-0

Pellet sample tube (Pellet sample cell: 010-22014-0-0)

900-00017-0-0

Sample cell heat insulation sleeve
3/set

010-22024-0-0

PO Cell heat insulation sleeve
3/set

010-22003-0-0

Dewar vessel heat insulation lid
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model Item and Specification
[Others]
Sampling funnel
2000-0-
IOlO—ZLOOU 0-0 3/set (Pyrex)
bio2ooioo  [Hg botle
2set
PO cell
2002-04
010-22002-0-0 (SUS)
PO port cap
Ml )
1010-22022-0-0 (4 em » 30)
000-00016-0-0 | mple cell cap
10/set
Sample scattering prevention filter
P00-00011-0-0 G/set 20m (Viton)
Sample scattering prevention filter
000-00013-0-0 6/set 20m  (Perflour)
000-70002-0-0 Sfimple Ecarte:mg prevention filter (quick seal)
1/set (Viton)
000-70003-0-0 Sfunple scattering prevention filter (quick seal)
1/set (Perflour)
000-10005-0-0 Sample cell weighting stand
000-10004-0-0 Sample cell stand
000-00004-00 |- lour O-TIng
i - 6/set
. . =
000-00000-0-0 Y;tg; o-ring for PO cell (P-3)

210-00001-0-1

Corrosion resistant rotary pump (GHD-030 (Fomblin oil) )

210-00000-0-1

rotary pump (GHD-30)

010-10011-0-0

Dewar vessel

1010-10022-0-5

Measurement site safety cover

010-20000-0-0

Standard o1l for vacuum pump (1 L)
600 cc/unit (GHD-30)

SMR-100

Standard o1l for vacuum pump (1 L)
600 co/unit (Trvac, GLD-030, GLD-31)

JUltra Grade 19

Standard oil for vacuum pump (1 L)
"RV3

010-20002-0-0

Fomblin o1l for vacuum pump (1 kg)
(GHD-030(Fomblin oil} )
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. Boiling Critical Saturation vapor . - 1
Adsorptive point/K point/K Temp. /K pressure/kPa*! 2nd virial coefficient/Pa

Nitrogen N, 714 126.2 714 101.325*° -4.264x107
774 30.615%¢ -4.587x107
Argon Ar 87.3 150.8 87.3 101.325*° -3.300x10”
298.15 - -6.093x10”7
Methane CH, 111.6 190.4 298.15 24973** -1.689%x10”
293.15 3553.0 -7.985x10®
Ethane CaHs 184.6 305.4 298.15 3916.2 -7.569x10®
303.15 4301.9 -7.181x10®
194.7 101.325 -2.143x107

Carbon dioxide CO, 194.7 304.1
298.15 6444.8 -5.031x10®
293.15 - 3.464x10°
Hydrogen H, 20.4 33.2 298.15 - 3.436x107°
303.15 - 3.407x10°
Krypton Kr 119.9 209.4 77.4 0.3310%° -1.007x10°®
293.15 861.87*2 -1.217x107
Ammonia NH; 239.8 405.5 298.15 1007.2*? -1.132x107
303.15 1170.3*2 -1.056x107
293.15 - -6.845x10°°
Oxygen 0, 90.2 154.6 298.15 - -6.312x10°°
303.15 - -5.814x10°°
Nitrogen monoxide NO 1214 180 298.15 -3.319x10°°
293.15 - -3.530x10°°

Carbon monoxide CcoO 81.7 132.9
298.15 - -3.063x10°°
293.15 208.23 -3.121x107
n-butane n-CsHyo 272.7 425.2 298.15 243.08 -2.950x107
303.15 283.14 -2.791x10”
293.15 300.51 -2.803x10”
iso-butane is0-C4H1o 261.4 408.2 298.15 348.66 -2.652x107
303.15 284.18 -2.511x10”
Benzene CeHs 353.2 562.2 298.15 12.778 -6.074x107
Toluene CeHsCHs 383.8 591.8 298.15 3.822 -9.439x10”
Methanol CH0OH 337.7 512.6 298.15 17.050 4.290x10”"
Ethanol C,HsOH 351.4 513.9 298.15 7.958 5.429x10”
298.15 13.100 -6.902x10”

Cyclohexane CsH12 353.8 553.5
323.15 36.439 -5.199x10”7
Carbon 7

tetrachloride CCl, 349.9 556.4 298.15 15.323 -6.104x10
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000 Physical Properties of Adsorptives 000

For the calculation of saturation vapor pressure, Antoine equation is used when 101.325 kPa or below and Wagner
equation (partly Harlacher-Braun equation) is used when 101.325 kPa or above. The blank ones in the table are
above the critical point.

Harlacher-Braun equation is used.

The saturation vapor pressure of nitrogen (77.4 K) and argon (87.3 K) is just the pressure at the boiling point. So
for them, the 2nd virial coefficient at the atmospheric pressure is listed.

Since carbon dioxide does not exist as a liquid state under the atmospheric pressure, the sublimation pressure is listed
as the saturation vapor pressure.

Krypton is solid at 77.4 K. The saturation vapor pressure is obtained from Clausius-Clapeyron equation as a super
cooled liquid (ASTM D 4780-95).

Argon is solid at 77.4 K. The saturation vapor pressure is obtained from Wagner equation as a super cooled liquid
(Gasses & Liquids 4™ Edition Robert C. Reid).

000 Molecular diameter 000

Molecular
Adsorption diameter(nm)"®
Nitrogen N, 0.364-0.37
Argon Ar 0.355-0.36
Methane CH, 0.409
Hydrogen H, 0.268-0.269
Krypton Kr 0.404-0.408
Oxygen 0, 0.392-0.398

T. Takaishi and Y. Sensui, ‘“Thermal Transpiration Effect of Hydrogen, Rare Gasses and Methane’ Trans. Faraday

Soc., 59, 2511 (1963).
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000 Calculation of Saturation Vapor Pressure 000

The saturation vapor pressure of pure substances is listed in various literatures. For instance, there are “Physical
constant” edited by the society of chemical engineers, and “Physical constant of chemical engineering”. In the table of
physical properties of adsorptives, the saturation vapor pressure of common substances is listed. Also, Figure 1 shows the
vapor pressure of water at various temperatures.

Figure 1: Saturation vapor pressure of water

0/°C 0 1 2 3 4 5 6 7 8 9
0 0.611 0.657 0.706 0.758 0.813 0.872 0.936 1.002 1.073 1.148
10 1.228 1.313 1.402 1.498 1.599 1.705 1.818 1.938 2.064 2.198
20 2.338 2.487 2.644 2.810 2.985 3.169 3.362 3.567 3.781 4.007
30 4.245 4.495 4.757 5.033 5.322 5.626 5.945 6.279 6.629 6.996
40 7.381 7.784 8.205 8.646 9.107 9.589 10.093 10.620 11.170 11.745
50 12.344 12.970 13.623 14.303 15.012 15.752 16.522 17.324 18.159 19.028
60 19.933 20.873 21.852 22.869 23.925 25.024 26.164 27.348 28.578 29.854
70 31.177 32.550 33.974 35.450 36.980 38.565 40.207 41.908 43.668 45.490
80 47.376 49.327 51.345 53.432 55.589 57.819 60.123 62.503 64.962 67.501
90 70.122 72.827 75.619 78.500 81.471 84.535 87.694 90.951 94.307 97.765

* Wargner equation is used (Gasses & Liquids 4" Edition Robert C. Reid).

There are many suggested equations to estimate the saturation vapor pressure. The representative equations are: Antoine
equation, Harlcher-Braun equation, and Wagner equation.

Antoine equation
This is often used when the converted temperature (T, = T/Tc where Tc is the critical temperature) is less than 0.75 and

the pressure is 0.1-200 kPa. At the temperature T, the saturation vapor pressure Py is expressed as the following with the
constant A, B, and C:

B

logP, = A—— B
950 = A Tk

Wagner equation
McGarry compared 8 vapor pressure equations and found out Wagner equation is the best estimation of vapor pressure up

to the critical point. At the temperature T, the saturation vapor pressure Py is expressed as the following with the constant
A, B, C, and D:

In(Py / P,) = (Ax+ Bx}® + Cx3 + Dx®) /(1- x)
where
x=1-T/T,

and T, and P, are the critical temperature and critical pressure respectively.

Harlcher-Braun equation
This equation estimates the vapor pressure well from the boiling point to the critical point. At the temperature T, the

saturation vapor pressure Py is expressed as the following with the constant A, B, C, and D:
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DP,
InP =A+ B/T[K]+CIn(T[K])+W

The constants are listed in the Chemistry handbook or other references.
There are many other equations suggested to estimate the saturation vapor pressure, but the estimation values do not

necessarily coincide with the actual values.

Reference:
R.C. Reid, J.M.Prausnitz and B.E. Poling, “The Properties of Gases & Liquid”, 4™ ed. McGraw-Hill, Inc.
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000 Calculation of the 2nd virial coefficient ooo

In the volumetric method, the volume of adsorption is determined by using the ideal gas equation. The virial
coefficient allows us to correct for the nonideality of real gases. By using the 3 and 4™ virial coefficient, it is possible
to perform correction in the wide range of pressure, but here, the calculation of 2™ virial coefficient is discussed in detail.
If you want to calculate the 3™ and 4™ virial coefficient, please refer to other scientific sources since there should be
plenty of information in them. Please enter Bp(Pa'l) value to correct for the nonideality.

For single component gases, the 2™ virial coefficient is calculated by using the following equations:

BRe _ g0, 0, 5@

RTc
B(® —0.083- 0"1262
=y
]
0.17

Tr4.2

B® -0.139-

po_2a b
6 8
TI’ TI’

B® is the term for polar molecules. This is reported by Tsonopoulos. a, b cannot be determined accurately, so

they are only classified into some values.

Class Compound a

Ketenes, aldehydes, nitrides,
1 -2.112 x 107y, - 3.877 x 102, 0

Ethers, NH3, H,S, HCN, esters

2 Mercaptans 0 0

3 Monoalkyhalides 2.076 x 10™M,* - 7.048 x 102,

4 Alcohols 0.0878 0.04-0.06
5 Phenol -0.0136 0

W, in the table is determined by the following equation:

Pc : Critical pressure / bar
5 2 o
_10°p°Re Tc : Critical temperature / K
r— 2 i
T¢ n : Dipole moment /debyes
® :Acentric Factor (Asymmetry factor for molecules)

Reference:
R.C. Reid, J.M.Prausnitz and B.E. Poling, “The Properties of Gases & Liquid”, 4™ ed. McGraw-Hill, Inc.
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000 Pretreatment 000

Pretreatment is performed to remove water and other molecules adsorbed on the surface of adsorbent and inside pores
(for the pretreatment of chemisorption, it might involve the chemical reactions at the surface, e.g. oxidation and
reduction).

As the pretreatment method:

1.Heat the sample under the flow of inactive gas (nitrogen, helium, etc.)

2.Heat the sample while in vacuum

In case of method 1, the structure of pretreatment instrument can be simple, but the heating time needs to be longer
than method 2.  Also, when cooling down the sample to the room temperature under the flow of gas, the impurities in

the gas might re-adsorb inside the pores if the sample has micropores. If it happens, it influences the measurement badly.

Pay attention to the purity of the gas you use. In case of method 2, it is generally enough to vacuum with a rotary pump
(1 Pa). If you need to measure the adsorption isotherm at 102 Pa or less to analyze the pore size distribution with DFT
theory or simulation, you need to achieve the better vacuum by using a turbo-molecular pump.

The higher temperature pretreatment is performed, the more efficient it can remove impurities. However, it is
important not to change the structure of sample by putting too much heat. Ideally, one can investigate the effect of
temperature increase to the sample by using a thermogravimetric balance. If the temperature cannot be set high (e.g.
pretreatment of polymer materials), the pretreatment time needs to be longer. Carbon material does not change its
structure even at high temperature. In case of active carbon, water molecules cannot be desorbed from the pores unless
the temperature is high. Generally, pretreatment is performed at about 573 K. It is the same for zeolite, but the
temperature needs to be increased gradually to avoid the structure change of pores by the thermo-hydration reaction.

The table below lists the typical pretreatment temperature of common substances. Determine the pretreatment
temperature after considering the physical properties and surface characteristics of the substance you actually measure.

Pretreatment
Remarks
temp. /°C
Adti There is possibility that surface functional groups desorb at 300 °C or
ctive
b 150-500 higher, but it does not affect the surface area and properties of pores so
carbon
much.
. If performing the measurement from extremely low pressure, pretreatment
Zeolite 300-500 ]
needs to be performed for 5 hours or longer under the high vacuum.
If the temperature cannot be increased, it takes longer time for
Polymer r.t.-100
pretreatment.
. At 150 °C or higher, the surface hydroxyl might be condensed or
Alumina 100-150
dehydrated.
. At 200 °C or higher, the surface hydroxyl might be condensed or
Silica 100~150
dehydrated.
By heating under the vacuum, it might produce reducing atmosphere and
o the surface area might be changed because of desorption of oxygen at the
Titania 100-500 . . .
surface. It is desirable to perform pretreatment under the flow of high
purity air or oxygen.
Calcium .
200-400 It is thermally decomposed around 900 °C.
carbonate
Because of the hydrate, dehydration reaction occurs during the high
Cement 100-120

temperature pretreatment.

Ver.1.3.3 2013/06/05
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Precautions

. Copyright of this manual and the program belongs to BEL JAPAN, INC.

. Use or copying of all or any part of this manual or program is prohibited without prior written approval from BEL
JAPAN, INC.

. The contents of this manual and the program specifications may be changed without prior notice.

. Use of this manual and program is prohibited for any purpose other than the BELSORP analysis, as described in
the program license agreement, without prior written approval by BEL JAPAN, INC.

. BEL JAPAN, INC. is not liable for any effects that come from the results of using this manual or program.

. Store the setup disks in safe place.

. Although our products are manufactured with the utmost care, if you have any questions or find any errors or
omissions, please contact us.

BEL JAPAN, INC
Head office: 9-1, 1-CHOME, HARADANAKA, TOYONAKA-CITY, OSAKA 561-0807 JAPAN
TEL: +81-06-6841-2161 FAX: +81-06-6841-2767
Web: http://www.nippon-bel.co.jp
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Chapter 1: Introduction

This is a data analysis program designed to analyze the datameasured by the BELSORP series of adsorption
measurement apparatuses. This program reads the data files that were measured using a BELSORP measuring
instruments, and can then display graphs and numerical data. The analysis data can be printed and saved.

1-1. BELSORP analysis program

The following sample information about surface areas and pores can be obtained from the measured data.

Name of analysis

Adsorptive

Analysis method

Primary data produced

Adsorption / desorption
isotherm

Istotherms are displayed with this analysis. Judging from the shape of isotherm, the characteristic of
the sample can be seen and appropriate method to analyze the isotherm can be chosen.

Change in amount of hydrogen

PCT curve H, storage capacity Amount of hydrogen storage capacity
Evaluates a specific surface area for .
BET plot N2, Ar, K, etc. . . Monomolecular layer adsorption
physical adsorption
Evaluates th t of chemical
Langmuir plot 0,, etc. valua .es © amount of chemica Monomolecular layer adsorption
adsorption
. Total specific surface area, external
t plot N2 Evaluates micropores o
specific surface area, and pore volume
. Total specific surface area, external
as plot N2 Evaluates micropores o
specific surface area, and pore volume
MP plot N2 Micropore distribution curve Micropore distribution
BJH plot N2 Mesopore distribution curve Mesopore distribution, volume and area
Cl plot N2 Mesopore distribution curve Mesopore distribution, volume and area
DH plot N2 Mesopore distribution curve Mesopore distribution, volume and area
INNES plot N2 Mesopore distribution curve Mesopore distribution, volume and area
DA plot N2, CO,, CgHs, etc. | Evaluate the micropore volume Micropore volume
Mi distributi
HK plot Nz, Ar Micropore distribution curve (I;cc):zpsiraepelzssnlit;] fon
. e Micropore distribution
SF plot N2, Ar Micropore distribution curve (Pore shape: Cylinder)
Evaluates diff tial heat of
Isosteric heat of adsorption H.0, etc. valua .es erential heat o Differential heat of adsorption
adsorption
Diff f ad ti Evaluates th t of chemical . Lo
. ierence of adsorpiion H.O, NH3 , etc. valua ?S © amount of chemica Difference adsorption isotherm
isotherms adsorption
Metal dispersion H,, CO, etc. Evaluates metal dispersion Metal dispersion

Molecular probe

CO,, CzHg, N-C4Hyo,
iso-C4H1 , etc.

Evaluate micropores

Micropore distribution curve

NLDFT/GCMC

Nz, Ar, COz

Evaluate micropores and mesopores

pore distribution curve




1-2. Reguired comButer environment I

This program can be used with the following systems and conditions.

[Personal computer]

Required system environment

Microsoft Windows®7 Microsoft Windows® | Microsoft Windows® XP
(32 bit / 64 bit) Vista Home or Professional
Operating system Home Basic or Home Service Pack 2 or more Edition
Premium or more Service Pack 2 or more

(Any computer that can run the English version of these OS)

CPU Intel processor
Memory 2 GB or more 512 MB or more
Display XGA (1024 x 768 dots) or more
Hard disk capacity 1 GB or more space is required during operation.
USB port At least one USB1.1 / USB2.0 port
Disk drive CD-ROM drive

(For setup CD installation)

» To use the analysis report setting function, install Microsoft® Excel.
To execute Office update. Otherwise, operation becomes unstable.

e To use the HELP function, install Adobe Reader®.

* To apply the operational “NLDFT- GCMC” method, Corei3 or more
processors.

* Install “Microsoft.NET Framework 2.0 or more”.

Others
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Chapter 2: Installation of the analysis program

This chapter describes the installation of the BELSORP analysis program on a personal computer. First, install
the WIBU-KEY software. Then install the Analysis software.
(For instructions about the basic operating procedures for Windows, see the Windows instruction manual. The
screen images may be different from those shown here, depending on your environment. )

2-1. Installation of the WIBU-KEY program

* If the WIBU-KEY program is already installed,
First delete the WIBU-KEY program from your PC and then do the following.
(See section “3-2. Uninstalling the WIBU-KEY program” on page 16.)

48] WIBU-KEY Setup. [E=Y e

1. Put the Setup CD in the CD-ROM drive.
2. Run WkRt-Int.exe, which can be found in the WIBU-KEY

Wielcome to the WIBLIKEY Software Setup program
This program wil instal WIBLHKEY Software on your
= computer.

It strongly recommended thal pou exit ol Windows programs (and the
control pane) before running this Setup program

device driver folder on the Setup CD. After reading this

Cick sCancels to ouil Setup and then close any programs you have

funning,
Click wNeste to continue with the 5 etup program.

program for a moment, your PC displays the screen shown at
right.
3. Click the [Next] button.

@8 WIBU-KEY Setup.

4. Choose “English” and then click the [Next] button.

™ halian

I Hungarian
I~ Japanese
[ Portuguese
I~ Spanish

<Back [ [ Hew> Cariel

4

42| WIBU-KEY Setup =

5 : Cl ICk the [NeXt] bUttOn agal n. Select the WIBL-KE'Y components pau like ta instal.
1V 32 B ke AL AR Nistvacik. Siver
I Install 35 NT servics with autastait
I~ \W/kNet Network Server for Novell Netware:
IV WkLANAWKNet Network Manitor (32 bif
-
-

Onice pou have selected the components you wish 1o install,
press the sNeste bulton to complete the nctallation

<Back He> Cancel
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6. After clicking the [Next] button, your PC will start installing the

WIBU-KEY driver.

7. Click the [Next] button again.

8. Click the [Finish] button to end the installation.

9. When the window on the right appears, click the [OK] button.

B WIBU-KEY Setup

)

1F yo press sNeste the foloming tasks wil be performed

Dperating spstem: Windows Vista -
Source path: C:\Users\user]WppD ats\LocahT empWZSE 1 Th

Selected languages:

The fsllowing componerts wil be installedt
WIBLKEY diver fles

WIBLKEY COM cartrol

WIBL 5YSTEMS Shel Extension

WIBL KEY network. server

WIBLKEY ook

<Back || Hedb Concel_|

B WIBL-KEY Setup

il

1f yous press sext the faloming tasks wil be performed

The follawing components wil be installec
WIBLIKEY drive fles

WIBLIKE'Y COM contrel
WIBL-SYSTEMS Shel Extension
WIBLHCEY network server

WIBLHKEY tocls

Copying fls .. done.

erlying langusge modies ... done.
Instaling fles

eiilying instaled language modules . done.
Storing urinstal information .. d

Creating shartcuts . done.,

Transfering settings ... done.

1

oo |[CEE] o
A

$
7

48] WIBU-KEY Setup

E==F7F

WIBLKEY Software Setup s complete.
Setup can launch the Rieadme help fils wikh the latest product

infrmations.

¥ Yes. | want to view the Readme text now

Ciick. »Finishe o complete Setup

-

=
8

Setup

@ WIBU-KEY driver successfully installed.

10. Connect the WIBU-KEY for the BELSORP analysis program to a USB connector on your PC.

That completes the installation of the WIBU-KEY and driver.

10
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2-2. Installation of the analysis program

* If the BELSORP program is already installed,
Delete the BELSORP program from your PC and then do the following.
(See “3-1. Uninstalling the analysis program” on page 15.)

1. Put the Setup CD in the CD-ROM drive.

2. Run SETUP.EXE, which can be found in the Data analysis program folder on the Setup CD.

3. The installer will start and you will see window on the :ZBE alysis softvare sEiOp

right. e :
BEL Analysis software are installed to the personal
camputer of uze.

Clicking [Nest]. please contirue

4. Click the [Next] button.

BEL Japan. Inc. 4

Cancel

5. Confirm the installation destination folder and then click
the [Next] button.

2 BEL Analyeis sofbware sefup

Setup will install files to the following folder.

Drestination Falder

|C:\F’r0gram Files\BEL Japan inch |[B[nwse ]

[ Confirmn when overwiting Aidd:-detault folder

] [ Cancel

6. Click the [Next] button and the set up will start. .= BEL Analysis sftware sefup

'Selup will inztall files in the Following condition;
From:
“FujmatatFUsenglish\SetUptSetlp.exs

To:
C:AProgram FileshBEL Japan inch

Press [Mext] bo start installation

[ cBack || Hewt> J[ Cancel

1



7. When the installation is complete, the screen on the right GiDEL Analyste softmare sbidp

will appear. Click the [Finish] button.

Setup iz completed

2-3. File configuration of the analysis software I

The file configuration right after the program is installed is as follows. Please note that, if some files are not in the
specified folders, the analysis software may not operate normally.

Folder configuration Description Details
BelAnalys Installation folder A different folder name can be used.
— BELMaster.exe Execution file

L Be sure to place this file in the same folder as the execution file.
Expansion file used by the

— L Note: If you delete the expansion file, this software cannot
: execution file
normally operate.
Be sure to place this file in the same folder as the execution file.
If this file is deleted, or if the file name is changed, no information is
— BELMaster Doc.pdf Help file

displayed even if you click on [How to use this program] in the
[Help] menu.

Be sure to place this file in the same folder as the execution file.
If this file is not provided, the system automatically creates a file.
Be sure to place this file in the same folder as the execution file.

ADSORPTIVE_INF.csv Adsorptive data file

DefFmt.xls Report output format file If this file not is provided, the analysis report output function is
disabled.
L T-DATA Be sure to place this holder in the same folder as the execution file.

If this folder is not provided, or if the folder name is changed, an
error occurs with the T-interpolation user settings for the ¢ method,
T-DATA folder s method, DH method, BJH method, Cl method, INNES method
and MP method, and the HK method and SF method, and the
analysis software cannot normally operate.

| *t Reference t-curve data A different folder is also acceptable.
| — *.as Reference as data A different folder is also acceptable.

Indispensable for the HK method.  Be sure to place this file in the
— *HKS HK method parameter

T-DATA folder.

Indispensable for the SF method.  Be sure to place this file in the
I— *.SFS SF method parameter

T-DATA folder.
L *TTI T-interpolation user data If this file is not provided, the system automatically creates a file.

12
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2-4. Specifying a decimal point symbol and a date format

If the decimal point is specified as comma “,” in the Windows settings, the analysis software will not operate
normally. You can check this setting with the following procedure.

Specifying a decimal point

. od ﬁ- 1
1. In the “Control Panel”, select “Regional and . ?
Language Optionsu Formats |anﬁon I Keyboards and Languages | Admiristrative |
To change the way your computer displays numbers, currencies, dates, and
time, select an entry from the format list.
Current format:
English {United States) -
Examples of how data is displayed using this format:
2. Look at the “Samples” section and make sure the
Currency: §123,456,792.00
numbers show a period “.” for a decimal point. _ 3
Time: 1:29:14 DR
Short date:  2/18/2( 2
Long date:  Wednesday, February 18, 2009
g ——
3. Ifacomma “is selected as the decimal symbol, # Customize Regional Options [
. . « . Numb
click the [Customize...] button. The “Customize mbers | Curency [ e [Date. |
. . o . Ex |
Regional Options” window will open. RDEE
Positive:  123,456,789.00 Negative: -123,456,789.00
4. Select the “Numbers” tab and change the Decimabsymibob < : > -
. . . “«n No. of digits after decimal: -
decimal point symbol to a period “.”. Fee s . 2

4

5. Click the [OK] button to store your changes and exit from these settings.

Specifying a date format

1. In the “Control Panel”, select “Regional and Language

Formats || ocation [ Keyboards and Languages | Administrative |

. ”»
Optlons " To change the way your computer displays numbers, currencies, dates, and
time, select an entry from the format lst.

Current format:

English (United States) -

2. Look at the “Samples” section and make sure the “Short date”.

Examples of how data is displayed using this format:

Nurnber: 123 456,789.00 :
Currency: §123,456,759.00 2
. . . Time: [y
3. If the “yyyy/MM/dd” format is not selected, click the customized I
botton. The “Customize Regional Options” window will open. Long date:  Wednesday, February 18, 2009

Customize this format...

13
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4. Select the “Date” tab. Change the
“Short date format” to “yyyy/MM/dd” and
“Date separator” to “/”.

5. Click the [OK] button to store your

changes and exit from these settings.

r
¥ Customize Regional Options

—— —

[ Numbers | Currency | Tme | Date |

Example
Short date: 2009-02-18
Long date: Wednesday, February 18, 2009
Date formats
Short date: yyyy-bba-do
Long date: dddd, MMMM dd, yyyy

‘What the notations mean:
d, dd = day; ddd, dddd = day of weel; M = month; y = year

Calendar
‘When a two-digit year is entered, interpret it as a year between:

1930 and 2029 'E;_‘

14
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Chapter 3: Uninstalling the analysis program

This chapter describes the steps to uninstall the BELSORP analysis program.  First, uninstall the analysis
software.  After that un-install the WIBU- KEY software.

3-1. Uninstalling the analysis program |l

1. Open the Windows “Control Panel”.

By 2

& e[ Commolpanel »

» Control Panel Home E )
e B System and Maintenance User Accounts
Rl Get started with Windows @ Add or remove user accounts

Back up your computer

Securi ,  Appearance and
! w Personalization

Check for updates

2. Click on the “Uninstall a program”.

Chenge desktop background
Customize colors
Adjust serezn resolution

Checkthis computer's security status
@ Allow s program thiough
Windows Firewall

Network and Internet Clock, Language, and

View network status and tasks L Region

Set up file sharing = Change keyboards o other input
methods

&/ Hardware and Sound ==
" Plsy €= or other media “@ Ease of Access
automatically L Let Windows suggest settings
Printer Optimize visual display

Mouse

=] Additional Options
Programs ‘ =

Uninstall 2 program
Change startup programs

3. Select the “BEL analysis program” from the list of .
. =0 » Programs » ~ |4
programs shown and click on the — -
Uninstall or change a program
[Uninstall/Change] button. i To nistall progran, slct o the s nd thencick Uit “Change’, o Rep’
. ‘ Organze - |11 Views w9
Name. = Publisher Installed On
FeeLoyna FULLCAST TECHNOLOGY CO,... 5/26/2009
~ BELMaster (T BEL JAPAN, INC. 5/26/2009
S7THP USB Smart Catd ard HP 4172009
i Intel(R) Graphics Media Raglerator Driver Intel Corporation 417209
WP Intel(R) Network Connections 131331 Intel 4172009
9 Microsoft NET Framework 35 sw3 Microsoft Corporation 4172000
©3 Microsoft Office Uttimate 2007 Microsoft Corporation 4172009
8 soundmax Analog Devices 4172009
WIBU-KEY Setup (WIBU-KEY Remove) WIBU-SYSTEMS AG 5/26/2009
4. Click the [Yes] button in the “EXEpress Uninstaller” window. 4 ExEpress Uninstaller

] Do you want ko uninstal
) BEL anialysis software?

[ e L mo ]

5. Then, your computer may ask you whether or not you really want to delete the shared files. If you are sure
there will not be any problem in deleting them, click the [Delete] button. If you are not sure, click the [Save]

button. If you are sure you want to delete all the files, click the [Delete all] button. If you want to leave all of

them, click the [Save all] button.

6. If your computer displays the message “Unable to delete the file” during the uninstall process, click the [Yes]

button and go ahead.  When the uninstall window closes, the data analysis program has been uninstalled.

15
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3-2. Uninstalling the WIBU-KEY program

1. Open the Windows “Control Panel”.

2. Click on the “Uninstall a program”.

3. Select the “WIBU-KEY Setup (WIBU-KEY
Remove)” from the list of programs and click on
the [Uninstall/Change] button.

4. Follow the instructions in the WIBU-KEY Setup
(WIBU-KEY Remove) window and click the [Next]

button.

5. Click the [Finish] button to end the uninstall
process of the WIBU-KEY program.

16

@U-E » Control Panel » : 7"‘“7“‘:_; T _2]

System and Maintenance
Get started with Windows
@

= Control Panel Homie
User Accounts

@) Add or remove user accounts

| Appearance and

% Personalization
L'
ol

Back up your computer

Security

Check for updates

Check this computer's secuity status

9 Allow  progrom through
Windows Firewall

Change deskiop backgound
Customize calors
Adjust screen resalution

Clock, Language, and
Region

Change keyboards of other input
methods

. Network and Internet
View netwerk status and tasks
Set up file sharing

[ ¥
=
&/ Hardware and Sound
FJW' play €Oz or other medis Ease of Access
! sutomatically Let Windows suggest settings
Printer Optimize visual display
Mouse

Additional Options

Programs
Uninstell @ program
Change startup programs

Uninstall or change a program

To uninstall  program, select it from the st and then cick “Uninstal’,"Change’, or“Repair'

2 % Urinstall Change @
Neme Publisher

Orgarize 11 Views

Installed On

L ntel) Graphics Meci Accelertor Drver Intel Corportion 2090203
8 ntel(®) Monagement Engin nterfoce Intel Corportion o0 12068
BBintel() Network Connectons 131331 el 90203 453mB
23 Microsoft Office Uktimate 2007 Microsoft Corporation 20090220 649MB
Ssounaax Anslog Devces o020 800K
] WIBU-KEY Setup (WIBU-KEY Remove) WIBU-SYSTENS AG 29025 ss8me

48] WIBLI-KEY Setup (Uninstall) [ [ [

Itis shongly recommended that you elose all programs that use the
WBL-KEY driver and the control panel before starting the uninstall
process.

Click sNext to remave the WIBL-KE'Y software from your
computer.

Cancel

48] WIBU-KEY Setup (Uninstall) ]

Itis strongly recormmended that you close al proarams that use the:
WBU-KEY driver and the control panel before starting the uninstall
process.

Click »Nesta to remove the WIBL-KE' software fram your
computer

Uninstaling files ... done.
Mot allfles folders could be emoved.
Uninstaling jcons ... dane.
Uninstaling Fiegistiy enties ... dane:
Uninstaling folders ... done.

Cancel
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Chapter 4: Starting and ending the program

This chapter describes how to start and end the BEL analysis program.
(For details about basic Windows operations, see the Windows instruction manual. Depending on your system’s
environment, the screen images on your PC may be different from the images shown in this manual. )

4-1. Start up

1. Turn on your computer and start Windows.

2. From the “Start” bar select “All Programs”, “BELSORP” and “Data analysis program” in that order.

3. The BEL analysis program will start and the main

window, shown on the right, will appear.

Fie(F) Setting(S) TookT) Window(W) Heb(H)

4-2. Quit ||

1. Select “File (F)” and then “Quit (Q)” from the
BEL menu, That will end the BEL analysis

program.

1 Qi)

- BELMaster

| Fie(F) | Setting(S) ToolT) Window(W) Help(H)

Report setting(R)

‘ Open(o)

{ ]

2. After the dialog box appears as shown on the right, select “Yes (Y)".
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Chapter 5: “Main” window

Depending on the analysis conditions, one of three menus will be displayed in the “Main” window. This chapter
briefly describes the contents of these menus and the function of the items in the menus.

5-1. Initial menu
(The first menu displayed after starting the BEL
analysis program)

BELMaster — eSS

Fie(E) _Setting() TookT) Window(W) Help(H)

; | 5-2. Menu while analyzing data
‘ (When the data is being displayed as a graph)

BELMaster - [Adsorption / desorption isotherm SAMPLEOLDAT] V.
# Fie(E) Analysis(A) Setting(S) Window(W) Heip(H)
B "
SAMPLEOL.DAT Adsorption / desorption isotherm *®
600
# 400
= |
=
g
,\g
.
200
|
0
0 0.5 ¢
e 5 20lay numerical data] WD . (=] & il
=] . | * Fe(E)  Window(W)  Help(H) -8 x
JAdsorption / desorsf
SAMPLEOLDAT || [Ty SAMPLEOLDAT -
| = dsorton desord| | o o measurement s3/10/09
5-3. Menu while analyzing data phleniv
N . . COMMENT2 Pretreatment at 300°C for 2
(When the data is being displayed as o s 1
. |
the numerical data) ndeny vt

Standard volume 31.250 [m?]

s pam g am ry Tamisms
| 4.0719 4.8796E-03 4.73206-03 103.05 4.73506-05 10.833
o eswmo  avmes w0 awwes e

ous e swwes  we swmes s

wi semen  owmes  wme eewes s

¢ nam eme  ewe ww sees sow

T . . T

o na smen  come  me ewss 2

I s ma ome oam wmr awws e
W wm ems e wms smers s
e

B sem sew e swen e

5w sws  sww s sawes s
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5-1. Initial menu |l

1) Menu contents

-

' BELMaster

Fle(E} ~Setting(5} Tool(T) Window(W] Help(H} <i The first menu displayed after starting the BEL

analysis program (no data file is open)

File (F) Open (O) Adsorption/desorpotion isotherm
PCT curve
BET plot
Report settings (R)
Quit (Q)
Settings (S) Routine analysis setting (R)
Adsorbent information (1)
Tools (T) Edit data (E)
Help (H) How to use this program (U)
Version info (V)
2) “File (F)” menu
[ ~/ BELMaster
File(F) I_Setting(S) ToollT) Window(W) Help{H)
Open(0) »
Report setting(R)
Quit(Q}
|
- “Open (0)” menu
( ~* BELMaster
Fle(F} | Setting{S} Tool(T) Window(W) Help(H)
_| Open(0} r | Adsorption | desorption sotherm 7
Report setting(R) PCT curve
Quit(Q) BET plot
T Langmuir plot
| Mesopore distribution analysis »
Open the data analysis window by selecting “File Micropore distribution analysis »
(F)". Then select “Open (O)” and choose an t plot
analysis method. The graphic data analysis o s plot : — -
screen will be displayed. Analysis methods on DA plat This function is used to execute multiple

the menu that are grayed out cannot be selected.

[Reference]
Operation => “File open”, on page 30
Analysis method => Page 62—

Metal dispersion analysis
Isosteric heat of adsorption
Difference of adsorption isoth
Molecular probe plot
MNLDFT/GCMC Pore size di

Routine anahysis

analyses at once. The analyses can be
specified on the “Routine analysis setting’
screen

[Reference]

Operation => Chapter 29

[Routine analysis] => Page 144
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Fle(F) | Settng(S} Tool(T) Window(W) Help(H)

‘ Open(0) 4 ‘ Adserption / desorption isotherm
Report setting(R) PCT curve

Quit(Q) BET plot
Langmuir plot

Mesopare distrbution analysis

Micropore distribution analysis

t plot

o 5 plot

DA plot

Metal disparsion analysis

Isosteric heat of adsorption
Difference of adsorption isotherms
Molecular probe plot

NLDFT/GCMC Pore size distribution an

T

alysis

Routine analysis

Basic Operation

Choose DH plot, BJH plot, CI
plot, or INNES plot from the
“Mesopore distribution analysis”
sub menu.

DH plot
BJH plot
(1 plot

INNES plot

-/ BELMaster

Fle(F) | Setting(S) Tool(T) Window(W) Help(H)

| open(0) v | Adsarption | desorption isotherm
Repart setting(R) PCT curve
Quit{Q) BET plot

Langmuir plot

Mesopore distrbution analysis

t plot

o5 plot

DA plot

Metal dispersion analysis
Isosteric heat of adsorption

Molecular probe plot
MLDFT/GCMC Pore size distribution

Difference of adsorption sotherms

n analysis

Routine analysis

- “Report setting”

The analysis report setting screen will appear.

[Reference]

Operation => Chapter 31: Output an analysis report, on page 145.

Choose MP plot, HK plot,
or SF plot from the
“Micropores distribution
analysis” sub menu.

Note: If Microsoft Excel is not installed on your PC, this function cannot be used.

- “Quit”
Select “File (F)” and then “Quit (Q) ”.

The analysis program will end.
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Basic Operation

3) “Settings (S)” menu

.~ BELMaster

File(F) | Setting(s} | Tool(T)

Routine analysis settings(R)

Window(W)

Help(H}

Adsorptive information(I)

I

- Routine analysis settings (R)

Specify the analysis methods to execute in a routine analysis.
[Reference]

Operation => Chapter 30: How to use [Routine analysis], on page 144.

- Adsorptive information
You can specify the adsorptive information (molecular weight, density, cross sectional area, etc.) to use in

the analysis.

If adsorptive information with an identical adsorption name and adsorption temperature is

encountered while reading a measurement data file, the program will execute an analysis based on this
adsorption information.

Enter an adsorption

name and adsorption

temperature.

“ Adsorptive  [ar

Adsorption

Add the data just
entered to the

adsorption information.

Molecular weight

39.948

temperature 77-000 Density/g cnt3 1.470
Cross sectional area/nn? 0.1660
a0 | [ ogETE || close
/l
Adsorptive ~ Adsorption Molecular sity Cross

€02
H20
Kr
N2

temperature

39.948
44.010
298.00 18.020

27.4 Delete the

record.

currently selected

sectional area

The default adsorptive information data is as follows.

Enter a molecular
weight, density,
and cross section
area.

Adsorptive Adsorption Molecular weight Density / g cm Cross sectional area /nm?
name temperature / k
Ar 77.000 39.948 1.470" 0.166™
Ar 87.000 39.948 1.400"" 0.1427
CO2 298.00 44.010 0.713% 0.216°®
H20 298.00 18.020 0.997* 0.125%®
Kr 77.000 83.800 2.240% 0.202°®
N2 77.000 28.013 0.808" 0.162°®
«Reference»

*1 1SO 15901-3

*21S0O 18757

*3 National Institute of Standards and Technology, http://webbook.nist.gov/chemistry/fluid/

*4 Chemistry handbook basic 4th edition, Chemical Society of Japan, Maruzen Co., LTD.

*5 The properties of GASES & LIQUIDS, 4th edition, Robert C Reid, John M. Prausnitz, Bruce E. Poli
*6 Sicence of adsorption 2nd edition, Seiichi KONDOU, Tatuo ISHIKAWA, lkuo ABE, Maruzen Co., LTD.
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Basic Operation

1) “Tools” menu

- “Edit data (E)”
! BELMaster
‘ Fie(F) Setting(5) | Tool(T)} | Window(W) Help(H}
Select “Tools (T)” and “Edit data (E)’. I/ £ daalt )

Then you can edit the data settings used for
the measurements (sample, adsorbent, and
measurement conditions).

[Reference]
Operation => Edit data, on page 54.

2) “Help (H)” menu

,:f -BELMaster . R S S
Fle(F) Settng(S) Tool(T) Window(W) | Help(H)
How to use(U)

Version info(V)

- “How to use (U)”

Select “Help (H)” and “How to use (U)”. The BELMaster manual can be refer here.
[Reference]

Operation => How to use the analysis program, on page 55.

- “Version info (V)”

Select “Help (H)” and “Version info (V)”. You will find the BELSORP analysis program version information here.
[Reference]

Operation => See BEL analysis program “Version information”, on page 55.
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5-2. Data analysis menus (when the data window is a graph) |l

1) Menu structure

#! BELMaster While analyzing data (more than one data set

_Fle(D) _Settng(s) TookT) _Window() _Heb(t) ——— Idsa?gearr?élt;sliss Tv?:c;‘o"v‘\’/”ilsag%er:;t‘:’he” the active

File Open (O) Additional reading

Adsorption/desorption isotherm
PCT curve
BET plot

Close

Delete the selected data
(Not displayed during the molecular probe analysis)

Report setting

Save as
(Displays only the difference of adsorption
isotherm analysis)

A printing result is output to a file

Print
Quit (Q)

Analysis Display numerical data
(Not displayed during the
Molecular probe analysis)

Adsorption/desorption isotherm
PCT curve
BET plot

Settings (S) Analysis parameters (A)
X-axis display settings (X)

Setting menu during
Molecular probe analysis Y-axis display settings (Y)
Analysis setting

Edit data

Plot settings (L)

Smoothing settings (S)
Routine analysis settings (R)
Adsorptive information (l)

Window (W) Cascade (C)

Tile horizontally (H)
Tile vertically (T)

1 Data name.dat
2 Data name.dat

(Names of current.ly open data files)
Help (H) How to use this program (U)

Version info (1)
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2) “File (F)” menu

~ BELMaster

Fie(F) | Analysis{A) Setting(5) Winc
Open(C) v
Close

Remove selected data

Report setting(R)
Qutput the Graph in a file
Print

Quit(Q)

F|Ie(F]|AnaN5|5[AJ Setting(S)  Window(W) Help(H)

- “Open (O)” menu
» BELMaster /

‘ Open(0) v Read additional datz \

Close Adsorption / desorption isotherm

Remove selected data PCT curve

Report setting(R) BET plot

Output the Graph in 3 file Langmuir plot

Print Mesopore distribution analysis
Micropore distribution analysis

Quit(Q)
£ plot
. s plot
DA plot
Metal dispersion analysis
Isosteric heat of adsorption
Difference of adsorption isotherms
Molecufar probe plot
MLDFT/GCMC Pore size distribution analysis
Routine analysis

13 ”

- “Save as

This function is only available when “Difference of adsorption isotherms” analysis is selected. Save the
“difference of adsorption isotherms” data, shown in the currently active data analysis window, in an adsorption

Select “File (F),” “Open (O),” and then “Read
additional data”. You can display a maximum of five
sets of data overlaid on the currently active data
analysis window.

[Reference]

Operation => Adding data file to active window
(graph), on page 34

N~
S

Select “File (F),” “Open (O),” and then either analysis
method. You can display a different data analysis
(graph) in a new window.  Analysis methods that
are grayed out cannot be selected from the menu.
Select DH plot, BJH plot or Cl plot from the
“Mesopores distribution analysis” sub window.
Select MP plot, HK plot, or SF plot, from the
“Micropores distribution analysis” sub menu.
[Reference]

Operation => “File Open”, on page 30.

Analysis method => Page 62-

isotherm file. The saved data can be analyzed using other analysis methods such as a Langmuir plot.

- “Close”

Select “File (F)” and “Close”.  This will close the currently active data analysis window (graph).

- “Delete selected data”

Select “File (F)” and “Delete selected data”.
box has been selected) in the currently active data analysis window.

- “Report setting”

An analysis report setting screen will appear.

[Reference]

The program will delete the selected data (data whose check

Operation => Chapter 31: Output an analysis report, on page 145.
Note: If Microsoft Excel is not installed on your PC, this function cannot be used.

- “A printting result is output to a file “

Select “File (F)” and “A printting result is output to a file”. You can save the results in a file.
active analysis window of the currently active data analysis window can be saved in bitmap or meta file format.

[Reference]

Operation => 9-1. Saving a data analysis, on page 48.
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- “Print”
Select “File (F)” and “Print”. Then you can print a data analysis graph of the active analysis window.
[Reference]
Operation => Print data analysis (graph), on page 51

- “Quit”
Select “File (F)” and then “Quit (Q)” to end the BEL analysis program.

3) “Analysis (A)” menu
The “Analysis (A)” menu is not displayed if the Molecular probe method analysis window is active.

+ BELMaster - ) ' )9 If you select “Analysis (A)” and then “Display numerical data”,
File(F) | Analysis(A) | Setting(S) Window(W) Heln(H the program will open a new data analysis window and show
Display numerical data you the numerical data. It will display numerical data for the
active data (data whose check box has been selected) in the
currently active window.

Adsorption / desorption isotherm

:; c:”:e [Reference]
P Operation => Display numerical values of data on the graph,
Langmuir plot on page 35.

i Mesopore distribution analysis 3
Micropore distribution analysis »
t plot
o s plot « : » H
oy p| " If you select “Analysis (A)” and then any analysis method, the
plo

program will open a new data analysis window and display
the data for analysis. It displays data analysis for the active
data (data whose check box has been selected) in the
Difference of adsorption isotherms currently active window.
NLDFT/GCMC Pore size distribution analysis Select DH plot, BJH plot, or Cl plot, INNES plot from the

| “Mesopores distribution analysis” sub window. Select MP
plot, HK plot, or SF plot, from the “Micro pores distribution
analysis” sub menu.
[Reference]
Operation => “File open”, on page 29.
Analysis method => Page 62—

Metal dispersion analysis

Isosteric heat of adsorption

4) “Settings (S)” menu

" BELMaster 4 BELMaster
F\Ie(_F_) Anahfsls(i Setting(S) \ Window(w)  Help(H) Fie(F) Settingls) Window(W) Help(H)
Bl Adsorption / desory] Analysis parameters(A) Bl g p
¥-axis display settings(X) = F\_dSD Analysis parameters(A)
Y-axis display settings{Y) ;.. 5 Edit data(E)}
) =} Molec Routine analysis settings{R)
Smoothing settings L. St
Routine analysis settings(R) | |
] Aot sRmetel) When executing a Molecular probe method analysis.

Select “Setting(S)” and then any of the items you want to set. A setting window will open and you can specify
individual settings.
[Reference]
Operation => Chapter 7 “Setting” window, on page 37
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5) “Window (W)” menu

Select “Window (W) “ and then “Cascade (C)”.
Multiple windows are displayed by overlapping them.

! BELMaster — - = =

Fie(F) Analyss(A) Settng(S) Window(W) Heb(H)
5 Adsorption / desorp - =
pLEor oA || P Adsrption desrpion sothem SAVPLEDLDAT

& Adsorpton / desorp|
wPLE20AT |

[E=iE]

SAMPLEO1.DAT(ADS)
SAMPLED1 DAT(DES)

Adsorption / desorption isotherm g

# Adsorption / desorption isotherm SAMPLEO2.DAT = @]

Adsorption / desorption isotherm O SAMPLED2DAT(ADS)
° SAMPLED DAT(DES)

0, SAMPLED3DAT!

Adsorption / desorption isotherm )
@ samPLE03.DAT(DES)

©
8
8

v, fom* (STP) g'
w o
3 3
S g

Select “Window (W)” and then “Tile Horizontally
(H)”. The program will display the windows
arranged horizontally.

TR R B e e (o
Fie(E)

==

@, SPLEROAT(DS)
#° sapE o es)

Adsoretion / desorption isothern

v/l

et viavinsiaem ottt
0 05 1
»ip
[ p—————— [Eica)
_ Adsarption / desorption isotherm 0, swREROIDS)
T 9 . o)
5 6
5 UUSINISS ag
K] —Se—m— 98—
()
0 05 1
riny
2 hssorpton esoptonshem SPLED AT @
R Adsoretion / desorption isothern 0, SRS
w600 . LDAT(E
5 400 -
5 o
8 0
0 05 1
Pip

Basic Operation

Tile Horizontaly(H)
ile Verticaly(V)

Select “Window (W) and then “Tile Vertically (T)”.
The program will display the windows arranged vertically.

6) “Help (H)” menu

- “How to use this program (U)”

Select “Help (H)” and “How to use (U)”. Then you
can read the BELMaster manual.
[Reference]

e
~ BELMaster
s

Help(H)
How to use(U}

File(F)  Analysis(A) Window (W)
=- Adsorption / desorp
SAMPLEOL.DAT

- Adsorption / desorp|

Setting(S)

Version info(V}

Operation => How to use BEL analysis program, on page 54.
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Basic Operation

- “Version info (V)”
Select “Help (H)” and “Version info (V)’. You will see version information about the BELSORP analysis
program.
[Reference]
Operation => “Version information” about the BEL analysis program, on page 54.

7) Right click menu

If you click the right mouse button on any
-,‘_’BELMaster—iAdscrp(ion/dmrptinuim&emSAMPLEOS.DAﬂ pOInt On the CUI'Tent|y aCtIVG graph’ a
E de(F)  Analysis(A) Setting(S) Window(W) Help(H)

[B:=orven / desorpio menu of available analysis methods and
EANEGSEEE hdsorption / desorption isotherm Settings will appear_

900
Read additional data Z

Remove selected data

Disply numerical data
Analysis parameters

X-axis display settings
Y-axis display settings

600 Plot settings

Smoothing settings

Adsarptiar
PCT curve
BET plot
Langmuir plot

7, fem*(STP) g

Mesopore distribution analysis »
Micrapore distribution analysis 3
300 tplot

o s plat

DA plot

Metel dispersion anaiysis

Isasteric heat of adsorption
Difference of adsorption isetherms
NLDFT/GCMC Pore size distribution analysis

p/p,
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5-3. Menus during data analysis (when the active data is numeric) I

1) “File (F)” menu

+7 BELMaster
File(F) ‘ Window(W)  Help(H)
| Print sarptiof]
Save DAT
esorptior
Close DAT
- “Print”
Select “File (F)” and then “Print”.  You can print the numerical data from the active analysis window.
[Reference]

Operation => Print the data analysis (of numerical data), on page 51.

- “Save”
Select “File (F)” and then “Save”. You can save the numerical data from the currently active data analysis
window.
[Reference]
Operation => Save data analysis (numerical data), on page 48.

- “Close”
Select “File (F)” and “Close”. The currently active data analysis window (numerical data) will close.
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Chapter 6: Reading in analysis data

This chapter describes how to read in data that were measured by BELSORP series apparatuses, and how to
display the graphis and numerical.

6-1. “File open”

1. The following methods can be used to select a data analysis file.
Reading data into a new data analysis window

- Select from the analysis program MENU ............cccccuiiiieiiii i e e 2
Read additional data into the active data analysis window.
- Select Additional Data from the analysis program menu ...........c.cccooociiiiiiie e 3

- Select Additional Data from the menu displayed by right clicking the mouse on a graph .... 4

2. To open a file in a new data analysis window, select “File (F)” and then “Open (O). Then pick a file (and an

analysis method).

' BELMaster 1 BELMaster
E—
File(F) | Setting(S}  ToollT) Window(W} Help(H) Fle(F) | Analysis(4) Setting(s) Windgw(W)  Help(H) /
| Open(Q) k] Adsorption / desorption isotherm | Open(0) v | £ Read additional data
Report setting(R) PCT curve Coge Adsorption / desorption isotherm
Quit(Q) BET plot Remove selected data PCT curve
Langmuir plot Report setting(R) BET plot
Mesopore distribution analysis » Output the Graph in a file Langmuir piot
Micropore distribution analysis 3 Print Mesopore distribution analysis »
t plat Quit(Q) Micropore distribution analysis »
o s plot > Lot
DA plot s 4 @ s plat

Metal dispersion analysis

L\/

I DA plot
Metal dispersion analysis

Isosteric heat of adsorption
Isosteric heat of adsorption

Difference of adsorption isotherms e o S T

| Molecular probe plat

I Molecular probe plot
HLDFT/GCMC Pore size distribution analysis NLDFT/GCMC Pore size distribution analysis
Routine analysis } KF{Dutine analysis
Initial menu Menu while analyzing data

3. To add data to the active data analysis window, select “File (F)”, “Open (O)” and then “Read additional data”.
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4. Move the cursor on the graph and click the right mouse button.

that pops up to add data to the active data analysis window.

Basic Operation

Select “Read additional data” from the menu

.~ BELMaster - [Adsorption / desarption isotherm SAMPLEOLDAT]

" File(F)

AMPLEOL.DAT

mi

Analysis{A}

Setting(5)

Window (W)

Help{H}

on [ desorptio

5. After step 2, 3 or 4, the “File open” window shown below will appear.

6. Select the data file you want to analyze, and click the [OPEN] button.

file.

; ; . @
Adsorption / desorption isotherr @

60

S
=

¥, fom*(STP) g

ra
<

Read additionzl data
Remove selected data

Display numerical data

Analysis parameters

X-axis display settings

Y-axis display settings

Plot settings

Smoothing settings

Adsarption / desorption sotherm
PCT curve

BET plot

Langmuir plot

Mesopore distribution analysis
Micropore distribution analysis

t plot

o s plot

DA plot

Metal dispersion analysis

Isosteric heat of adsorption
Difference of adsorption isotherms
MNLDFT/GCMC Pore size distribution analysis

P ipy

Current Folder C:\Users\userl\Desktop\USER1\demo data
A‘
=Bl Desktop || Tame ,  COMMENT fidzor lempe Date of mda *
{53 userl r :

201

1. Public || H. o ittt =
M computer |7 || [Aerosil200st  Aerosil 200 295 200105423
¥ Network ‘ . i b
Controd PapT SAMPLEDT.D  Activated carbor'! (Typical Ty N2 7 1989,10/09 ‘
<] Administ | |SAMPLEDZD TIO-B (Typical Type W2 77 1988/09/08
1 :g Q:i'ﬁf‘; SAMPLEOZ.D Develosil 100 (Tupical Typ N2 77 1089/07/2%5
; Default | SHMPLED4.D Activated Garbon (Twpe W Iz H2O 298 199102409
&) Ease of SAMPLEDS.D Polvsilicate (Type W1 Lzath Kr 7 1994./05,14
\? Eoegﬁork SBMPLEZ0.D  Activated carbon  (Tvpical Ty N2 7 1989,10/09
Performz SAMPLESN.D Develosil 100 (Tvpical Typ N2 i 1989./07/25 i
g Persanal ™ | |SaMPLESTD  JRO-SI0-5 N T 1eEu/Efn
Selected Fle  |AEROSIL.DAT
(o)
— —

The program will read in the specified

Open multiple data files by holding down the [Ctrl] key and clicking on the various files you want.
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- (= [ E) ]

ion / desorption isotherm SAMPLEOLDAT]
- & x

E0) &) Settng(s) Wndow(@) _Heb(t)

7. The program will analyze the data using the specifie

Bl adsorption / desorpt Edbonbton o 4 7 3 © SAMPLEOLDAT(ADS)
SAMPLEOL.DAT sorption / desorption isotherm @ SAMPLEO1.DAT(DES)
d analysis method and display a data analysis graph. 600
The figure on the right is an example of an adsor
-ption/desorption isotherm. L -
g |
200‘
.
0 0.5 1
pipy

8. To change the order in which data is listed, click on the name of an item on the top line, such as “File name” or
“‘comment name”. The program will sort the list according to the selected item. An up arrow “A“ on the left of

the item name means that the data are displayed in ascending order. A down arrow “V* on the left means that

the data are displayed in descending order.

6-2. Analysis of active data (graph) |l

1. Two procedures can be used to analyze the currently graphed data using another analysis method.

- Select from the BEL analysis program MENU ...........c.ccorueeeeiniiieinieie e e e
- Click the right mouse button on the graph and select from the menu that pops up

2. Select the data you want to analyze. If more than two data curves are drawn in a window, check the box for

data you want to analyze.

+ BELMaster - [Adsorption / desarption isotherm SAMPLE30.DAT] (= E
# Fie(F) Analysis(A) Setting(5) Window(W) Help(H) -8 X%
[=! Adsorption / desorpt] @, SAMPLE20.DAT(ADS)

i~ SAMPLE20.DAT i . ( it 2l
hdsorption / desorption isotherm 8% SAMPLE20.DAT(DES)

|- SAMPLE30.DAT
900 © 5 SAMPLE30.DAT(ADS)
"% SAMPLE30.DAT(DES)

=)
2
=}

v, fem® STP) o'
a 8

s
=3
=3
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Basic Operation

=" BELMaster - [Adsorption / desorption isotherm SAMPLE30.DAT]

3. Select “Analysis (A)” and then an analysis

¥ Fie(F) | Analysis(A) | Setting(5)  Window(W) Help(H)

method from the “Analysis” method menu. [BY Adsorptio Display numerical data
AN Adsorption / desorption sathe
SAMP Adsorption / desorption isotherm

PCT curve
| BETplot 411’3

Langrmuir plot

Mesopore distribution analysis b
Micropore distribution analysis 3
t plot

o s plot

DA plot

Metzl dispersion analysis

Isosteric heat of adsorption

Difference of adsorption isotherms
MLDFT/GCMC Pare size distribution analysis

~# BELMaster - [Adsorption / desorption isotherm SAMPLE30.DAT]

4. Move the cursor onto the graph and click the

# Fie(F) Analysis(A) Setting(S} Window(W) Help(H)

right mouse button. The analysis methods R csorion | desoit

SAMPLE20.DAT bdsmrntion 4 desarnt s
. SAMPLE30.DAT Read additional data
menu will appear. Select a method from Remove selected data f—

this menu. Display numerical data

Analysis parameters
¥-axis display settings
Y-axis display settings
Plot settings
Smoothing settings

Adsorption / desorption isotherm

PCT curve

BET plot )

Langmuir plot 4

Mesopore distribution analysis 3
Micropore distribution analysis [ .
L plot

o s plot

DA plot

Metal dispersion analysis

Isosteric heat of adsorption

Difference of adsorption isotherms

MLDFT/GCMC Pore siza distribution analysis I
1) o e

Mean pore diameter [om]  13.691

4. Anew data analysis window e S — —
'SAMPLE30.DAT BET-Plot - e o
will be opened, and a graph of 0.0803
the specified analysis will be
displayed.
The figure on the right is an A S
6.0E03 O coitint oo
example of a “BET plot”. SP—
- 3, (m2971) 3.0533€+02
-‘: c 93.578
S / Total pore volume(cm? g7]  1.0604
N p (ply=0.990)

3.0E-03 /

0.0E+00

0.25 0.5
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6-3. Adding data files to the active window (graph)

1. You can add another data analysis curve to the current analysis graph window. The curves will be overlapped.

The following three methods can be used for reading in additional data.

- Select from the BEL analysis program MENU ...........c.cceerueieiirieeeiiiene e nneeeesiee e 3

- Click the right mouse button on the graph and select from the menu that pops up........ 4

= Drag @nd ArOP ..oooeeeeeeiiee e 5t0 8

The maximum number of data sets that can be read in one window is as follows.

- Difference of adsorption isotherms and an iisosteric heat of adsorption:...................... Two data set per window
- Molecular probe method.............ooo i One data sets per window
- Adsorption/desorption isotherm and analysis methods other than those above:............ Five data set per window

2. Click on the data analysis window you want to add to, to make it active.

3. Se|eCt “File (F)," nopen (O)n and then “Read _.—:"“EELMasler - [Adsorption / desorption isotherm SAMPLE20.DAT] -
;" File(F) | Analysis(A)  Setting(S) Window(W)  Help(H) 3
additional data” on the analysis program menu. =] opento) » [ Read additional data
wp no . Sl Adsorption / desorption isotherm t
The “File open” window will appear. Select a T e 3
file. Report setting(R) BET plot
Output the Graph in 2 file Langmuir plot
[Reference] Print Mesopore distribution analysis 3
Micropore distribution analysis 3
How to select a file => “File open”, on page 30. i) ot
o s plot
- 400 DA plot =]
,i-r‘ Metal dispersion analysis
_& Isosteric heat of adsorption
S—J' Difference of adsorption sotherms
g Molecular probe plot
;-: NLDFT/GCMC Pore size distribution analysis
200 Routine analysis -
T |

! BELMaster - [Adsorption / desorption isotherm SAMPLE20.DAT]

4. Or, move the cursor on the graph and click the right

File(F) ) Setting(S) Window(W) Help(H)

mouse button. You can select “Read additional
. Adsorption / desorpt
data” from the pop-up menu. The “File open” | Read additional ata 4

Remove selected data

window will appear. Select the data file from it.
Display numerical data

Analysis parameters
X-axis display settings
[Reference] Y-axis display settings
1 S » Plot settings
How to select a file => “File open”, on page 30. diatiing cottis =
Adsorption / desorption sotherm

PCT curve

BET plot

Langmuir plot

Mesopore distribution analysis 3
Micropore distribution analysis [ &8
t plot

. s plot

DA plot

Metal dispersion analysis

Isasteric heat of adsorption

Difference of adsorption isotherms
NLDFT/GCMC Pore size distribution analysis

34



# BELMaster

5. You can add data from another data FeF) _mmaveea) _Settng(s) _Wndon() _Reb()
& mg;;f;:'&; [?E:?t  Adsorption / desorption isotherm SAMPLE20.DAT
analysis window to the current graph by LR » adsorption / desorption isothern Q@ Somzsoutiny
. . SAMPLE20.DAT ) MPLE31.DAT(ADS)
dragging and dropping. i H Xs}\
E:'[i 600 6
23
6. Select the data you want to add to another L Wi 7
e
analysis graph. 0 mef_
0 0.5

1 i
p/py

7. Click the left mouse button on the graph. 7 Pt AP DA el
. . B q,;;-,;_ Y . BET-P ot ©© SAMPLE20.DAT(ADS)
The icon will change to L‘_, 0”.  This 3.0E-03 8
means that dragging and dropping is I —_—
= 2.0E-03
possible with the selected graph. 2 /
\Q 1.0E-03
Starting point 3 = End point 15
8. Keep the left mouse button pressed and 0.0m+00@ P s o 310303
.2 A Intercept 1.7012E-06
Correlation coefficient 0.9998
move the mouse to the graph you want to N /7,

add to. Then, release the left mouse

button.

9. After analyzing data using a specified analysis method, the program displays this data overlapped on the

graph.

6-4. Display the numerical values of data on the graph

1. Two procedures can be used to display the numerical values of data on the current graph.

- Select the data set from the BEL analysis program MenuU ............ccceeeirmeieiiiiieeniieee e 3
- Select the data from the menu that pops up when you click the right mouse button ................... 4
. 1+ BELMaster - [Adsorption / desorption isotherm SAMPLE20.DAT] = E S
2. Select the data set you want to display as P R o) settna(@ Wedonu) Hepdd “ax
numbers. If more than two data sets are A hdsoretion #idesoretivn fsothern o® wnononos (@ 2
’ ’ 200 ©,_ SAMPLE31.DAT(ADS)
. 3 SAMPLE31.DAT(DES)
drawn on a window, check the box for the
data you want to display.
600 F’%

¥, lom’ (STP) g

w

=1

=3
oo

rlp

~/ BELMaster - [Adsarption / desorption isotherm SAMPLE20.DAT]

3. Select “Analysis (A)” and then “Display _
¥ Fie(E) | Analysis(4) | Setting(§) Window(W) Help(H)

numerical data” from the BEL analysis program

= | Display numerical data I
menu. | I e oe—
L Adsaorption [/ desorption isatherm 3
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Move the cursor on the graph and click the
right mouse button. Select “Display

numerical data” from the pop-up menu.

A new data analysis window will open and
display the numerical data from the specified

data analysis.

.~ BELMaster - [Adsorption / desorption isotherm SAMPLE2ODAT]

¥ Fle(R)

Analysis(A)

Setting(S) Window(W) Help(H}

Read additional data
Remove selected dats

tio

Display numerical data

! BELMaster - [Display numerical data]

P Fle())  Window(W)

Heb(H)

SAMPLE20.DAT
& Adsorption / desorpt]
SAMPLE20.DAT
SAMPLE31.DAT

« (i '

File Name

Date of measurement

Time of measurement

SAMPLE20.DAT £
89/10/09
05:35:24.

COMMENT{ Activated carbon ()
COMMENT2 Pretreatment at 300°
COMMENT3 sample weight : 0.1
COMMENT4
Serial number BEL3S
Version verL.o
Sample weight 0.1059 [g]
Standard volume 31.250 [em?]
Dead volume 34.123 [cm?]
Equilibrium time 200 [SEC]
Adsarptive N2
Apparatus temperature 30.000 [C] &
B i ] v
No IkPa pelkPa pedkFa 2ykPa 2ip, v, /omi SRS~
05}
1 4.0719 4.8706E-03 47320603 103.05 47350605 10.833
2 6.7301 “6.6661E-04 -6.1328E-04 103.05 -6.4688E-06 28.683 |,
3 9.4153 3.1997E-03 3.19976-03 103.02 3.1058E-05 53.650
4 12102 6.8128E-03 7.17276-03 102.81 6.6267E-05 85.739
5 12204 1.0879E-02 1.0786E-02 102.78 1.0585E-04 118.08 | |
6 12221 1.6332E-02 1.6479E-02 102.78 1.5891E-04 150.44
7 12239 2.8584E-02 28638602 102.78 27812604 182.80
8 12204 6.9834E-02 7.02886-02 102.81 6.7927E-04 214.89
9 12229 0.2448 0.2456 102.77 2.38236-03 246,17
10 12358 0.8223 0.8346 102.81 8.0040E-03 274.78
1 12229 20120 20100 102.81 1.9571E-02 208.47
12 12231 26281 3.6406 102.82 3.5286E-02 316.60
13 12202 5.3849 54038 102.78 5.2304E-02 32056
1 12232 7.0401 7.0738 102.80 6.8570E-02 328.44
15 12229 8.4744 8.5038 102.77 8.2461E-02 31421
16 20,566 12.208 12.351 102.76 0.1108 354.03
17 27.525 17.955 18.015 102.70 0.1748 363.85
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Chapter 7: “Setting” window

This chapter describes various parameter settings used for the analysis, graphic display and printing. Two
methods can be used to display the “Settings” window.
- Select “Settings” from the measurement software menu.
- Put the cursor on the graph, right click and select the “Settings” from the popup menu.

When through setting the items, click the [OK] button and the settings will become effective. If you click [Set as
the default value], the current settings will be stored as the default settings. Default settings are created for each type
of analysis.

7-1. Analysis parameters

Specify the various parameters used for the calculations performed by each analysis in the “Analysis parameters”
window. Below we describe how to set “Interpolate curve,” “Pressure unit,” and the “Data setting”. For details, see
the operation description form each analysis type.

= Analysis parameters [090930-1-052.... | = | &I
Analysis Initial Value
] Interpolate curve Pressure Unit
@ kPa
1 Torr
[¥] Calculate mean pore diameter. pelative pressure for
[¥] Caleulate mean partide size. AR Yakame tocaatan
0.990
Data setting =
Adsorptive N2 TEMP: K 77
Molecular weight Density 2 [a em3]
28.013 0.808
Cross sectional area [nm 2]
0.1620
Sample o o3 ———————
densty = lg ! | Wirite in file |
0.000
' Use pressure range setting.
0,100 - |G.o68
! Single Point Method
Relative pressure G.3
@ Type I{IS0 9277}
| setasthe defeuvalie | | ok || canceL |

Analysis setting window for the BET plot.

1) Settings to “Interpolate curve”
Three methods can be used to draw an interpolated curve on a graph: “Linear,” “3 dimensional spline curve”
and “Bezier curve”.

Lingar ««-reerreerereeereeneeeeeeeens Click off “Interpolate curve”.
3 dimensional spline curve -+ Click on “Interpolate curve,” and then click on “3dimensional spline curve”.
Bezier curve croeeeeeeeseeiiiiinn Click the “Interpolate curve,” and then click the “Bezier curve”.

2) Pressure unit for numeric data
The “pressure unit” selection section will be seen on the analysis setting screen for analyses other than the
“adsorption/desorption isotherm” analysis.
This setting allows you to choose “kPa” or “Torr” as the pressure unit when displaying numerical data.
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Note: In the “adsorption/desorption isotherm” analysis, you can choose the pressure unit to use for numerical data
on the “X axis display settings” window.

3) Data setting
The density and adsorption molecular weight, as well as the sample molecular weight must be entered,
depending on the analysis method. You can enter these parameters in this window.

Adsorptive molecular weight Enter the molecular weight of the adsorptive
Cross sectional area Enter the Cross sectional area [nm?]
Adsorptive density Enter the density [g cm™] of the adsorptive

If the adsorptive name does not exist and the adsorption temperature is not
in the adsorptive information record, click this button. The adsorptive
molecular weight, cross sectional area, and density that are currently
[Add to adsorptive list] button entered can be added to the listt To change or delete adsorptive
information that has already been recorded, select “Settings” and then
“Adsorptive info.”

[Reference] => “Setting” menu, on page 22.

Adsorbent molecular weight Enter the molecular weight of the samples.
Sample density Enter the density of the sample (g cm™).
Sample specific surface area Enter the specific area of the sample (m? g').

Save the sample molecular weight, sample density, and sample specific
area currently entered in the measured data file.

[Write in file] button

7-2. X axis display settings

You can change the maximum value, minimum value, and scale resolution on the “X-axis display settings”
window.

You can also change the units and notation.

Click on the [Set as the default values] button, and the currently set values will become the default for that
analysis.

! X-axis display settings |_|:||——|&J
X-axis display sefttings
Automatic
[¥] Max. value 1.0000 [~] Display logarithmic scale

[¥] Min. value 0.0000 [¥] Display grid line

[¥] Scale resolution [7.5000

Unit 7] Specify notation.
® pip,
o p /kPa
Number of decimals
@ p /Torr l—
) RE(%)
[ Set as the default value | [ ok || cancer |

“X-axis display settings” window for adsorption isotherm.
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Automatic

Switch between auto/manual for the maximum and minimum values and the scale
resolution of an axis.

Setting input box

When you want to enter the maximum, minimum, and scale resolution manually,
change [Autmatic check box] by clicking off it. Then enter the values as numbers.

Unit

Select the units for the X axis. The units that can be selected vary with the analysis
type.

Display logarithmic scale

Select whether or not to display a logarithmic scale.
cannot enter 0 as the maximum or minimum values.

When this is selected, you

Display grid line

Select whether or not to display grid lines on the graph.

Specify notation

By clicking this check box, you can select the notation used for the scales. Choose
between the numerical value and the exponent (If this box is not checked, the display
will be set automatically.).

Then number of digits below decimal can be entered here.

7-3. Y axis display settings I

You can change the maximum value, the minimum value and the scale resolution on the “Y-axis display settings”

window.

You can also change the units and notation.
Click on the [Set as the default values] button, and the currently set values will become the default for that

analysis.
&+ Y-axis display settings = !
Y-axis display settings
Automatic
[#] Max. value 240.00 [”] Display logarithmic scale
[¥] Min. value 0.0000 [V Display grid line
[¥] Scale resolution  80.000
Unit [ Specify notation.
3 R 5
@ V_ /em ' (S8TP) g
S
o om, /mgg
7 2
TREEE Murmber of decimals
. ’ =
), /mol mol f
. ’ G
' n, /molg
o wit /%
Uoos
| setasthe default value [ ok |[ cancer |
“Y-axis display settings” window for adsorption isotherm.
Automatic Switch between auto/manual for the maximum and minimum values and the scale

resolution of an axis.

Setting input box

When you want to enter the maximum, minimum, and scale resolution manually, change
[Autmatic check box] by clicking off it. Then enter the values as numbers.

Unit

Select the units for the Y axis. The units that can be selected vary with the analysis type.

Display logarithmic scale

Select whether or not to display a logarithmic scale. When this is selected, you cannot
enter 0 as the maximum or minimum values.

Display grid line

Select whether or not to display grid lines on the graph.

Specify notation

By clicking this check box, you can select the notation used for the scales. Choose
between the numerical value and the exponent (If this box is not checked, the display will
be set automatically.).

Then number of digits below decimal can be entered here.
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7-4. Plot settings |l

The line types and markers for graph display can be specified on the “Plot settings” screen.
Click the [Set as the default value] button to save the current settings as the default.

Note: You cannot specify the “Plot settings” with the “Molecular probe method”.  However, you
can do so in the “Analysis settings”.

' Plot setting

Line setting
Mo.l MNe.2  MNo.2 Mo.4 MNe.3  MNo.s Mo/ Me.2  MNe.®  Ne.l0

Sold line @ @ @ @ @ @ @ @ @ @
Dashed line
Dotted line

Dash-dot line

Dash-dot-dot
ine

Mo fine

Marker setting

Adsorption
branch & ¥
® -

e 0
4| 4
e 0
| 4
u:a.©
4| 4
‘@0
4| 4
“® 0
B 4] o«
e 0
4] 4
Y@ 0
4| 4
“® 0
| 4
‘e 0
4| 4

Desorption
branch

Size 9

w
w
w
i
w
w
w
w

Line width 5
for printing ol 3

Graph marker color setting

| Set as the default value | | 0K | | CANCEL |

“Plot setting” window

Line setting Select the line type for data No. 1 to 10.

Line width for printing Select the line thickness to use when printing.
Adsorption branch Select the data point marker for the adsorption side.
Desorption branch Select the data point marker for the desorption side.
Size (marker size) Set the marker size.

Graphic marker color setting Select the colors used for markers and lines.
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7-5. Smoothing settings I

The selected data analysis results can be smoothed with these settings.

5 = —. 5
+ Smoothing settings + Smoothing settings pw|el=]
@ Active Data (D) All data @ ADS ©) DES @ Active Data I dats
Start Point |1 =  End Point [28 2 StartPoint 1 =] End Point [17] &2

- -

Processing Mark (1 == Point Processing Mark |1 2 Paint

Average Spine Execute | | RETURN || cANCEL Average Spine Execute | | RETURN || caNCEL

“Smoothing settings” window for the w . S
. L Smoothing settings” window for other analyses.
adsorption/desorption isotherm

Active Data or All data Select a data, “Active Data” or “All data”, for the smoothing.

Active Data Select a branch for the smoothing process on the “adsorption/desorption”

@ ADS ) DES graph.

Starting Point §___1_ |& Specify a smoothing starting point in the data.

End Point (50 |3

Specify a smoothing end point in the data.

Processing Mark Ej_ |% Point

Specify the number of processing points to smooth.

[Average Spline Execute] button

Smooth the data.

[RETURN] button

Return the data to their condition before smoothing.

[CANCEL] button

End the process and close the window.
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Chapter 8: Data analysis window

A “graphic” window and a “numerical value data” window are available to display the data analysis. This chapter
describes the operations common to the “graphic” window. For details about operations specific to each analysis
method, see Chapters 11 to 31.

8-1. Display plot data details

You can display coordinates of the plot data on a graph using the procedures below.

Plot SAMPLESLDAT] 3 e

Setng(s)  Wndow(W) _Heb(H) - Sex

1. Select the plot data to display. When more

©© SAMPLE31.DAT(ADS)

than two data curves are displayed on the o01s i
same graph, click the check box of each data
set whose coordinates you want to display.
A T
2. Move the pointer to the plot data set whose :; R e
coordinate values you want to display, and click -
the left mouse button while pressing the [Alt] "
key. fr/
/ i .

o -3
0 005 0.1 0.15 0.2 025 0.3 0.35 0.4 0.45 0.5

pipg
3. The coordinates of the position you clicked on
are shown on the left of the status bar (bottom
bar on the screen).
BELMaster - [BET-Plot SAMPLESLDAT] (=]E
4. The data number of the data nearest to the LI el i — 2%
. . . . e SAMPLE31.DAT BET-Plot Be; SAve e EATAR]
position you clicked on, and its coordinates, o -
are displayed on the right side of the status
bar. )
CoE Ao
B /i G o
N / ? e (M2 071] o
= Yy Total pore voumefcm® 1] 0.9877
Y (p12,=0.9%) I
Mean pore diameter [nm] 20.303
0.005

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

03 =3.1940E-03
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8-2. Setting the linear regression start and end points.

1. When analyses use the linear regression function (e.g. BET plot, Langmuir plot, t plot, as plot, DA plot, and

metal distribution ratio), boxes will appear on the right of the graph to let you enter start and end points.

2. By changing these values, you can change the objective linear regression range.

The numbers can be

changed by entering a new value or by pressing the AV buttons on the right of the boxes.

3. If you want to delete a line, enter the same value for both the start and end points.

The line will be deleted.

[ 1 i 1
1 B an
w0 & el |
+ BELMaster - [t-Plot MMP%EE&PAT{" EN"EI‘;E
# Fle(F) Anayss(A) Setthg(S) Window(W) Help(H) \ , - ax

£ Adsorption / des]
SAMPLED1.D)
=1t method |

t-Plot

450

- SAMPLEDL.D,

@@ SAMPLEOL.D:

43

300
Tan
—
“-[:. Starting peint |0 End point 1
23 Slope 1035.9
L= Intercept 0.0000
3
nF a, [m2 g-1] 1596.3
150 v, [em? g77] 0.0000
starting point |32 End point 33
Slope 8.2272
Intercept 383.07
3, m2 g1 12.678
0 v, [em3 g1] 0.5939
0 1 2 2t[m] 0.7455
t /nm
v
X=0.5966: V=387.74 n(ADS)=18 X=0.6000: Y=378.26 / |
/ \
I | T
H |
sp |3 ER 43
i 1 |




Basic Operation

8-3. Displaying numerical data from a graph |l

This function displays the numerical data |~ &

. Fle(F) | Analysis(A) | Setting(s)  Window(W) Help(H)
for the graph data currently being o] omy mamealde >
analyzed. | e \ Select the data to
cEl e be made active.
S Langmuir plot
. . S Mesopore distribution analysis »
1. Click the active data check box L (- i BET-Plot
tplot C AMPLE20.DAT(ADS)
on the data analysis window for b st hhatay
. Metal dispersion analysis
the data you want to display. it e
Difference of adsorption isotherms
NLDFT/GCMC Pore size distrbution analysis /@(

P et

-
0.25 .5 Starting point 7 B End pont |14 \Z“
- b Slope 3.1566E-03
Intercept 2.5877E-06
pip, L
Correlation coefficient 0.9998

2. Select “Analysis (A)” and “Display numerical data” from the BEL analysis program menu, or move the cursor on

the graph and click the right mouse button. Then select “Display numerical data” from the pop up menu.

3. Anew data analysis window will open and a list of the active data and header information will be displayed.

1 BELMaster TR .. B -

File(F) Window(W) Help(H)
- Adsorption / deg

SAMPLE31.D,| 3
EYoeT method(Dis BET-Plot ©F SAMPLED3.DAT(ADS)
0.015 @@ SAMPLE20.DAT(ADS) K
@0 SAMPLE3LDAT(ADS) Analysis results

= BET method
SAMPLED3.D,
SAMPLEZ0.D,
SAMPLE31.D,

Header information [Fie rame prv—

tg_of measurement 89/10/09
05:35:24

Starting point

End point
Slope. S66E-03 |E

COMMENT1 Activated o Intercept 2\|877E-06
COMMENT2 Pretreatmel Correlation coefficient 0.9998
COMMENT3 Sample wei [ 316.54 [cm3

COMMENT4 - p— 1.3777E+03 7

Time of measurement

Plpy PV (p-2)

0.0000 0.0000
4730605 43707606 r
GAGBBE06 22552607
List of graphed data 2105805 5.7893E-07
66267605 7.7284E07
10585604 B.9648E-07
15891604 1.0S65E-06

2.7812E-04 1.5218E-06
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Basic Operation

8-4. Analyze the active data by using another analysis method I

The data for used in analysis methods other than the molecular probe method are based on a common format.
Therefore, the data already opened can be analyzed with other analysis methods.

1. Move the cursor on the graph of the data analysis window and click the right mouse button. Or, select

“Analysis (A)” from the BEL analysis program menu. The analysis menu will appear.

o
File(F)  Analysis(A)
oo

‘SAMPLE20.D, [= e Je=l

| Adsorption / desorption isotherm g SAMPLEZ.DAT(ADS)
2® SAMPLE).DATIDE:

Settng(S)  Window(W)  Help(H)

Read additional data
Remove selected data

Display numerical data.

‘Analysis parameters
X-axis display settings
Y-axis display sattings
Plot settings
‘Smoothing settings

¥, fem*(STP) g'

Adsorption / desorption isotherm

PCT curve

BET plot

Langmuir plot

Mesopore distribution analysis »
Micropore distribution analysis. »
tplot

s plot.

DA plot

Metal dispersion analysis

Isosteric heat of adsorption
Difference of adsorption isotherms
1 NLDFT/GCMC Pore sze distribution analysis

2. After selecting an analysis method, a new data analysis window will open. The program starts analysis of the
data specified in the original graph. The figure below shows the results of executing a “BET analysis” from an

“Adsorption / desorption isotherm”.

T/ BELMaster e .: 3 ) ——=
Fle(E) Anabss() SettnolS) Wndow(W) _Helb(e)
i Adsarption | des |y on | desaptin therm SAMPLEZD DAT SEEl

SAMPLE20.D)

[eeT method | Adsorption / desorption isotherm —©g SAMPLE20DAT(ADS)
SAMPLEZ0.D) 255 @ sampLE20.DAT(DES)

»
=)

BET-Plot ©@ SAMPLE20.DAT(ADS)

¥, fem’(STP) g

9
=)

Swringpont 15 (5| Endpomt [22 5]
Slope 5.1864E-03
1.0E-03 Intercept -2.8296E:04
0.9886

PIV(pep)

Carrelation coefficient

V,, em3(STP) g-1] 203.94

g M2 g1 8.8763E+02
< -1.7329E+01
0.0E+00 Total pore volume[em® g-1]  0.6358
0.25 0.5 (#15,=0.9%0)

Mean pore diameter [nm] 2.8649
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8-5. Transfer the data using the drag and drop function

When a data analysis window is already open, you can transfer the data by dragging and dropping the graph data.

Fle(E) Analyss(A) Setting(S) Window(W) Heb(H)
TR T gorpion desoptionsetherm SAVPLESSDAT
[UZ:‘E:: " Adsorption / desorption isothern 1. Confirm that data you want to transfer
has been selected.
600
300 ow®® ™Y - T
¢ 0
— 2. Move the cursor on the graph while
seT-plot holding down the left mouse button
9.0E-03 . .
(The icon will change.).
6.0E-03
,«"//
3.0E-03 .
0 0.25 0.5
Vp lem3(STP) 9711 62.327
PPy g per (2 g71) 2.

Fle(f) Anabyss(d) _Setthols) Wndow(W) _Heb(t)

/.
ST [ o o e SRERORT
s, o o
2 BET method. Adsorption / desorption isotherm :
SAMPLED3.D, 900 5 s
% saMpLER3.DAT(DES)
2 600 ::",?4(‘
Z s
2 L
B S e
g 300 =
.
o
| e
{ DUPRRPNIP S S s o
0

3. Move the cursor to the data analysis
window you want to transfer data to

54 BET-Plot SAMPLED3 DAT

BET
o while holding down the left mouse
som0s button. Then, release the left mouse
E button.
1 3.0E-03
o -
Vp [em3(sTP) 73] 62327
- a9 o

Fle(f) _Analvs(4) _Settinols) _Window(W) _eb(t)

& Adsorption | e[ 5% Adsorption desorption ectherm SAMPLEX OAT

SupLE200
[ Adsorption / desorption isothern 4. The data and graph will be added to
SAMPLESDY 20 ©,, SAMPLED3DAT(ADS) .
SAMPLE, @ SAMPLEN3 DAT(DES) that WlndOW
= 600
7
2 his o
5 owetr—t—es e et —eve—e—egfegoe =
A% 300 [z# o S
B
ece—e
o
o 0.5 1
2
BTt SAMPLER AT G
— 00 savpLEs3oaT(AOS
9.0E-03 ©@© SAMPLE20.DAT(ADS)
r
&
6.0E-03 e
e
&
= 3.0E03 el -~
”—s«v/& startngpont 10 5] endpoint 7
L e Siope 624003
ntrcept 2ommE00
0.0E+00 % Correlation coeffcient 0.9889
25 0.
v,y [em¥(sTP) 9711 18751
PP, gy 29 816156402
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8-6. Displaying the sub screen

86 Displaying thesubsereen |

S BEL Master - [Adsorption / desorption isotherm SAMPLEO1.DAT]

1.

The file name for the currently analyzed graph
data is displayed on the sub screen.

2. Even after graph data is deleted from the main

screen, the analysis method and file name will
be retained. (If you execute “Delete”, the
analysis method and file name on the sub
screen will be deleted. )

To re-display a graph after it is closed on the
main screen, activate the analysis method for
the data to be re-displayed on the sub screen (it
will be displayed in blue), and click the mouse

right button to show the window indicated as 3.

If you select “Re-display”, the relevant graph will
be re-displayed.

To destroy data, activate the analysis method for
the data to be destroyed on the sub screen (it
will be displayed in blue), and click the mouse

right button to show the window indicated as 4

If you select “Destroy”, the relevant graph will be
deleted.

P9 File(F) Analsis(A) Setting(S) Window(W) Help(H)
~gadsorption / desorps
" SAMPLEDL.DAT |

S BEL Master - [A.dso!'ptiun ! desur_[_:tion isotherm SAMPLEO1.DAT]

9% File(F) Analsis(A) Setting(S) Window(W) Help(H)

= fﬂﬁ T

.. SAMPLEQL.DAT

B BELMaster

Fle(F) Setting{5)} ToollT) Window(W) Help(H)

. pre————

. SAMPLEO1.DAT

Re-display |

Melease

Bl BELMaster

File(F) Setting(5} ToollT) Window(W) Help(H)

Re-display

. SAMPL

Release
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Chapter 9: Saving and printing analysis results

Graphs and numerical data analyses can be saved in a file and printed on paper.
It also describes how to edit measured data (the measurement conditions for a

save and print the analysis results.

sample weight) and it covers the help function.

This chapter describes how to

9-1. Save data analysis

Ot Savedataanatysis ]

1) Save data analysis (graph)
A data analysis graph can be saved as a bitmap file or a meta file.

graphs output by selecting “File” and “Print”.

1.

Make the analysis window of the

graph you want to save active.

2. Select “File (F)” and then “Output

the graph in a file” from the BEL

analysis program menu.

3. The “Save As” window shown on the

right will appear.

4. Select a file type (Bitmap File / Meta
File).

5. Specify a folder to save the file in and

enter a file name.

6. Click the [Save] button.
The program will save the graph of
the currently active data analysis

window in a chiced file.

The saved image corresponds to the

*4sececscrsnnasy

e

*eenenes.
*eio o

5 e,
-
-

\
..

1 Save As

@vq < userl » Desktop » BELSORP dats < L search

| Organize ~ ‘erv'v:

[E| Documents

B Deskiop

| RecentPlaces

/M Computer

B Pictures

B Music

[# Recently Changed
BB Searches

Public

Folders ~

~ ~ew Folder

Date modif.. Type Size
This folder is empty.

Name

File na

“ Hide Folders

isotherm

Save as typg#fBitmap File ("EMP

| [ Goncel |

[ save
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Basic Operation

7. The figure on the right is an example of a graph that has been (e ey KB o e e £

saved. It can be used with other programs.
Ty 600
] S .
= 300 M
1
/
’ [ 0.5 1
plpy

Adsorption / desorption isotherm

2) Save a data analysis (numerical data)
N ical data dat vsi b 7 SEintes il pumerioi sl M - — o Sk
umerical data from a data analysis can be 8/ omimc o o
saved in a file. S oo Yo of messrement wom ‘
SAVPLESTDAT (e of measurement 24120:27 L
1. Display the numerical data you want to \”“ST\ 3 s soc)
COMMENT3 Sample weight : 0.2450
COMMENT4 i o i
save.
Version Verl.0
Sample weight 0.2450 [g]
[Reference] ‘—[] -
Display numerical data => Display the e L H
. . 2 4.0753 9.8659E-03 1.0013E-02 102.50 9.6254E-05 4.6628 Fi
numerical data in a graph, on page 35. = i
5 9:4137 1:913U ljglgﬂ IDZ:EI 1:8545E:DZ 33:455
2. Select the analysis window that is -
dlsplaylng the numencal data to save. 9 10.768 7.9758 8.0027 10253 7.77936-02 43.622
12 Z[I:S‘W 13:B1[I 13:857 102:4’3 : D.1374E 43i7§1 =
“ H ” “* ” a ‘I‘ =
3. Select “File (F)” and “Save” from the BEL

analysis program menu.

4. The “Save As” window shown on the right

will appear.

Hafiie Mame Date taken Tags Size Rating

Fa
[E| Documents This folder is empty.
B Deskiop

5. Specify a folder to save the file in and

Recent Places

enter a file name. 51

M Computer
Pictures 5
Music

Recently Changed

6. Click the [Save] button. The program will
Searches

save the numerical data form the currently Public

active data analysis window to a file. Folders ~ 6

File namg@ isutherh \ =
Save as type: | Al e \ -J
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asic Operation
7. The numerical data are stored in CSV format, so m

that they can be used with other programs. & ;‘;?" |caibr el W] Siwesten
43 Copy 5
. . . Paste F O - o A= 5 Merge & Center ~
The figure on the right is an example of a o S el A : >
Clipboard il 1l Fant 3 Alignment i)
numerical data file opened with Excel. | ad bl Je File Name
A | B & D E F G H 1

1 iFIIE Nam.alsAMPLBl.DAT

2 |Date of m 89/99/99
3 |Time of m 24:29:27
jCOMMEN'JRC-SID-S
|COMMEN’ Pretreatment at 1508C for 2h in vacuo.
;COMMEN'SampIE weight :0.2450 g {factor : 0.9634)
|COMMENT4
|Serial nunBEL36
Version Verl.0
;.'Sample w 0.245 [g]
'Standardy 31.25 [cmA3]
_Dead volu  33.138 [cm~3]
|Equilibriu 200 [SEC]
14 |Adsorptiv N2
15 |Apparatus 30 [C]
1 _Adsorptio 77 [K]
17 :Saturated 102.36 [kPa]
18 |Adsorptiv 0.162 [nm#2]
19 |File name of wall adsorption

gleig|gle|e <|aln s

o -

G

20 |Wall adsorption correction valuel

21 Wall adsorption correction value2

22 \Number o 39

23 Numbero 53

24

25|No pi/kPa pe/kPa pe2/kPa pO/kPa  p/p0 Va/cmA3(STP) gh-1
26 |ADS

27| 1 4.0753 9.87E-03 1.00E-02 102.5 9.63E-05 4.6628
28| 2 5.4276 3.59E-02 3.55E-02 102.53 3.50E-04 10.83
29 3 6.7628 0.1108 0.1111 102.59 1.08E-03 18.387
30| 4 8.0856 0.563 0.5646 102.56 5.49E-03 26.486
31 5 9.4137 1913 1919 102.61 1.86E-02 33.466
32| 6 9.4116 37117 3.724 102.59 3.62E-02 37.821
33 7 9.4184 5.3581 5.3755 102.52 5.23e-02 40.445
34| 8 9.4028 6.6197 6.6417 102.64 6.45E-02 42.091
35 9 10.768 7.9758 8.0027 102.53 7.78E-02 43.622
36| 10 10.774 8.9159 8.9453 102.43 8.70E-02 44.584
37 11 12.069 10.004 10.038 102.43 9.77e-02 45.597

38 | 12 20.64% 13.81  13.857 10243 01348 48791

€+ w| isother
Ready | Scroll Lock
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9-2. Printing a data analysis

1) Print a data analysis (graph)

A graph of a data analysis can be printed on paper.

. . {4 BELManEr'{Adsﬂml\on/demrptjfn \mtl:erm"SMiPLEgﬂ‘DAT[ - B
1. Select the analysis window [ ) Lot o) bl —
= pen » DS)
.. Close Adsorption / desorption isotherm (2) SAMPLEDS‘DAT(DES‘;
containing the graph you want to P e
. Report setting(R) 2 samPLE20.DAT(DES)
pn nt :::tput the Graph in a file
Quit(Q)
2. Select “File (F)” and “Print” from 6 2 *’?/
the BEL analysis program menu. E
; W ?F
300
0
0 0.5 1
p/pg
Dy e = Print (i |
3. The “Print settings” window shown on the sl
. . . . General |
right will appear. Specify a printer type
Select Printer
and print direction. Then click the [Print] T Add Printer
= Fax
button. The program will print the Mol LR Doctunent Mitter
= Send To OneNote 2007
specified graph.
Status Ready Frnttofie | Preferences
Location: P
Comment: (Fng Prter...|
Page Range
@A Number of copies: 1 4+
1] 512l] 33!
3 —p Print Cancel &
4. The data analysis (ﬁgure) are printed USing the format £6.0.0.0] Belsorp Adsorption/Dssorption Data Analysis Saftware - Ver 6.0.0.0 BEL Japan, Inc.
shown on the right.
|
j
H
?
£
PR o
’ [ 0.5 1
plp,
Adsorption / desorption isotherm
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Basic Operation

2) Print data analysis (numerical data)

Numerical data from a data analysis can be printed.

1.

Display the numerical data you want to print.

[Reference]

Display numerical data => Display the numerical data from a graph, on page 35.

2. Select the analysis window that is

5.

displaying the numerical data you

want to print.

Select “File (F)” and “Print” from the

BEL analysis program menu.

The “Print settings” window shown on the
right will appear. Specify a printer type and
print direction. Then click the [Pront] button.
The program will print the specified numerical
data.

Numerical data are printed using the format

shown on the right.

T BEMaster - 2 SBee — - (=l
File(F) | Window(W) Help(H)
< % Adsorption / desorption isotherrn SAMPLESLDAT (=i ugﬂ
5 Display numerical data =R (Eon x|
File Name SAMPLE31.DAT >
\ Date of measurement 89/99/99
p ime of measurement 24:29:27 =
iMMENTl JRC-S10-5
4 e retreatment at 150"
COMMENT3 Sample weight : 0.24
COMMENT4
q | serial number BEL3S
Version verl.0
0 asn a1 -
m i
No pifkPa pelkPa pe2kPa kP2 »17, V, /cmiETRg !~
4 3
DS, i
1 4.0752 9.8659E-03 1.00136-02 102.50 0.6254E-05 4.6628
2 5.4276 3.5904E-02 3.5450E-02 10253 3.5018E-04 10.830
3 67628 0.1108 01111 10259 1.08026-03 18387
4 8.0856 05630 05646 10256 5.48956.03 26.486
5 0.4137 o130 19190 10261 1.8645E-02 33466
3 9.4116 37117 37240 102.59 3.6179E-02 37.821
7 9.4184 5.3581 5.3755 102.52 5.2263E-02 40,445
8 9.4028 6.6197 6.6417 102.64 6.4494E-02 42.001
° 10768 7.9758 80027 10253 7.7793E.02 43622
1 10774 80150 80453 10243 8.7043E.02 44584
11 12 nA0 10 Ana 1n g 1n743 0 7RRAENT 4557 T
/= Print
General |
Select Printer
% Add Printer
=5 Fax
e Microsoft XPS Document Wiiter
%5 Send To OneNote 2007
Status: Ready Preferences
Location:
Comment: Find Printer ..
Page Rangs
@ Al s

52

Number of copies: 1 =i

4—

[5.0.0.1] Belsorp Adsorption/Desorption Data Analysls Software BEL Japan, Inc.
Adsorption / desorption isotherm am ‘
Filename SAMPLEI1.DAT
COMMENT1 JRC-SI0-5
COMMENT2 Pretreatment at 1508C for 20 in vacuo.
COMMENT3 Sample weight : 0.2450 g (factor : 0.9634)
COMMENT4
Date of measurement B9/99/9% Time of measurement 24:29:27
Adsorbate N2 Sample weight 0.2450 (@]
Adsorption lemperature T7.000(K] Adsorbate moleculer weight 28.010
Sample moleculer weight 0.0000 Sample surface area 0.0000 (m? g']
[Adsorption branch]3%Point
Mo i fkPa pe fkPa pe2 [kPa i fkPa IS V, fem?(sTP) gt
1 4.0753 9.8659¢-03 1.00136-02 102.50 9.6254E-05 4.6628
2 5.4276 3.5904€-02 3.5450€-02 102.53 3.5018E-04 10.830
3 6.7628 0.1108 01111 102.59 1.0802E-03 18.387
4 B.0856 0.5630 05646 102.56 5.4895E-03 26,486
8 9.4137 19130 19190 102.61 1.8645E-02 33.466
& 9.4116 37117 3.7240 102.59 3.6179E-02 37.821
7 94184 5.3581 53755 102.52 5.2263E-02 40.445
8 9.4028 6.6197 6.6417 102.64 6.4454E-02 42.091
9 10.768 7.9758 B.0027 10253 7.7793E-02 43.622
10 10.774 89159 B.8453 102.43 B.7043E-02 A4.584
1 12.069 10.004 10,038 10243 9.7666E-02 45.597
12 20.649 13.810 13.857 10243 0.1348 48.791
13 27.628 18.545 19.008 10241 0.1850 52.470




Basic Operation

9-3. Edit data

The data items that were set when taking measurements can be edited and saved (sample, adsorptive, and
measurement conditions).

1. Data editing is only possible when the “initial menu” window is displayed. If a data analysis window (graph or
numerical data) is open, you cannot edit the data. Close any open data analysis windows and try editing the

data again.

2. Select “Tool (T)” and “Edit data (E)” from the ' BELMaster 4 S8 as
analysis program initial menu. File(F} Setting(S) | ToollT) | Window(W) HelpfHd |

| Edit data(E) —F—— 2
| '

= = I
o~/ Edit data B N

Current Folder  C:\Users\user1\Desktop\USERT\demo data

3. The “Edit data” window shown on the right will

appear.

) ig; DVD RW Drive (D) | = |fFile Name /  COMMENT Adsor Tempe Date of m ~
Removable Disk (E:) il |

_‘i"_‘ Network AEROSILDA LOT 9703 H20 208 2001,/045%

Control Panel Aerosil200 st Aerosil 200 H20 208 2001 /0542

Recycle Bin e et
pootiiet 4 AMPLED! D [Activated carbon {Typical Typs 11 |12

4. Select the file you want to edit from the list of data

i |, BELSORP data SAMPLED2D TIO-5 (Typical Type Tlso N2 7 1989,/09,4C
. = USERL _[fsAMPLEDSD Develosil 100 (Typical Type M1 W2 77 1g89/07/ _
files. = demo data
& M NG 0 |

Selected File SAMPLE01.DAT

Header Record 1
COMMENT

5. The data items specified when measurements E;;;iUjfugmeasurament(wjmm‘dd) TR —
were taken will be displayed. Edit any item you Tove of measuremenc(hbimmss) oo 2 A%
05:35:24 Sample weight : 0.1059 g (factor : 0.8666)

want to change.

Header Record 2

Air thermostat
Sample weight [g] 0.1059 temperature [C] 30
. Lo . ) Adsomptive N2 ?fr;%r;’;:&a [kl &
6. If you want to overwrite the existing file, click the e . Somol drsty
. . Specific surfa [m2 g1} 1 Saturated 102.77688059210526
[SAVE] button. An overwrite message window e preseure (2]
[ Save as | [ save | [ eancer |

will appear. Select [Yes] and the program will — —

5 7 6

overwrite the items that you changed.

7. To save it as a different file, click the [SAVE] button.

Name Date taken Tags Size Rating
E Documents Mo items match your search.
8. The “Save As” window shown on the right will - EE““L 8
% RecentPlaces
appear. Specify a location to save the file in and ; ;'T“”fe’
enter a file name. B Muic
[# Recently Changed
B searches
Public
Folders
9. Click the [Save] button. The program will save e X
Save as fyp g (" DAT) -
the data using the file name you entered. S ikt e
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9-4. Help function |l

1) “How to use” this program

You can find instructions about various operation methods of the analysis program using the help function.

1. Select “Help (H)” and “How to use (U)” from the BEL analysis program menu.

! BELMaster

File(E)

Setting(5)

Tool(T)

Window(W)

2. The “BEL analysis software HELP” window appears.

other details of the analysis program.

2) “Version info.” of the analysis software

1. You can see the version information of the analysis program.

Help(H) |
How to use(U)

Version info{y)

Here you can find descriptions of the operations and

2. Select “Help (H)” and “Version info (V)" from the BEL analysis software menu.

3. The version information display screen shown on the

right will appear.

54
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Version 6.3.1.0
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Analysis of measured data

Chapter 10: Analysis of adsorption/desorption isotherms 56
Chapter 11: Adsorption / desorption isotherm 62
Chapter 12: PCT curve 64
Chapter 13: BET analysis 66
Chapter 14: Langmuir plot 74
Chapter 15: t plot 77
Chapter 16: o plot 82
Chapter 17: MP method analysis 87
Chapter 18: BJH plot 90
Chapter 19: CI plot 97
Chapter 20: DH plot 102
Chapter 21: INNES plot 107
Chapter 22: DA plot 112
Chapter 23: HK plot 115
Chapter 24: SF plot 119
Chapter 25: Isosteric heat of adsorption 123
Chapter 26: Difference of adsorption isotherm 127
Chapter 27: Metal dispersion analysis 129
Chapter 28: Molecular plobe method 132
Chapter 29: NLDFT/GCMC method 135
Chapter 30: How to use [Routine analysis] 146
Chapter 31: Output an analysis report 147
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Chapter 10: Analysis of adsorption/desorption
isotherms

The “BELSORP” series employs the volumetric theory to measure adsorption isotherms. It can produce reliable
precision measurement data by setting appropriate measurement conditions. The adsorption amount relative to the
pressure can be obtained as measured data. The relationship between them is referred to as an adsorption isotherm.
This chapter briefly sums up the features of the adsorption isotherm and its analysis. Chapter 11 and later describe
the operation methods while showing descriptions and sample examples for each analysis method.

C

10-1. Adsorption isotherm

In physical adsorption, adsorption isotherms can be classified as one of 6 types, as shown in the table below.
Table 1 shows the types and features, as well an adsorbent example.

I o

T |1 v
=
St
2
=
®
s
&0
.
=]
=
=3
o
g
<«

\% VI

Relative Pressure, P/P,

Figure 1: IUPAC classification of adsorption isotherms
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Table 1: Features of adsorption isotherms

Features
Type Interaction between sample surface ) Sample — Adsorptive example
Porosity
and adsorbate

| Relatively strong Micropores Activated carbon - Nitrogen

] Relatively strong Nonporous Oxide - Nitrogen

] Weak Nonporous Carbon — Water vapor

\Y Relatively strong Mesopore Silica — Nitrogen
Mesopore

\ Weak — F---- SO RERRA R
Micropore Activated carbon — Water vapor

Relatively strong
Vi Sample surface has an even Nonporous Graphite - Krypton
distribution of energy

Size of pores is classified as shown in table 2 below.

Table 2: IUPAC classification of pores

Pore diameter / nm

Micropore Upto2
Mesopore 2to 50
Macropore 50 or up

Adsorption isotherms are classified as shown in table 2 based on the strength of the interaction between the
sample surface and adsorptive, and the existence or absence of pores.  However, some actual samples do not fit
into adsorption isotherm types | to IV. These may be measured as mixed types of adsorption isotherms. For
example, nitrogen adsorption for a porous sample with large external surface area may generate a compound
isotherm resembling types | and I, or types | and IV. To analyze an adsorption isotherm, you have to assume certain
sample features, such as the pores from the shape of the isotherm. Then you can analyze them using an appropriate
analysis method.

«Reference»
e “Adsorption Surface Area and Porosity”, 2nd Ed., S. J. Gregg & K. S. W. Sing, Academic Press INC., London (1982).
e “Adsorption by Powders and Porous Solids”, F. Rouquerol, J Rouquerol & K. S. W. Sing, Academic Press INC., London
(1999).
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C

10-2. Analysis data obtained from a nitrogen adsorption isotherm |l

By measuring nitrogen adsorption isotherms, a type |, Il, or IV adsorption isotherm can

sample information concerning a specific surface area and porous structure will be obtained.

what analysis data can be obtained from a nitrogen adsorption isotherm.

Table 3: Analysis data obtained from a nitrogen adsorption isotherm

be measured mainly and
Table 3 briefly sums up

Type of i i :
adsorption Sample information Analysis method Major analyzed data Remark
isotherm
Total specific surface area BET plot asper[m?g] Needs careful
i evaluation of the
Total specific surface area tplot, o plot a;[m2g"] analysis results.
External specific surface 0
' tplot, asplot ax[m?g] :
area ' ' '
Micropore area t plot, as plot a-a; [m?2g"
Micropore volume t plot, as plot Vo [em3g™
Micropore width t plot 2t [nm]
Type | . e i ' . ' Pore shape: Slit
Micropore distribution curve . MP plot i Micropore range i )
; ; . Pore dia.: 0.7 to 1.0 nm
Micropore distribution peak ! MP plot | dp peak OF Ip peak [NM] |
Micropore volume DA plot V,[cm? g
Micropore distribution curve HK plot Micropore range Pore shape: Slit
' ' ' Pore dia.: 1.0 nm or
Micropore distribution peak HK plot dp peak OF I peak [NM] less
Micropore distribution curve SF plot Micropore range Pore shape: Cylinder
' ' '+ Pore dia.: 1.0 nm or
Micropore distribution peak i SF plot i dp peak OF I peak [NM] i less
Total specific surface area BET plot asper[m?g’]
Type ll X X i
Total specific surface area :  t plot, as plot a;[m2g
Total specific surface area i BET plot i asper[m?g’] i
Total specific surface area t plot, as plot a;[m2g"
o ! BJH plot, DH plot, ! !
Mesopore distribution curve ! Mesopore range !
| Cl plot | i
Type IV Mesopore distribution peak ' BJH plot, DH plot, 4 p poak OF I nm
P PeaK &l DlotINNES plot | ek OF fopeaclnml
' BJH plot, DH plot, : ;
Mesopore volume | | V,[cm3 g’ |
P ! Cl plot,INNES plot plem® g7l :
Mesopore area | BJH plot, DH plot, | a,[m?g
P ! Cl plot,INNES plot bIMm™9 i
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Table 4 sums up symbols used in section 11 or later.

Table 4: Using symbols in the BELMaster manual

)

Analysis of adsorption/desorption isotherms

Method Symbol Unit Mean
Relative pressure
p/Po - (po is saturation pressure of the adsorptive at measurement
temperature. )
p kPa, Torr Absolute pressure
RH % Relative humidity
v, om¥(STP) g Specific amount adsorbed expressed in the gas volume at the
Adsorption / desorption standard state (STP: T=273.15 K, 101.3 kPa) on 1 g of adsorbent
isotherm my mg g’ Specific mass adsorbed on 1 g of adsorbent
Numbers of molecules adsorbed on a unit surface area of
r molec nm2
adsorbent
Na mol mol”' Amount adsorbed on 1 mol of adsorbent expressed in mol
n, mol g Amount adsorbed on 1 g of adsorbent expressed in mol
wit % Amount adsorbed on 1 g of adsorbed expressed in percentage
_ A value obtained by dividing an adsorption amount at arbitrary
o equilibrium pressure by adsorption amount Va (p/po = 0.4).
- Amount (mol) of hydrogen occluded by 1 mol of sample (metal).
wit % Amount (%) of hydrogen occluded by 1 g of sample (metal).
PCT curve Specific amount adsorbed expressed in the gas volume at the
Va cm¥(STP) g’ standard state (STP: T=273.15 K, 101.3 kPa) on 1 g of sample
(metal).
p kPa, MPa, bar | Absolute pressure
Relative pressure
P/Po - (po is saturation pressure of the adsorptive at measurement
temperature. )
Vi cm*STP) g’ | Monolayer volume
aspeT m? g BET specific surface area
C - Energy constant (the first layer)
. o nm? Cross section area of an adsorptive area
BET analysis - -
My — Molecular weight of adosorptive
L — Avogadro number
Pa gcm?® Dencity of adosorptive
Ds gcm?® Dencity of sample
v, cm® g Total pore volume
dp nm Mean pore diameter
/ nm Mean particle size
P kPa, Torr Absolute pressure
Vi cm*STP) g’ | Monolayer volume
Langmuir plot 8slang m? g Langmuir specific surface area
B - Ratio of rate constant (adsorption / desorption)
o nm? Cross section area of an adsorptive area
t nm Thickness of adsorption layer
a m? g’ Total specific surface area
ay m? g’ External surface area
%2 cm® g Pore volume
T plot
Vs cm® g Pore volume
2t nm Pore diameter
v, om(STP) g Specific amount adsorbed expressed in the gas volume at the

standard state (STP: T=273.15 K, 101.3 kPa) on 1 g of sample
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Method Symbol Unit Mean
as - Normalized adsorption n/ n o4
v, m¥(STP) g Specific amount adsorbed expressed in the gas volume at the
standard state (STP: T=273.15 K, 101.3 kPa) on 1 g of sample
as plot A; m2 g’ Total specific surface area
A; m? g External surface area
%2 cm® g Pore volume
Vs cm® g Pore volume
I nm Micropore radius
db nm Micropore diameter
dv,/dr, cm®*g'nm’ Area distribution
dV,/ dlogr, — Volume distrribution
dV,/dd, cm®*g'nm’ Area distribution
MP plot dV,/ dlogd, - Volume distribution
2V, cm® g Integral curve
ay m? g Total specific surface area
a, m? g External surface area
%2 cm® g Pore volume
Vs cm® g Pore volume
I nm Micropore radius (cylindrical shape)
db nm Micropore diameter (cylindrical shape)
dv,/dr, cm®*g'nm”’ Area distribution
dV,/ dlogr, — Volume distribution
BJH / Cl / DH plot dV,/dd, cm®*g'nm”’ Area distribution
dV,/ dlogd, — Volume distribution
2V, cm® g Integral curve
Ap m? g Pore specific surface area
Vo cm® g Pore Volume
dy nm Slit pore radius (slit shape)
dVp / ddx cm®*g'nm’ Area distribution
dVp / dlogdx - Volume distribution
INNES plot
XV, cm® g Integral curve
a, m? g’ The pore specific surface area
V, cm® g Pore volume
V, cm® g Pore Volume
DA plot - -
Eo kJ mol’! Adsorption potential energy
w nm Slit pore radius (slit shape)
dv,/dw cm®*g'nm’ Area distribution
dV,/ dlogW - Volume distribution
2V, cm® g Integral curve
da nm Adsorptive molecular diameter
ds nm Adsorbent atom diameter
HK plot . .
N, m Number of adsorptive molecules adsorbed per unit surface area
Ns m Number of adsorbent atoms per unit surface area
X cm?® Magnetic susceptibility of the adsorptive molecular
X cm?® Magnetic susceptibility of the adsorbent atom
Aa cm?® Polarizability of the adsorptive molecular
s cm?® Polarizability of the adsorbent atom
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Method Symbol Unit Mean
I nm Micropore radius (cylindrical shape)
dp nm Micropore diameter (cylindrical shape)
dV,/dr, cm® g'nm! Area distribution
dV,/ dlogr, — Volume distribution
dV,/dd, cm® g'nm! Area distribution
dV,/ dlogd, — Volume distribution
XV, cm® g’ Integral curve
da nm Adsorptive molecular diameter
SFplot
ds nm Adsorbent atom diameter
N, m Number of adsorptive molecules adsorbed per unit surface area
Ns m Number of adsorbent atoms per unit surface area
Xa cm?® Magnetic susceptibility of the adsorptive molecular
Xs cm?® Magnetic susceptibility of the adsorbent atom
Qa cm® Polarizability of the adsorptive molecular
as cm® Polarizability of the adsorbent atom
. Qst kJ mol”! Isosteric heat of adsorption
Isosteric heat of — -
) Specific amount adsorbed expressed in the gas volume at the
adsorption V. cm*(STP)g”"
standard state (STP: T=273.15 K, 101.3 kPa) on 1 g of adsorbent.
P kPa, Torr Absolute pressure
Specific amount adsorbed expressed in the gas volume at the
V. em¥(STP)g" | P P 9
standard state (STP: T=273.15 K, 101.3 kPa) on 1 g of adsorbent.
N mol Number of molesof the gas that adsorbed on supported metal
J g catalyst1g
N, mol g Number of metal atoms on the metal catalyst 1 g
. . . Nr mol g Number of moles of metal atom per catalyst 1 g
Metal dispersion ration -
. C % Metal loading
analysis .
Kot — Stoichiometry factor
Dm % Metal dispersion ratio
) ] Cross section area that a supported metal atom occupies
am nm< atm” .
(supported metal cross section area)
as (sample) m? g Supported metal surface area per supported metal 1 g
as (Metal) m? g Supported metal surface area per supported metal 1 g
Im nm Metal particle size
I nm Micropore radius
dp nm Micropore diameter
Vp cm® g’ Pore volume
Wo cm® g’ Pore volume
Molecular probe method D o Minor axis length of smallest projection cross section area
S (adsorptive)
D o Major axis length of smallest projection cross section area
- (adsorptive)
dm nm Adsorptive molecular
db nm Pore diameter (cylindrical shape)
w nm Pore width (slit shape)
ds nm Adsorbent atom diameter
Vp cm® g’ Pore volume
dVp cm® g’ Change of Pore volume
3V, cm® g’ Integral curve
NLDFT/GCMC .
dV,/dr, cm® g’'nm! Area distribution
dV,/ dlogr, — Volume distribution
dV,/dd, cm® g'nm! Area distribution
dV,/ dlogd, — Volume distribution
dSp m? g Change of Pore surface area
3Sp m? g Integral curve of surface area
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Chapter 11: Adsorption / desorption isotherm

11-1. Description |l

The adsorption / desorption isotherm shows the relationship between the amount of adsorbed/desorbed

gas (y-axis) and the pressure of adsorptive (x-axis) at the constant temperature. In our software, user can

select the desired x-axis unit among four. In measurement data, p(i), the pressure of ith measurement point is

expressed in kPa. X-coordinate value can be calculated as follows.

In case “p/po” is selected:

x(@) = p(@)/ py()

(Where po(i) / kPa is saturation pressure of the adsorptive at measurement temperature. )

In case “p / kPa” is selected:

x(i) = p(i)

In case “p / Torr"!” is selected:

x(i) = p(i)/101.325x 760

In case “RH / %” is selected:

x(i)= p(i)/ py(i)x100

And also user can select the desired y-axis units among five listed below.

In case “V./cm*(STP) ¢! *»” is selected:

(@) =v(i)
In case “m./mg g'' "> is selected:
y(i) = v(i)/ 22414x M, (Where M, is moleculer weight of adsorptive.)

In case “I/ molec nm™? ™ is selected:

y(i) =v(i)/22414x 6.022x 107 /a, x107"® (Where as/m? g'! is the specific surface area of adsorbent.)

In case “n./mol mol!' »” is selected:

y(@) =v(i)/ 22414 x M | (Where M; is moleculer weight of sample.)

In case n./mol g’! *¢ is selected:

y(i) =v(i)/ 22414
In case wt/ % " is selected:

y(@) =v(i)/22414x M , x100

In case as *8 is selected:

(i) = v(i)/(v(p/po = 0_4)) (Where v (p/po=0.4) is the adosorption volume of the p/po=0.4.)

*1:

*2:

*3:
*4:
*5:
*6:
*7:
*8:

Though “Torr” is not included in ISO system of units, it is commonly used even today. Users can
choose it in our software. Pay attention when you use “Torr” in official documents.

“Va/ ml(STP) g’ is the specific amount adsorbed expressed in the gas volume at the standard
state(STP : T=273.15 K and P=101.3 kPa).

“ma/mg g is the specific mass adsorbed.

“I'/ molec nm” is the number of molecules adsorbed on a unit surface area of adsorbent.

“na / mol mol-" is the amount adsorbed on 1mol of adsorbent expressed in mol.

“na/mol g’ is the specific amount adsorbed expressed in mol.

“wt/%” is percentage of weight of adsorption per gram of sample.
A value obtained by dividing an adsorption amount at arbitrary equilibrium pressure by adsorption
amount Va (p/po = 0.4)
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11-2. Operation

1. On the BEL analysis software menu, select “adsorption/desorption isotherm”.

The program will display the

following adsorption/desorption isotherm. For details about how to read the data, see “Chapter 6: Reading

analysis data”, on page 30.

2. “ADS” next to a data name means that it is data
from an adsorption process and “DES” next to a

data name means that it is desorption data.

BELMaster - [Adsorption / deso therm SAMPLE3LDAT]

Window(W)  Hebp(H)

SAMPEERLBAT: Adsorption / desorption isotherm .

2
S
S

¥, fem*(STP) &'

i
|
»’ﬁ/f

pip

3. Select “Analysis parameters” on the “Settings” menu and the “Analysis parameters” window shown below will

appear. Change the settings as needed.

When “ma/mg g is selected as
the Y axis unit in “Y axis display
settings”, this value must be
entered.

—

When “na/mol mol"” is selected
as the Y axis unit in “Y axis
display settings”, this value must
be entered.

Adsorbent moleculer
.oooo

./ Analysis parameters [SAMPLE3L.DAT] B
Analysis Initial Value
[T] Interpolate curve
Data setting
k MEAS.
Adsorptive N2 TEMP. [K] 77
Molecular weight Cross sectional area [nm 2]
28.010 0.1620

When “/Tmolec mn?” is selected as
the Y axis unit in “Y axis display
settings”, this value must be entered.

Spedific surface m? gl
area

0.0000

|. Write in file

f

Set as the default value |

[ ok || cancer |
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Chapter 12: PCT curve

12-1. Description |l

)

aAINg 19d

C

PCT curve (Pressure-Composition-Isotherm) is a graph that shows relationship between the amount of
hydrogen occluded by hydrogen occlusion alloy at a constant temperature (x-coordinate) and the hydrogen

pressure (y-coordinate). When the amount of hydrogen occluded at the i-th point in measurement data is

indicated as “v(i) cm® (STP) g'”, the x-coordinate (x (i)) can be obtained with the equation below.

When “H/M™ is selected:
x(Q)=2xv(@i)xM, ., /22414 (Mmetai: Molecular weight of metal)

When “wt%"2 is selected:
x(i) =v(i)/22414x M  x100 (Where M, is moleculer weight of adsorptive.)

When “cm? (STP) g'""% is selected:
x(i) = v(i)
When pressure at the i-th point in measurement data is indicated as “P(i) kPa”, y coordinate (y (i)) can be
obtained with the equation below.
When “p / kPa” is selected:
y(i) = p(i)
When “MPa / kPa” is selected:
y(@) = p(i)/1000
When “p / bar” is selected:

y(i) = p(i)/100

*1: Amount (mol) of hydrogen occluded by 1 mol of sample (metal).

*2: Amount (%) of hydrogen occluded by 1 g of sample (metal).
*3: Volume of gas at 0 °C and 101.325 kPa, converted from amount of adsorption by 1 g of sample (metal).
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Analysis of measured data

12-2. Operaion I

1. i you select “PCT curve” from the menu of the analysis software, a PCT curve is displayed as shown

below. For the data loading procedure, refer to page 30.

i~/ BELMaster - [PCT curve LaiS-H2-313K.DAT] (= o |
¥ Fie(p) Analss(A) Setting(S) Window(W) Help(H) ER
= Adsorption / desorption st
(<] LaNi5-H2-313K.DAT(ADS’
LaNi5-H2-313K.DAT PCT curve 0% LaNis-H2-313K DAT/DES))
LaNi5-H2-313K.DAT 15
10
=
= »
2 3
B

2. if you select “Analysis setting” from the “Setting” menu, the “Analysis parameters” window appears as

shown below.

Change the parameter settings as required.

E=E )

-/ Analysis parameters [SAMPLESS.DAT]

Analysis Initial Value
[] Interpolate curve

This parameter is required when @

“‘Wt%” is selected for the unit of
the X axis in “X-axis display
settings”.

Data setting
MEAS.

Adsorptive H2 TEMP. [K] 313.2

olecular weight Cross sectional area [nm 2]
2.00000 0.0000

This parameter is required when
“H/M” is selected for the unit of
the X axis in “X-axis display
settings”.

[Add to adsorptive list ]

Adsorbent moleculer ~ Spedific surface [p2 1)
i area

0.0000

Write in file

OK
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Analysis of measured data

Chapter 13: BET analysis

13-1. Description |l

13-1-1. BET Theory
In 1938, Brunauer, Emmett and Teller reported the multilayer adsorption theory (BET theory). They
extended the Langmuir’s monolayer theory to multilayer adsorption. The derived equation is named the
BET equation after the first letter of each of their names. The BET equation has been utilized in determining

the monolayer volume of adsorbed gas, from which we can calculate the surface area of adsorbent.
The BET equation was derived on the following hypotheses:
1) Surface is energetically homogeneous; i.e., all adsorption sites on bare solid surface have the same
adsorption energy(E:).
2) There is no lateral interaction between adsorbed molecules.
3) The adsorption energies in the second and all higher layers (£, E3...) are equal to condensation energy

of adsorptive (E.) ; i.e., E2=E3=......=E~EL.
The BET adsorption model is shown below, where No,N1,N2,Ns......Ni,...... represent the adsorption sites
that are covered by 0, 1, 2, 3, ..., i... layers of adsorbed molecules. At adsorption equilibrium,

No,N1,N2,Ns......Ni,..... must remain constant.

First, we consider the case of i=0. Ny decreases when adsorption occurs on the bare surface and the
adsorption rate is proportional to No. Mo increases when desorption occurs from the first layer and the
desorption rate is proportional to Ni. Because No=constant at adsorption equilibrium, the adsorption rate is

equal to the desorption rate; therefore, Equation (13.1) is obtained.
N, =b N -—L (13.1)
a,pN, = exp :
e o RT

Next, we consider the case of i=1, where the four processes are included; namely, (a) the adsorption of
gas molecules to the bare solid surface, (b) the desorption of adsorbed molecules from the second adsorbed
layer, (c) the adsorption of gas molecules to the first adsorbed layer, and (d) the desorption of adsorbed
molecules from the first adsorbed layer. At adsorption equilibrium, the rate of formation of the first adsobed
layer, which is the rate of (a) and (b), is equal to the rate of disappearance of the first adsorbed layer, which is

the rate of (c) and (d). Therefore, the following equation is obtained:

a,pN,+b,N, exp(%];z) =a,pN, +bN, (%) (13.2)
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Equation (13.3) is obtained by substituting equation (13.1) into equation (13.2),

Ez
a,pN, =b,N, exp(—ﬁ (13.3)
Extending the same argument to the ith layer (N;= constant), equation (13.4) can be derived.
E.
a,pN._, =b,N, GXP(— _RZTJ (13.4)
Equation (13.4) is tranformed into equation (13.5).
a, E.
N, =—pN,_ exp ——= (13.5)
b, RT
Equation (13.6) may be obtained if the adsorption behavior of gas is same for higher than the second layer,
b, b b,
a, 4, a;

From both of equation (13.6) and hypothesis 3), Equation (13.5) can be transformed into equation (13.7) and
equation (13.8) when 7 > 2 :

E
N, =LN,_ exp| oL (13.7)
g RT
7\
Here, we define x as follows: 7 )
E
x=£eXp —L (13.8)
g RT
©
By inserting equations (12.8) into Equation (13.7), equation (13.9) is obtained: 'i
N, =xN,_,(i=2) (13.9) ©
©
The next step is to obtain the relationship between N: and No. From equation (13.9), N: can be expressed E
by N1 and x as follows: @
N, =xN,_, =x(xN,_,)=x"(XN,_j) =+ =x"'N, (13.10)
Equation (12.1) is transformed as follows:
N/
a E,
N, =—pN,exp| — (13.11)
b, RT
Then, equation (13.11) is inserted into Equation (13.10):
| a E x' E
N, =x""| =L |pN,exp| —L |=| — |pN, exp| —= (13.12)
b, RT) | x RT
In order to introduce E. into equation (13.12), equation (13.8) is used:
a E _E i i
N, =—-Lgexp| ——=% |x'N, =cx'N, (13.13)
b, RT
where
a E-E E-E,
c=—gexp ———= |rexp| ——= (13.14)
b, RT RT

[Note: Equation (13.14) shows that c-constant is always positive.]
The total number of adsorption sites on the solid surface is expressed as N;, and the total number of

adsorbed molecules is given as Ng; thus, the following equations can be derived:

N,=>" N =N,+Y N, (13.15)
N, =) iN =" iN, (13.16)
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The next step is to change Ny and N, into Vi, and V., the gas volume at the monolayer coverage and the total
gas volume adsorbed at the standard state (T=273.15 K and P=101.3 kPa), respectively.

N, _V,
= (13.17)
NY Vm
Inserting Equations (13.15) and (13.16) into equation (13.17), we equation (13.18) can be obtained.
V Oi iN;
£ = —z’—l (13.18)

V. N,+ N,
By using equation (13.13), equation (13.18) can be transformed into Equation (13.19):

Yo _ CN‘)zfﬂixl (13.19)
V. N,+ cNoz;xi

Equations (13.20) and (13.21) can be derived when x<1.

? =X (13.20)
X = .
=t l1-x
© . ; d ~~ d( x X

Dot =x—>" x'=x— = - (13.21)
= dx ="~ dx\1-x) (1-x)

If equations (13.20) and (13.21) are inserted into equation (13.19), equation (13.22) is obtained:
V cx

a
— = (13.22)
V. (1—x)(1—x+cx)
where ¢ and v, are constant. Now, consider the physical meaning of x. The experimental fact shows that
in the adsorption isotherm, the adsorbed amount, v, becomes infinite at saturation pressure; namely, v = at
p =po. On the other hand, in equation (13.22), v becomes infinite when x is equal to 1. Accordingly, it is
concluded that x =1at p = po. Inserting these conditions into Equation (13.8), Equation (13.23) is derived:
E
1= &exp e (13.23)
g RT

From equation (13.8) and equation (13.23), the physical meaning of x becomes evident; x is the relative

pressure of adsorptive.

x= va (13.24)
Po
If we rewrite equation (13.22) using the relative pressure, equation (13.25) is obtained:
V ¢
Va = P (13.25)

oo 2]

Equation (13.25) is called the BET equation, or the BET adsorption isotherm. The curves in the above
figure show the BET adsorption isotherm at the different ¢ constant. When c is large (i.e., large adsorption
heat), the isotherm is of Type Il, whereas when ¢ is small (i.e., small adsorption heat), the adsorption isotherm

is of Type lII.

When c is large and p«po, Equation (13.25) is changed into equation (13.26), which is equivalent to the

Langmuir equation.
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VA m

=00

C=100

Cc=10 Cc=1

)2

K¢{19J
Voo \Po)_ (13.26)

l+c(pJ
Dy

In order to examine the reliability of the BET equation using the experimental data, equation (13.25) is put
into the following form:
p_ 1 el [ﬁj (13.27)
Wpo=p) vie Vel pg
It is evident from Equation (13.27) that a plot of (p/Vu(po— p)) against (p/po), which is called the BET plot,
should give a straight line, and that the intercept(i) and the slope(s) of the BET plot give (1 /Vic) and (c- 1)/Vne,
respectively. The two constants (V» and ¢) of the BET equation can be calculated using Equations (13.28)
and (13.29):

y :L' (13.28)
S+1
S
c==+1 (13.29)

1

In many adsorbents, the BET plot gives the good linear line in relative pressure range 0.05~0.35, but it
deviates from the linear line in low or high pressure range. Usually, 7, and ¢ are evaluated from the BET plots
in the pressure range of (p/po) = 0.05 to 0.35, but the starting point and the ending point of the BET plot should
be carefully selected according to the character of adsorbent. For example, in the case of graphitized
carbon black (Vulcan 3-G (2700)), the BET plots in the range of 0.040 to 0.145 is recommended in evaluating
vm. In our software, the starting point and the ending point of the BET plot are arbitrarily selected according
to the character of adsorbent. V7, can be used in calculation of the specific surface area of adsorbent (as) as

described below.

Here, some comments are given in the BET equation with three parameters. As mentioned above, the
BET plot deviates from the linear line below (p/po) = 0.05 and above (p/po) = 0.35. Brunauer et al. proposed
the three parameter equation (Equation (13.30) ) in order to cover the wide range of the adsorption isotherm,
where #n is the number of layer. It is possible to cover the wide range of the adsorption isotherm by selecting
an appropriate numerical value of n, but the three parameter equation is not frequently used because of

complexity.
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_ Voex (1=(n+Dx" +nx""

= — (13.30)
1-x)\ 1+(c—Dx—cx

Equation (13.30) is reduced to Lamgmuir equation (Equation (13.26)) when n = 1.

[Note] There is a criticism that it is inappropriate to apply the BET theory to Type | isotherm. In this case,
the maximum value of relative pressure p/po (referred to as BET range limit) is defined as the BET plot end
point when relative pressure p/po is plotted on the X axis and Va (po-p) is plotted on the Y axis so that C is not
a negative value. To determine the starting point, use caution about the following three points: [1] Constant
C is not a negative value. [2] Excellent linearity, and [3] Selection of linear range at low relative pressure.

This method is prescribed in ISO9277 appendix. Regardless of the analysis method being used, it must be
understood that the target is a gas adsorption surface area, which is different from geometrical surface area.

When C>>1, the BET plot intercept is 1/VmC, which is so small that it can be regarded as zero. Thus, the
equation (13.27) is expressed as follows:
L= ﬂ L (13.31)
Vap, ) VauCp,
The following equation is derived by simplifying the equation (28):
Vm=Va(1-p£0) (13.32)

Monomolecular adsorption Vm can be obtained by measuring an adsorption amount Va at arbitrary
equilibrium pressure p. Thus, Vm can be determined based on measurement of one point at arbitrary
equilibrium pressure p (generally, in a relative pressure range of 0.2 to 0.3). (BET1 plot method)

With this analysis software, prepare BET-plot first, and then select one point (end point). By plotting a line
between two points (origin (0) and the selected point), the software calculates inclination s of the line, and
determines an amount of monomolecular adsorption Vm, and calculates a surface area from the amount of
monomolecular adsorption.

It is possible to calculate the total pore volume and mean pore diameter in the analysis, “BET plot”.

To caluculatte the total pore volume, first the amount adsorbed at the relative pressure which can be set in
“Analysis parameter” settings is calculated by linear interpolation. Then interporated value, V,[cm® g'] is
converted to the volume liquid state as Equation (13.33). (In case that the relative pressure of last adsorption
point is smaller than the set value, the total pore volume is to calculate from amount adsorbed of last
adsorption point. )

Vp=V/22414><Mg/pa (13.33)
where M, is molecular weight and p. is density of adsorptive. Mean pore diameter can be obtained as

follows by using 7, and as,ser, the BET specific surface area.

4xV
= 2 x10° (13.34)

P
g BET

Mean particle size is calculated as follows.

I:Lxlo3 (13.35)

Ps X Ag per

where ps is density of adsorbent.

«Reference»
* “Adsorption of Gases in Multimolecular Layers”, Stephen Brunauer, P. H. Emmett and Edward Teller, J. Amer. Chem.

Soc., 60, 309(1938).
. 1S09277
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13-1-2. Determination of surface area from monolayer volume

Specific surface area of adsorbent (as) can be calculated by equation (13.36).
a, =L><L><0' (13.36)
22414
where V., is monolayer volume, L the Avogadro constant, and ¢ the cross-sectional area of an adsorbate
molecule. ¢ is defined as the average area that one adsorbed molecule occupies on the solid surface, and it
is calculated under the assumption that adsorbed molecules make the closest packing on solid surface. ltis
obvious from the model shown below that ¢ corresponds to the hexagonal area, which is evaluated from the

molecular weight of adsorbate M and the liquid density of adsorbate p.

(13.37)

In case of the nitrogen adsorption at liquid nitrogen temperature, o(N2) = 0.162 nm? (M = 28.0, p= 0.808 g
cm?) can be calculated from equation (13.35). The cross-sectional area of a nitrogen molecule, which is
calculated by a simple model, was checked by the independent methods such as the absolute method of
Harkins and Jura. o(N2) = 0.162 nm?is internationally accepted for determination of surface area of many
adsorbents. However, it should be mentioned that, when the adsorbed nitrogen molecules have the specific

orientation on the unique solid surface, the different value of 6(N2) must be used.

In cases of the Kr or Ar adsorption at liquid nitrogen temperature, ¢(Kr, 77 K) = 0.202 nm? or o(Ar, 77 K) =
0.138 nm? are estimated from equation (13.35), using the super-cooled liquid density of Kr or Ar.

The cross-sectional areas of various molecules such as alcohols and hydrocarbons are calculated based on
o(N2) = 0.162 nm? [ref. A. L. McClellan, and H. F. Harnsberger, J. Colloid Interface Sci., 23, 577(1967).].

13-1-3. Thermodynamics of gas adsorption

It is well-known that the gas adsorption process is essentially exothermic. The thermodynamic relation of
the gas adsorption is given by equation (13.36).
AGad = AHad - TASad (13.38)
where AGus, AHua, ASqa are the Gibbs free energy change of adsorption, the enthalpy change of adsorption,
and the entropy change of adsorption, respectively. AG.. becomes negative, because the gas adsorption
proceeds spontaneously. Furthermore, AS.. becomes negative, because the molecules moving at random
in gas phase are fixed on the solid surface by adsorption. Accordingly, it is concluded from equation (13.36)

that AH.s must be negative; namely, the gas adsorption is essentially exothermic.
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Operaion

On the “Analysis” menu, select “BET plot”. The
following BET-plot will be displayed on the
screen.  The program will execute a BET plot

from adsorption data of an isotherm.

The program automatically draws an straight line.
As a default, two points are selected that are
nearest to the pressure range specified on the

“Analysis parameters”.

BELMaster - (BET-Plot SAMPLE33.DAT]

| —— —

=l B s

P Fle(F) Analyss(d) Setting(s) Window(W) Help(H) =

Adsorption / desorpt|

©8 SAMPLEI3.DAT(ADS)
SAMPLES3.AT 0® SAMPLEI3DAT(ADS)

BET-Plot

5
SAMPLES3.DAT 0.045

IR

Starting point 5 End point |14
Slope 6.1916E-02
Intercept 30512604
Correlation coefficient 0.9997

P 1Vo(po-p)

v, [em3(sTP) 031 16072

3 ger[m2 g1 6.9951E+01

< 203.93

Total pore volume[cm? g*1]  0.9470
(p1py=0.990)

Mean pore diameter [nm] 54.150

0.015

o

0 0.050.10.150.20.250.30.350.40.450.5

0

P/p

\ 5

Select the starting and end points in order to produce a good straight line within a relative pressure range of

0.05 to 0.30.

The figure on the right is a BET plot of nitrogen adsorption measurements on silica with micropores.

The

monomolecular adsorption volume (V./cm? g') and C value can be obtained from the slope of the approximate

curve and intercept. In addition, the correlation

coefficient of this approximate curve is shown.

You can obtain a specific surface area (asszr/m? g')
from the monolayer volume (V./cm?® g) for the
adsorption of nitrogen, argon, and krypton. In
nitrogen adsorption when Cis 100 to 200, itis
believed that a reliable specific surface area can be

obtained. The specific surface area obtained from

the BET plot of micropore silica is 70.0 m? g! and this

> BELMaster - [BET-Plot SAMPLE0.DAT]

i

5 Fle(f) Analss(d) Settg(S) Window(W) Heb(t)

g

o
x

5 Adsorption / desorption isotf
SAMPLE20.DAT
‘method

BET-Plot ©© SAMPLE20.DAT(ADS)

SAMPLE20.DAT 3.0E-03

2.0E-03

Endpoint 19
3.93456-03
6608105
0.9968

P1V(po-p)
~

1.0E-03

25851

112516403

Total pore volume[cm 3 7] 0.6361
(p1py=0.9%0)

Mean pore dameter [nm]  2.2615

0.0E+00
0

value matches well the value of 70.1 obtained from a

t-plot (page 77).

BET-plot of active carbon (p/po=0.05-0.3)

The figure on the right is a BET plot for activated
carbon.

Regarding nitrogen adsorption on a sample with
micropores, C is a negative value (indicated in red) in
a relative pressure range of 0.05 to 0.03, which
cannot provide a BET-plot with excellent linearity.

In this case, an accurate specific surface area cannot
be determined. However, if Type | (1SO9277) is
BET specific

selected in [Analysis parameters],

> BELMaster - [BET-plot SAMPLE20.DAT]
ttng(s)  Widow(Ww) _Help(t)

i

B

o
x

©© SAMPLE20.DAT(ADS)

BET-Plot (Type 1)

3.0E-03

‘method
‘SAMPLE20.DAT

2.0E-03

Endpoint 15
31751803
95002607
0.9997

P IV pop)

1.0E-03 ¥

BET range lmit

(p/p0=8.2461E-02)
Va(P -P)Max value

# ¥, [m3(sTP) 1)

15 point number

324576404

31486

137048403

3431

Total pore volumelem 911 0.6361
(p1py=09%0)

/b, Mean pore dameter [nm] 18568

0.0E+00.

01 02 03 04 05

surface area can be obtained. The specific surface

area obtained from the BET-plot of this activated
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carbon is 1370 m? g™

The specific surface area obtained from t-plot is 1519 m? g (p. 80).

Since the amount of adsorption on a micropore surface is larger than that on non-porous surface, the specific

surface area obtained from t-plot is considered to be larger than the actual area. Therefore, the specific

surface area of this activated carbon is estimated at 1400 to 1500. As described above, it is difficult to

determine the specific surface area of micropores exactly. However, we can obtain a proper value by using

both methods of BET-plot and t-plot.

7. Select “Analysis parameters” from the “Settings” menu.

below will appear.

Select whether or not to
calculate the mean pore
diameter and mean particle

[ size.

You must enter a value
here when you want to
calculate the mean particle
size. Even when you click
on the mean particle size,
the program cannot
calculate the mean particle
size unless a sample
density is entered.

’/

l/

Specify default linear
range. If you don't click
on “Use pressure range

Change the settings as needed.

The “Analysis parameters” window shown

5% Analysis parameters [090930-1-052.... | = | &

Analysis Initial Value

[] Interpolate curve Pressure Unit

@ kPa
Torr

[V] Calculate mean pore dismeter. pelatve pressure for

T : re volume calculation
|V Calculate mean particle size, i

0.9%0

2

Datz setting

Enter a relative pressure to
calculate the total pore volume.
If the relative pressure at the
adsorption end point is lower
than the relative pressure
entered here, the program will
calculate the total pore volume
from the adsorption volume at
the adsorption end point.
Setting range: 0.001 to 0.999

Adsorptive N2 MEAE:

TEMP.[K] 7
Densty 2_ [g cm3]

0.808

Molecular weight
28.013

Cross sectional area [nm 2]
0.1620

Sample

density
0.000

2_[gem3
20 ! | Write in file

/ () Use pressure range setting.

6,100 - |@S6g

) Single Point Method
Relative pressure 03
@ Type I({ISO 9277}

You must enter this value when
you want to calculate the total
pore volume and mean pore
diameter. Even if you don’t
click on “Calculate mean pore
diameter”, the program will not
calculate the total pore volume
and mean pore diameter unless
an adsorbent density is entered.

setting”, the analysis start
point and end point will be

/Setasthe default value ‘ |

ok || cance |

the default linear range.

Select this item to execute the
1-point analysis method. Enter
relative pressure used for 1-point
analysis method.

)

BET analyaia

Select this item for Type |
adsorption isotherm (for a
sample with micropores).
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Chapter 14: Langmuir plot

14-1. Description |l

In 1918, Langmuir proposed the monolayer adsorption theory. He derived the equation for the
adsorption isotherm on the following assumption.

Adsorption sites on adsorbent surface have the same adsorption energy.
One adsorption site is occupied by one adsorbed molecule.
There is no lateral interaction between adsorbed molecules.

> bh =

Adsorption is complete when mono-molecular layer (monolayer) is formed.

NAZ

N=N,*tN,

N, '

The Langmuir equation is derived according to the monolayer adsorption model given below. In the
model, the whole adsorption sites, the occupied adsorption sites, and the unoccupied adsorption sites on the

adsorbent surface are shown as Ns, N4, and (Ns[| Na), respectively. The surface coverage ¢ for the occupied
adsorption sites is defined as follows:

9=%i (14.1)
N
The adsorption rate, v. is proportional to p (pressure of adsorptive) and 111 8 (bare surface);
v, =k,p(1-0) (14.2)
On the other hand, the desorption rate, v. is proportional to & (occupied surface);
v, =k,0 (14.3)

ks and kq in Equations (14.2) and (14.3) are the proportional constants. Under the adsorption equilibrium,
the adsorption rate is equal to that of desorption;

k,p1-0)=k,0 (14.4)
Equation (14.4) is changed into equation (14.5),
Bp
- (14.5)
1+ Bp

Where k. [1ks is shown as B. Furthermore, equation (14.5) is expressed using the monolayer volume, V.
The amount of adsorbed gas at an arbitrary pressure is expressed as follows;

V,=V.0 (14.6)
By putting equation (14.6) into Equation (14.5), we obtain equation (14.7), the Langmuir equation.
V B
V, = ZnZP (14.7)
1+ Bp

If the condition of 1»Bp (low pressure range) is satisfied, equation (14.7) is transformed to equation (14.8);
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V=V Bp (14.8)

Equation (14.8) is called Henry equation, where the amount of adsorbed gas is proportional to the

adsorptive pressure. Equation (13.7) can be converted to equation (14.9).
plV,=1/BV, +plV, (14.9)

Equation (14.9) is used to analyze the experimental data. If the adsorption data matches the Langmuir
model, the Langmuir plot (p/V. vs. p) gives a linear line with the slope of 1/V.» and the intercept of 1/BVu, from
which the monolayer volume, ¥, and the constant, B can be estimated.

In our software, the Langmuir plot is automatically displayed on the computer screen. Next, if user selects
the starting point and the end point, the monolayer volume (V.), the Langmuir constant (B), and the surface
area (asLang) Can be calculated by means of the least-square method, and are displayed.

[Notice]:

The Langmuir equation (14.7), which is derived from the adsorption model on the nonporous surface (cf.
adsorption model given above), gives the Type | isotherm. In the physical adsorption, however, the Type |
isotherm is obtained for the microporous adsorbents such as active carbons or zeolites. In such
microporous adsorbents, the Type | isotherm can be explained by filling of the adsorbate molecules into
micropores; that is, the initial sharp rise of the isotherm corresponds to the filling process of adsorbate into
micropores, and the flat region of the isotherm appears when the micropores are completely filled by
adsorbate. It is reasonable to conclude that the monolayer volume (V) of microporous adsorbent obtained
from the Langmuir plot corresponds to the micropore volume. The surface area of microporous adsorbent
estimated from V., occasionally gives the abnormally high value. The surface area of some microporous
active carbon, if it is calculated from ¥, of the Langmuir plot, reaches 3,000 m?g™". This value is larger than
the maximum surface area, 2,630 m? g', whose value is estimated by assuming that both sides of the
graphite layer in active carbon are covered by monolayer of adsorbate.

«Reference»
¢ 1. Langmuir, J. Amer. Chem. Soc. 38,2219(1916); 40, 1368(1918).
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14-2. Operation |l

1. Select “Langmuir plot” from the “Analysis (A)” menu and the screen will show the following “Langmuir-plot”

window. The program will execute a Langmuir
plot from adsorption data of an isotherm

adsorption.

The program automatically draws an straight line.
The default selection is the start point as the
minimum data point and the end point as the
maximum data point. The program obtains the
monolayer volume (V../c m® g'') and the B value
from the slope of the approximate curve and
intercept. The program will also display the

correlation coefficient of the approximate curve.

# BELMaster - [Langmuir-Plot SAMPLE20.DAT] N =lE

¥ Fle(E) Anass() Settng(s) Wndow(W) Heb(H) - & x

= Adsorption / desarpt]
SAMPLE20.DAT

©© SAMPLE20.DAT(ADS)
Langmuir-Plot

SAMPLE20.DAT 0.3

Starting point |13

Hendpoint 25
25515603
34034603

0.9999

piv,

39103
17059
0.7497

100

p kPa

3. Select the starting and end points to obtain good linearity.

volume (Vu/cm3 g).

. In a chemical adsorption volume measurement, the chemical adsorption can be obtained from the monolayer

5. The nitrogen adsorption isotherm on a sample with micropores is shown as type |, and gives good linearity in a

Langmuir-plot. However, as described in the [Descrip

may be larger than the actual value.

tion], there is a tendency that the specific area obtained

The figure above shows a Langmuir-plot of microporous activated carbon.

The specific surface area obtained will be 1,706 mm? g' and this is larger than the actual value (1,400 to 1,500

m?2 g, on page 72).

. Select “Analysis parameters” on the “Setting” menu.
appear. Change the settings as needed.

7-1 "Analysis parameters,” on page 37.

The “Analysis parameters” window shown below will

For details about items not described here, see section

Enter a default linear I/-
range. If you do not click
on “Use pressure range

setting”, the analysis start

N\

point and end point will be

7 Analysis parameters [SAMPLE20.DAT] [E=REEN
Analysis Initial Value
[] Interpolate curve Pressure Unit
@ kPa
™ Torr
Data setting
k MEAS.
Adsorptive N2 TEMP. [K] 77
Cross sectional area [nm 2]
0.1620
{V] Use pressure range setting.
0.100 - 0.900 |kpa  ~|
[ setasthedefouttvaie | [ ok || canceL |

the default linear range.
The pressure unit can be
set to either kPa or Toor.
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Chapter 15: t plot

15-1. Description I

Adsorption amount depends on gas pressure, adsorption temperature, and properties of adsorptive gas
and adsorbent solid. In a nitrogen adsorption isotherm measurement, temperature is constant and gas is
limited, thus the isotherm changes according to the property of solid. However, in case of non-porous solid,
although there is difference in adsorption amount, there is almost no difference in the shape of isotherm. In
this case, plural isotherms can be expressed in one isotherm by standardizing adsorption amount. This is
the concept of standard isotherm. There are many ways of standardization, but the one that was suggested
by Shull et al. is frequently used. In this method, adsorption amount is expressed by the thickness of
adsorption layer f, and the equation is as follows:

t= Vo x 0.354[nm)] (15.1)

m

0.354 nm is the thickness of monomolecular layer. This value is obtained with a hypothesis that nitrogen
molecules make hexagonal closest packing on adsorbent surface; therefore, it is smaller than the diameter of
nitrogen molecule. Standard t-curve can be calculated from (15.1) converting adsorption isotherm of vertical
axis (adsorption amount) to thickness of adsorption layer.

Standard Isotherm Adsorption isotherm
T T

t'nm

.
0 0.5 1.0 0 0.5 1.0
P/Ps »lp,

A )
| Convertedto

[
Lo = i -
— g PR
/nm
(1) (m) (m)
t-plot

The t-plot method, which was invented by Lippens and de Boer, compares the above-mentioned standard
isotherm and arbitrary isotherm. Standard isotherm shows the relationship between relative pressure and
thickness of adsorption layer. Using standard isotherm, x-axis of isotherm that you wish to analyze can be
changed from relative pressure to thickness of adsorption layer. Obtained t-plot can be divided into 3 types
in broad term (Above diagram).

(3 different types of t-plot from (I) to (lll) are shown above, but this categorization is just for the matter of
convenience, and there is no type defined by IUPAC like in adsorption isotherm.)

If t-plot is a linear curve that passes the original point like (1), it means that adsorption amount increased at
the same rate as standard isotherm, and thus the adsorbent is considered to be non-porous material. Here,

the increased adsorption amount when adsorption layer increases by one layer ({=0.354nm) is equal to
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mono-molecular adsorption amount. Therefore, specific surface area asim? g-'] can be calculated from the

following equation with the slope of t-plot, s.

=Mxan:1.54lxs (15.2)

a
* 22414

Here, L is Avogadro constant and ¢ is cross sectional area of adsorptive.

If t-plot has 2 different slopes like (l1) that one of them is a sharp slope passing the original point and the
other is more gradual slope, it means that the adsorbent has homogenious sized micropores. In the early
stage of adsorption, adsorption amount increases drastically due to
adsorption into micropores (micropore filling) but the thickness of
adsorption does not increase so much, as the result, the slope of
t-plot becomes sharp. When adsorption into micropores is
completed, adsorption happens only on the surface. As a result,
the slope of the curve becomes gradual. At this point, whole
surface area (a1) can be calculated by applying the slope of the linear
curve L1 to equation (15.1). In the same manner, external surface

area (a2) can be calculated by applying the slope of the other curve

L2 to the equation. Pore surface area can be calculated by
subtracting a2 from a1. Pore volume can be obtained by converting
the value of Y intercept of L2 to a volume under liquid condition. Furthermore, adsorption condition is
considered to be like in the figure above at intersecting point of L1 and L2. Thus, doubled value of ¢ (value
2t) is regarded as the average pore diameter. However, value 2t gives wrong analysis results when pore
size is only 2 layer or less. When 2t value is smaller than 0.7nm, as it is micropore filing you can have rough
idea whether the pores are big or small but there is no credibility in terms of numerical value.

If t-plot draws a sharp straight line which begins from the original point but becomes smoother curve from
some point like (ITT), the adsorbent is considered to have mesopores. The deviation from the linear curve is
due to capillary condensation. Even in t-plot of this type, whole surface area can be measured from linear
that passes the original point like in case of (I).

Standard isotherm was invented originally with a purpose to express all the type II isotherms by one
conversion isotherm. However, as research progressed it was found that one standard isotherm was not
enough. Therefore, BEL Japan software contains 6 standard isotherms (4 of them are calculated from
adsorption isotherm on non-porous material, and 2 of them are from the literature). It is ideally best to
produce standard isotherm with non-porous material which surface chemical property is same as the sample
to be analyzed. But it is difficult to produce such standard isotherm in a practical sense. For this reason,
Brunauer et al. divided the statistical t-curves into categories by C-constant of BET method, and suggested
that it is better to select one that has similar C-constant to the isotherm of the analyzed sample. C-constant
is certainly a factor that indicates interaction between adsorptive and adsorbent, and it depends on not only
by chemical property but also by porous structure. When micropores exist, C-constant becomes very large
and standard isotherm cannot be selected with this value. BEL Japan recommends choosing standard

isotherm of a material that has similar to your sample in terms of bulk property.

«Reference»

¢ “Studies on Pore Systems in Catalysts V. The  Method”, B. C. Lippens and J. H. de Boer, J. Catalysis, 4, 319 (1965).
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15-2. Operation I

1. Select “t-plot” on the “Analysis (A)” menu and the screen will show the following t-plot windows. The program
will execute t -plot calculations from the adsorption data of a nitrogen isotherm.

2. Select “Analysis parameters” on the “Setting” menu. The “Analysis parameters” window shown below will
appear. Change the settings as needed. For details about items not described here, see section 7-1.
“Analysis parameters,” on page 37.

= Analysis parameters [Typel.DAT] 3) = &
Analysis Initial Value t interpolation
[] Interpolate curve Pressure Unit Data interpolation methgA_
 kPa 1 Linear Spline Bezier
4)
: ¥} User definition
°) Torr =
1) Kz [ save |[Reading |
tandard t curve data t/nm 5) b/Pa -
C:¥Users¥user¥Desktop¥test BEL JAPAN INCEFK |A|ter| 0316 . 7 = -’- .
2) 0.317 |3.730E-002
ta selection 0.318 3.826E-002
@ Ads | Des 0319 [3.9136002 |
0.32 4.000E-002 - 7\
0.251 | Apply | | Add || Delete |
Setasthedefautvaue | | ok || canceL | C —
~
°
o
-
1) Select a standard t-curve.
- Select a standard isotherm that has similar chemical characteristics to the sample surface.
- Click on the [Alter] button and the following selection window will appear. Select a set of standard t-curve \ 4

data file and click on [Open].

7 Open =)
Q\J [« Desktop » 090206 » T-DATA [ 49| [ searer o]
By Organize =+ B New Folder
Pt tine Name‘ Date modified Type Size
B Documents D Ao
B Desk | Carbon.t
il [ |FHHA
Places
o M e || Harkins-Jura.t
M Computer HIIT
B
L2
B v
[# Recently Changed
BB Searches
Public

Folders ~

Fie pame:  Silcat + |Stondandtcuvedata (1) 7|

| open |v] | cancs |

2) Select which data will be used for calculation, the adsorption branch or desorption branch.

3) Select an interpolation method for the file data.
- You can set the interpolation method to Linear, Spline or Bezier.

4) If interpolation method is not selected, the program will calculate a t-plot at the default setting point. When any
method is selected, the program will calculate the t-value specified in the table below.
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4)

5)

t-data setting.

- This table can be edited when you click on “User definition”.

Edit t-data settings.

- Click on the [Apply] button and the selected cell (yellow ) data will be overwritten with the value displayed in

the box.

- Click on the [Add] button the data displayed in the box will be added.

- The data that is applied or added are automatically sorted from top to bottom.

- Click on the [Delete] button and the selected data will be deleted.

In a t-plot, the program will automatically draw two straight lines.

line are the minimum data point (zero position) and the minimum data +1.

The default starting and end points of the 1st

2nd line are the maximum data point -1 and the maximum data point.

The figure on the right is a t-plot of a nitrogen
isotherm for macroporous silica. “silica-BET.t” is
used as a standard isotherm. When selecting a
standard isotherm whose chemical characteristics
are similar to the sample surface, a good linear t-plot
can be obtained that passes through the zero

position.

Select a start point (normally the zero position) and
an end point for the first straight line. From the

slope of this line, a specific surface area (a1) 70.1 m?
g'is calculated. This value is a good match for the
70.0 m? g’

and end points as the same point and delete the line.

The figure on the right is a t-plot of a nitrogen
isotherm for microporous activated carbon.
“NGCB-BET.t" was specified as the standard

isotherm.

Select a starting point (normally the zero position)
and end point of the first straight line.  The program
will calculate the specific surface area (a1) 1,532 m?

g’" from the slope of this straight line. Select the
starting and end points of the 2nd line. Using the
slope of this straight line, the external surface area

(a2) 45 m?g' can be obtained. The volume (7?) of

The starting and end points of the

BELMaster - t-Plot SAMPLE33.DAT]

# Fie(F) Anayss(A) Setting(s)

SAMPLE33.DAT

SAMPLE33.0AT

Window(W) Heb(H)

v, fom’ (STP) g'

60

=
3

o
S

t-Plot

0 0.5

t /mm

1.5

S endpomt 29 =

Intercept

0.0000

70.125
0.0000

2y(m? g7
v, [em3 g1]

Starting point 22

S

< Endpoint 29 T

BELMaster - [t-Plot SAMPLEZ0.DAT]

obtained from the BET plot (page 72). The 2nd straight line is not needed.

S

et the the starting

F==

alyss(d)  Settng(S) Wndow(W) _Heb(H)

- ax

SAMPLE20.DAT

v, fem’(STP) g

t-Plot

©©  SAMPLE20.DAT(ADS)

micropores 0.559 cm® g-! can be calculated from the intercept.

from a1 and az (ai- a2).

the pore diameter (2t/nm) can be obtained from the crossing point of the two straight lines.

A micropore area of 1,474 m? g is obtained

Also, if there is an apparent deflection by completed filling adsorbate into micropores,

The pore diameter of activated carbon is 0.75 mm and this value is a good match for the peak value (0.8 nm
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on page 90) of the pore width obtained from the MP-plot.

8. The figure on the right is a t-plot of a nitrogen isotherm for

9.

10.

mesoporous silica. “silica-BET.t" is used as a standard
isotherm. The “User definition” was clicked on and the

calculation range was widened to 3 nm.

Select a starting point (normally the zero position) and
an end point of the 1st straight line. The program will
calculate the specific area (a1) as 189 m? g-' from the

slope of this line.

If the adsorption volume is saturated (figure on the
right) in an adsorption/desorption isotherm, it may be
assumed that the adsorbate (nitrogen) filling all of the
pores is completed. In this case, select starting and
end points for the 2nd straight line. The external
surface area (a2) 9 cm® g-'can be obtained from the
slope of this line and the mesopore volume (72) 0.965
cm?® g is calculated from the intercept.

The mesopore area can be obtained as 180 m?g™,

from ai-az.

81

Analysis of measured data

+/ BELMaster - [+-Plot SAMPLE3LDAT]

¥ Fle(F) Anabss(a) Setting(§) Window(W) Heh(H)

Adsorption / desorpti|
SAMPLE1.DAT
2] method

t-Plot

‘SAMPLE31.DAT 900

v, lem*(8TP) &'

t/nm

©© SAMPLEILDAT(ADS)

aiing point 0 = End point 22

slope
Intercept 0.0000

2, Im2 7] 18863
v, [em3 g1] 0.0000

Qg oont 5% ] end pont 58

Slope =
Intercept 619.48

2,Im? ] 0.0983
v, [em3 g71] 0.9605
2¢[om) 10622

' BELMaster - [Adsorption / desorption sotherm SAMPLE31OAT]

=[]

P Fle(F) Anabss(d) Settng(S) Window(W) Help(H)

-8 x

B Adsorption / desorpt]
SAMPLE3L.DAT
&t method

‘ i i 9, )
Adsorption / desorption isotherm @ SAMPLE31.DAT(DES)

SAMPLE31.DAT(ADS)

SAMPLE3LDAT 900

¥, fom®*(STP) &'
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16-1. Description |l

Like t analysis, as method calculates specific surface area of sample by comparing isotherm of standard
sample and isotherm of the sample.

t value, which is calculated from standard isotherm and is used in t method analysis, indicates the
thickness of adsorption layer, but the reliability of the numerical value will be lost when 2t is below 0.7.

t= Vo x 0.354[nm] (16.1)
Vi

t value was originally invented to calculate the thickness of adsorption layer on the pore wall when pore
size distribution is drawn from IV type isotherm. When only comparison with the isotherm of standard
sample is intended, values of adsorption layer thickness and monolayer capacity V.. are not necessary. Also,
when single molecular layer is not formed or when BET-plot does not come into effect, monolayer capacity
cannot be calculated and it is impossible to use t analysis.

In order to solve the problem of t method analysis, Sing et al. (1968) suggested a; method, which analysis
is carried out by standardization with no.4 (adsorption amount at relative pressure, p/po=0.4, of N2 adsorption
isotherm at 77K of standard sample) rather than by standardization with ¢ value. 2

o =—= (16.2)

na indicates adsorption amount at arbitrary equilibrium pressure.
The reason that relative pressure for standardization was set to 0.4 is due to the following reasons:

1. Interaction behavior between adsorbent and adsorbate appears on isotherm below this relative

pressure.
2. ltis theoretically proved that hysteresis closes at p/po=0.42.

The actual analysis procedure is that o value of

standard sample is calculated from (16.2), and thena; a.-plot
curve is drawn (=as against p/po). The p/po value of ’
an isotherm can be converted to o5 value by using 500
as-curve and as-plot can be drawn.
400
Analysis process is basically same for as-plot and ,::D
t-plot. Like in t-plot, there are 3 different types of £ 300
as-plot and specific surface area can be calculated 'E/
. S 200
from the linear curve slope. The slope of as-plot of | (=
standard sample is calculated, which is bg(standard). 1
Also, the slope of the first linear curve is calculated 00
from as-plot of analysis sample, which is bueso)- 0
. . 0.0 1.0 2.0 3.0
The ratio between the above mentioned bastandard) Q,

and baesy) is equal to the ratio between two specific
surface areas. Therefore, if standard sample
specific surface area is expressed by asstandardy @and sample specific surface area is expressed by asesy,
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b,(test)  my,l(test)  a/test)

= = 16.3
b,(standard) n,,(standard) a (standard) 18-
thus
a (test) = _by(test) x a (standard) (16.4)
b, (standard)
ba(standard) @Nd as(standard) @re already known in this case, thus
a (standard)
_ andard) (16.5)
b, (standard)
a,(test)=b, (test)x k (16.6)

Whole specific surface area ai [m? g''] of the sample can be calculated with (16.6).

External surface area a2 [m? g''] and pore volume V,[cm? g''] can be calculated from the slope of the second
linear curve and the intercept respectively.  Moreover, internal surface area of pore can be calculated by
subtracting external surface area a> from Whole specific surface area a1 (Refer to Chapter 15 t-method
analysis).

Unlike t method analysis, in as-analysis, the average pore radius cannot be worked out from the
intersecting point of the 2 linear curves that are obtained from the plot. However, it is possible to calculate

pore radius by hypothesizing the shape of pore as slit shape or cylinder-shape.

e.g.: in case of cylinder-shaped pore (pore radius=r, pore length=L)

Inside volume of pore(Vp)=pore volume Vp=mr2L 1
Internal surface area of pore(aj))=whole surface area - external surface area ai =a1—a2=21rrL [2]
From [1] and [2], pore radius is calculated as follows.
2V 2V
r=—%t———*¢_ [3]
a, a —a,

In t method analysis, it is impossible to evaluate pore size below 3.5nm because there would be no
physical meaning when t value is below 0.35nm. However, there is no dimension in as-value, thus it is
possible to compare adsorption interaction at low relative pressure. In as-plot, the first linear curve can be
drawn easily because plot can be obtained even when as-value is small. Also, the first linear curve has to
pass the original point in t method analysis, but in as-analysis it is possible to select the range without the
fixed original point so that linear curve can be drawn easily.

It is suggested that non-porous material that has similar surface to the sample analyzed should be
chosen for the standard isotherm (sample for comparison). BEL Japan analysis software contains standard
isotherms that are made from N2 adsorption on non-porous material of SiO2, Al2O3z and Carbon (Graphitized
Carbon and non Graphitized Carbon). Select a most suitable standard isotherm to your sample.

Furthermore in as-method, there is an advantage that it can be used with other adsorbate other than
nitrogen because it does not need the values of monomolecular layer adsorption amount or adsorption
cross-section area of adsorptive.

«Reference»

1) D.Atkinson, A.ILMcLeod, K.S.W.Sing, J Chim.Phys., 81,791(1984)
2) K.S.W.Sing, Carbon, 27,5(1989)
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16-2. Operation |l

1. Select “as plot,” on the “Analysis (A)” menu and the screen will show the following as plot windows. The
program will execute an as plot from adsorption data of an isotherm.

2. Select “Analysis parameters” on the “Setting” menu. The “Analysis parameters” window shown below will
appear. Change the settings as needed. For details about items not described here, see section 7-1.
“Analysis parameters,” on page 37.

= Analysis parameters [Typel.DAT] 2) =] &
Analysis Initial Value Relative pressure setting
7] Interpofate curve Pressure Unit j i

@ Lij Spli Bezi
) ) Linear ) Spline | Bezier
@ kPa 3) "

Y| User definition

° Torr
|: 1) |standardes data o 4 /Py &
Cr¥Users¥user¥Desktop¥test BEL JAPAN INCERK Alter] 0.1 4;60&]5—605 .
0.15 1.104E-004
Number of liner 0.2 '2.24BE-UU4
@ 1 Line @ 2 Line 0.25 4.036E-004
0.3 .?.1905—004 -
0.1
Setasthedefauttvaue | [ ok || cancel — =
L —

1) Select a standard as -curve.
- Select a standard isotherm
- Click on the [Alter] button.
click on the [Open] button.

o]

that has similar chemical characteristics to the sample surface.
The following selection window will appear. Select a standard as -curve file and

+ Open [===]
(I [] « Desktop » 090206 » T-DATA v [*3 || saren A
Organize v 258 Views ~ W New Folder
p Name Date modified  Type Size
IE Documents =} Earbana
- Si02.as
B Desktop =
%5 Recent Places
(M Computer
[ Recently Changed
% Searches
Public
Folders ~
File name: | F8 ~ [Standard ss data ‘as) -
l Open  |» | Cancsl |

2) Select a method for interpolating the file data.

- You can select Linear, Splin

e or Bezier.

3) If “User defintion” is not clicked, the program will calculate an as -plot at the default setting point. When you

click on “User definition”, the
4) as setting

program will calculate the as value specified in the table below.

- When “User definition” is selected, this table can be edited.

5) Edit the as setting.
- Click on the [Apply] button.

The selected cell (yellow) data will be overwritten by the value displayed in the
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4.

box.
- Click on the [Add] button.

The data displayed in the box will be added.

- The modified and added data are sorted automatically in top to bottom order.
- Click on the [Delete] button and the selected data will be deleted.

. In an as -plot, the program automatically draws two straight lines.
the 1st line are the zero position and the first point, and the starting and end points of the 2nd line are the

maximum data point -1 and the maximum data point.

The figure on the right is an as -plot of a nitrogen
adsorption isotherm for macroporous silica. “SiO2.as” is
used as a standard isotherm. When selecting a
standard isotherm whose chemical characteristics are
similar to the sample surface, good linearity can be
obtained as the as -plot passes through the zero
position.

. Select a starting point (normally the zero position) and

end point of the first straight line. The specific area (ai)
72.3 m? g'is calculated from the slope of this line.
The 2nd straight line is not needed. Use the same
point as both the starting and end points and delete the
straight line.

. The figure on the right is an as -plot of a nitrogen

adsorption isotherm for microporous activated carbon.
“NGCB-BEL.as” is specified as the standard isotherm.
Select a starting point (normally the zero position) and
end point of first the straight line. From the slope of
this straight line, the program will calculate the specific
area (a1) 1,564 m?2 g'. Select the starting and end
points of the 2nd line. The external surface area (a2)
41 m2 g' can be obtained using the slope of this
straight line. The volume (72) of the micropores 0.562
cmi3g'can be calculated from the intercept. The pore
area of the micropores is obtained as 1,523 m? g, from

(a1 - a2).

. The figure on the right is an as -plot of nitrogen

adsorption isotherm for mesoporous silica.
“silica-BEL.as” is used as a standard isotherm. Select
a starting point (normally the zero position) and an end
point for the 1st straight line. The program will
calculate the specific area (a1) 191 m? g from the slope

of this line.
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Analysis of measured data

8. In an adsorption/desorption isotherm, if the adsorption 7 St Roopton derpien s SWPESIONT] - = =

¥ Fle(F) Analyss(A) Setting(S) Window(W) Hebp(H) -8 x
volume is saturated (figure on the right), it may be B —— oo Moz
assumed that the adsorbent (nitrogen) has filled all the o
pores.
9. Select the starting and end points of the 2nd straight | 600 8

line. From the slope of this line, the external surface
area (a2) 8.2 m?g! can be obtained. The mesopore

v, lem*(STP) g

volume (72) 0.96 cm?® g''is calculated from the intercept. 20 H /
The area of the mesopores can be obtained as 182 m? J/
g, from (a1 - @2). | e
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Chapter 17: MP method analysis

17-1. Description I

In case of samples with micropores, the slope of t-plot decreases at a certain point (refer to Chapter 15 t-
method analysis). If the size of micropores is homogenous, the plot will be on either of the two lines. In
other words, the straight line from the origin should be bent sharply at the point when filling into micropores is
complete. However, plots have curvature. This means that there is distribution in pore size. In short, MP
method measures distribution from the curvature of t-plot. In order to perform MP method analysis, t-plot
has to be produced first.

The slope (s2) of the linear curve (L2), which connects the 1st point and the 2nd point, is smaller than the
slope (s1) of the linear curve (L1), which connects original point and the 1st point. This is because pores are
filled with adsorbate. The surface area of pore can be expressed by the difference between a1 and a2, which
are both calculated by multiplying each slope by 1.541. Pore volume 71 [ml-g-1] can be calculated by
multiplying a1 by thickness of adsorption layer. Thickness of adsorption layer used in this method is the
average value of the thickness of 1st and 2nd layer (1 and © respectively), so the following equation can be
made.

V,=(a, —a,)x(t1+£2)/2x107° (17.1)

Distribution curve can be obtained by carrying out the

same calculation until the end point of t-plot and then plotting
the obtained pore volume against the thickness of adsorption
layer (average value). a1 in MP method is the surface area
that is calculated from linear curve that passes the original
point, and a: is the one that is calculated from the other linear
curve. 7, is an integrated value of pore volume, which can

1.2 be obtained in (17.1). Although d,.. is the peak position it is

V /ml(STP) g

not suitable for MP method analysis when dpea is below 0.7

nm, due to the same reason for the fact that average pore

=
e

diameter is not accurate unless 2 or more adsorption layers

1 2 ) are formed in pores.
/nm

«Reference»
* “Investigations of a Complete Pore Structure Analysis I. Analysis of Microstructure”, R. Sh. Mikhail, Stephen
Brunauer, and E. E. Bodor, J. Colloid Interface Sci., 26, 45 (1968).
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17-2. Operation

1. Select “MP plot” on the “Analysis (A)’ menu. The screen will show the following MP plot windows.
The program will execute an MP plot from adsorption data of a nitrogen isotherm.

2. Select “Analysis parameters” in the “Setting” menu. The “Analysis parameters” window shown below will
appear. Change the settings as needed. For details about items not described here, see section 7-1.
“Analysis parameters,” on page 37.

I i
IE |
i I
I} ]
il O iepomtecuve  Pressuetin ~~ i
I P @ Linaar Spina Begiar 1
I . = k3 I
[} 3) Pore dameter ranga of the user setting ]
] . i
Tam il

4) u

1) 5 iEs iHen il
i o 1]
1 1]
L] - - T 1]
il i 7 7 AL il
[ 0375 n.210 0420 1]
I} ]
|i 0.325 0,300 0500 i
[ 0.375 0.250 0700 [1]
II VLD G LRI = =
[ — 1]
e i e 1 273 1]
Il | 3t a5 the defauf vaiue | | Ok || CARCEL | N —

1) Select a standard t-curve.
- Select a standard isotherm that has similar chemical characteristics to the sample surface.
- Click on the [Alter] button and the following selection window will appear. Select a standard t-curve data file
and click on the [Open] button.

' Open — =)
S~ —
(LX) [ « Desktop » 030206 » T-DATA 45 [ searcn 2l
- " Name Datemocified  Type size
B s || Aluminat
s : Carbon.t

Deskt ™
F SER | FHHE
&l Rec ] Harkins-Jura:t
- | silicat
B Pict
B Music
@i Recently Changed
B Searches

Public
Folders ~

File name: Carmor| ~ [Stondedtowvedaa ) v

2) Select an interpolation method for the file data.
- You can select Linear, Spline or Bezier.

3) If “Pore diameter range of the user setting” is not selected, the program will calculate using the default range.
When “Pore diameter range of the user setting” is selected, the program will calculate the pore diameter range
specified in the table below.

4) If “User definition” is not selected, the program will calculate a t-plot using the default setting point. When “User
definition” is selected, the program will calculate the t value specified in the table below.

t value settings

- When the “User definition” is selected, this table can be edited.

- Click on the [Apply] button and the selected cell (yellow ) data will be overwritten by the value displayed in the
box.
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- Click on the [Add] button and the data displayed in the box will be added.
- The modified and added data are automatically sorted T = —— CoE

is(A)  Setting(5) Window(W) Help(H) -8 x

SAMPLE20.DAT(ADS)

in order from top to bottom. At e . -
- Click on the [Delete] button and the selected data will R 3

be deleted.

3. The figure on the right is an MP-plot of a nitrogen , /\
= T a,[m2gl]  1587.2

adsorption measurement on microporous activated R | \‘ AU s
9 e [1M] 0.80

carbon. “NGCB-BEL.t" is used as a standard - { \

isotherm. J
L |

1dd,

dv,

4. When you want to smooth the lines, select “Smoothing settings” on [ smoothing settings

the “Settings” menu. The “Smoothing settings” window shown on

; ; @ Active Data -
the right will appear.
Start Point 1 |5 End Point 16 2

v

Processing Mark (1 2| Paint

[ Average spine Execute | | RETURN || canceL |

J

e

(=] B

-8 x

BELMaster - [MP-Plot SAMPLE20.DAT] . - X
(A) Settng(S) Window(W) Heb(H)

5. The figure on the right shows the result of clicking on
the [Average Spline Execute] button to perform one
round of smoothing. It can be seen from the figure
that this activated carbon sample has micropores of 2
0.4 to 1.1 nm diameter (d,), and has a distribution peak :‘f’ \

(dppealnm) at 0.8 nm.  From the slope of the 1st T ¥ b e
straight line that passes the t-plot zero position, the / \ ot o
program will calculate the total specific surface area

(a/m2 g™).  From the slope of the last straight line, the 06 i
program will calculate the external specific surface / 1
area (a2/m? g™").  Further, by multiplying the product of / \
the surface area at each point by the thickness of the .
adsorption layer, the pore volume (V/cm® g™') can be
obtained. Since the MP-plot is an analysis method K== —
derived from a t-plot, the results of the MP-plot closely resemble those from a t-plot (page 80).

©@ SAMPLE20.DAT(ADS)

MP-Plot

‘SAMPLE20.0AT 18

av, | dd,
o

.

d, nm

6. The MP-plot is greatly influenced by the difference in chemical characteristics between a sample surface and a
standard material, and by the micropore filling effect, so it will not produce a smooth curve. However, the
MP-plot is useful for determining the existence or absence of micropores and their range of size. Please note
that even when there are no micropores, the MP-plot will analyze a sample as though there is a peak micropore

area.
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18-1. Description |l

In type IV adsorption isotherms, hysteresis occurs in adsorption and desorption processes. The
hysteresis shape depends on the shape of mesopore. Whenever hysteresis exists, equilibrium adsorption
amount at desorption is larger than the one at adsorption. This is because capillary condensation of
nitrogen gas happens in mesopore and there is difference in meniscus between in adsorption process and in
desorption process. There is an equation which represents the relationship between mesopore size and
critical condensation pressure, Kelvin equation, and some analysis using Kelvin equation to calculate pore
size distriburtion have been reported. Some of these methods are based on the assumption that the
mesopores have cylinder shape (Dollimore & Heal method, Cranston & Inkley method and etc. ). Pore size
distribution is calculatied from desorption isotherm. In 1951, Barrett, Joyner and Halenda proposed a
method to evaluate pore size distribution. Pore curve is expressed as percentage change of pore

volume(AVy/ Arp) against micropore radius(rp).

In the area where capillary condensation is in presence, radius of cyrinder shaped pore is sum of the
thickness of adsorption layer at the arbitrary pressure (t) and core radius () of meniscus part.
r, =t+r, (18.1)
Thickness of adsorption layer can be calculated from t curve of standard sample, and core radius can be

calculated by Kelvin equation (18.2).

lnﬁz—zﬂ/Li
Do RT r,

Here, rn is meniscus radius, y is surface tension, 7. is molar volume of liquid adsorptive, R is gas

(18.2)

constant and T is absolute temperature. In mesopore with cyrinder shape, suppose menisucus radius at
desorption is equal to core radius (rx), and if y and V7 of nitrogen at liquid nitrogen temperature (77 K) are

applied, the following equation can be obtained.

r, =0.953/In(p,/ p) (18.3)

In very fine pores, having widths of the order of a few molecular diameters, the Kelvin equation could no
longer remain strictry valid. Analytical methods based on the equation give a substantial margin of error

when it is applied to calculation for pores below 1-1.5 nm.
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(P/po)y

Consider a system of open ended cylindrical pores.

Assume that the relative pressure (p/po)1, slightly lower than saturation vapor pressure and at the pressure
all pores are filled with liquid.

As the pressure decreases, desorption occures. When the pressure is reduced from (p/po)1 to (p/po)2, a
certain amount of gas, 4V is desorbed. The reduction in relative pressure result not only in emptying the
largest pore of its capillary condensate, but also in a reduction in thickness of the physically adsorbed layer by
the amout 71. 471 and V1, the volume of pores which has the largest pore radius r,1 are expressed as follows:

AV, = z(r, +At)’ L, (18.4)

V= mfpzll:1 (18.5)

where L, is the total length of first pore (pore radius : 7,1). Thus ¥V,1 can be expressed as follows:
Vp1 =R AV, (18.6)
where R, = rjl (7, + Atl)z. When the pressure (p/po): is lowered to (p/po)3, 4V of gas is desorbed. AV

is not only that which comes from the second pore (pore radius: r2) but also includes that from a second
thinning of the physically adsorbed layer left behind in the first layer. If the volume which is released by this
thinning is designated as V/,,, then:

V,, =R, (AV, =V,) (18.7)
where R, =7 /(r,, +At,)". Inspection of the figure above shows that
Vi =7l (r,, + Aty + AL))? — 7, (ry, + A1)’ (18.8)
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Equation (18.8) is simple but in case that a greater number of pores are involved, such a calculation would
become impractical. An alternative expression for V. is:

Vie = Aty x Ac, (18.9)
where Aci is average area from which the physically adsorbed gas is desorbed. Equation (18.9) can be

generalized to express Vam when the pressure is lowered to (p/po). as follows:

n—1
Vi, =AL,> A, (18.10)
j=l1

Generalizing equation (18.7) and substituting (18.10) for Van yields:

n—1
Ve, =R,AV, —RAt,> A, (18.11)

Jj=1
. (18.11) is complicated to carry out pore size distribution because Ac varies
stepwise with each successive decrease in p/po. On the other hand 4,, the
area of each pore, is a constant which can be calculated from its volume by
the relationship 4,=2V,/r,. It is obvious that using A4, for calculation is more
practical. Figure left represents At change in thickness of the physically
adsorpbed layer of a previously emptied pore of radius l_fp during the nth

desorption step. In a desorption step, capiraly radius changes from r..1 to
At, .. The average value of r..1 and r. is r.. Although Ac in equation (18.11)

varies actually before and after a desorption step, it can be represented using ,_,C as follows:

A = A x(relry) (18.12)

Also 7¢ can be described as follows:

re =rp—t; (18.13)
where ¢, is the thickness of physically adsorbed layer at the corresponding value of (p/po). Equation (18.11)

can be rewritten as:

n-1
V, =RAV, —RAt,> c,A, (18.14)
Jj=1
where 3 3
R, =r) /(5 + A1) (18.16)

c is a ratio of lateral area of two cylinders, one of which has a radius of r. and another has a radius of 7, .

Even in the same pore, ¢ value varies according to thickness of the physically adsorbed layer, i.e. ¢ depends
on the pressure. But in the original paper, they insisted that there was no big deal of error if ¢ was treated as

a constant. Then they derived equation (18.17) from equation (18.14).

n—1
V,=RAV, =R AtcY A, (18.17)

j=1
They recommended using 0.75, 0.8, 0.85, 0.9 as ¢ value to make calculation simple in their original paper.
And they also recommended that ¢ value should be selected according to a peak position of pore size
distribution curve. Nowadays computers have developed and we can use equation (18.14) for pore size
calculation without determining ¢ value, which makes the calculation more accurate. Pore radius can be
obtained from equation (18.1), pore volume can be calculated from equation (18.14) or (18.17). Pore size
distribution curve can be yieleded by plotting 4V/4r against pore radius. By summing pore volume variation
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Analysis of measured data

and plotting them against pore radius, cumulative pore volume curve can be obtained.

«Reference»
¢ “The Determination of Pore Volume and Area Distributions in Porous Substances. I. Computations from

Nitrogen Isotherms”, Elliott P. Barrett, Leslie G. Joyner and Paul P. Halenda, J. Amer. Chem. Soc., 73, 373
(1951).
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Analysis of measured data
18-2. Operation |l

1. Select “BJH plot” on the “Analysis (A)” menu and the screen will show the following BJH plot window. The

program will execute a BJH plot from adsorption or desorption data of a nitrogen adsorption isotherm.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will

appear. Change the settings as needed.  For details about items not described here, see section 7-1.

“Analysis parameters,” on page 37.

Analysss Intial Value t A
Interpolate curve Pressure Untt Data nterpoltion method

© Unear ine Bezier
o kPa So

Pore dameter range of the user setting

Torr

Standard t curve data User definition 4 6)

C:\Program Fles\BEL JAPAN INC\T-Data\Skca. t

p1p r, /nm d, /om|
0.99
91.544 183.089
80.518 161.036
68.934 137.868

1) Select a standard t-curve.
- Select a standard isotherm that has similar chemical characteristics to the sample surface.

- Click on the [Alter] button and the following selection window will appear. Select a standard t-curve data

file and click on the [Open] button.
4 Open —— =50
Q:} [1. < Desktop » 090206 » T-DATA « 43| [search |
~ BB New Folder
Name Datemodified  Type Size
B Documents 1o} Airc]
= || Carbonst
eskiop
: [ I FHHL
& Recent Places || Herkins-Jurat
; Computer [lsiicat |
) Pictures
B Music L
& Recentiy Changed
Searches
i Public
Folders ~
Fie game:  Siical + [Sandardiouvedasty v

2) Select which data will be used for calculation, the adsorption branch or desorption branch.
- Most porous samples have a pore size distribution. It is believed that distribution of pore size in these
samples can be obtained from the adsorption process, and the distribution of the bottle neck can be
obtained from the desorption process.

3) Select a calculation method for the C value.
- Normally, select “Auto Calculation”. Any fixed value can be selected from 0.7, 0.75, 0.8, 0.85, or 0.9.
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4) Select a method for interpolating the file data.
- You can select Linear, Spline or Bezier.
- If you want to execute an interpolation with the same interpolation method in an adsorption/desorption

isotherm, you can check whether the interpolation method is appropriate.

5) If “Pore diameter range of the user setting” is not selected, the program will calculate using the default range.
When “Pore diameter range of the user setting” is selected, the program will calculate the pore diameter range
specified in the table below.

6) If “User definition” is not selected, the program will calculate the plots with the relative pressure data below.
When “User definition” is selected, the program will start calculating based on the default settings of relative
pressure.

7) Relative pressure settings

- When the “User definition” is selected, this table can be edited.

- Click on the [Apply] button and the selected cell (yellow ) data will be overwritten by the value displayed in the
box.

- Click on the [Add] button and the data displayed in the box will be added.

- The modified and added data are automatically sorted in order from top to bottom.

- Click on the [Delete] button and the selected data will be deleted.

= (=

)

BJH plot

4+ BELMaster - [BJH-Plot SAMPLEO3.DAT]
3. The figure on the right is a BJH-plot (differential curve) e -8 x
k3 il gt | osatpl @@ SAMPLEO3.DAT(ADS)
. . . . s SAMPLED}.DF\T BJH-Plot e o
of a nitrogen adsorption isotherm for mesoporous silica. | “EEE=E oz
“silica-BEL.t" is used as a standard isotherm.
0.16 "(T
3 v, [m? g1 1.0640
s I peAreS) ] 7.99
ap[mz g1 338.88
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[1]
1 10 100
7, /nm
4. When you want to smooth the data, select “Smoothing settings” on i+ Smoothing settings =HEE X
the “Setting” menu. The “Smoothing settings” window shown on :
@ Active Data
the nght will appear. Start Point _1 = End Point 31 =
Processing Mark |1 - Point
[ Average Spine Execute | | RETURN || canceL
5. The figure on the right shows the result of clicking the =~ |~ == trieresem = —
[Average Spline Execute] button to perform one round BJH-P ot 08 SHTLERHTERS
. . . . SAMPLED3.DAT 0.18
of smoothing. From the figure, it can be seen that this
silica sample has mesopores of 2 to 15 nm radius, ﬁ
and it has a distribution peak at 8.0 nm. The 94z 7[
integrated pore volume (V) will be 1.064 cm? g'. = Vet ieso
: / ™
0.06 ﬂ@
0
1 10 100
r, /om
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6. For this silica, select the desorption process on the
“Analysis parameters” window. The figure on the right
shows a result of clicking the [Average Spline Execute]
button to perform one round of smoothing. From the
figure, it can be seen that this silica sample has
mesopores of 3 to 9 nm radius at its neck, and has a

distribution peak at 5.3 nm.

7. In aBJH plot, the Y axis units can be set to “dV,/dry,” “dV,y/dlog rp,” or [ Y-wis display setings (MMMMMMMNNNS

' BELMaster - [BJH-Plot SAMPLEO3.DAT]

=l

2% Fle(E) Analss(A) Settng(S) Window(w)

Help(H)

-8 x

@@ SAMPLE3.DAT(DES)

v, [em3 1] 1.0827
T pesAre3) o] 5.29
a,Im? g1 387.23

& Adsorption / desorpt
SAMPLEG3.DAT BJH-P ot
o
SAMPLED3.DAT 0.36
0.24 ﬂ
&
S
&
=
0.12
o
1 10
A . ¥, /nm

100

“XV,”in “Y axis display settings” on the “Settings (S)” menu. ’ Y-od8 Oty settos
Automatic
Integrated graphs (integral curve) are shown from a larger pore size. e 050 R SO
V! Mn. value 0.0000 v| Display grid Ine
- “dVp/dry” ---is the area distribution. 7] Scale resoltion 0.1200
« » . . . . Unt Specify notation.
- “dVp/dlog r,” ---is the volume distribution. o av, /dr,
Distribution of larger diameter are bolded. dv, / dlogr,
-z --- is an integral curve. v, Number of decmals
1 v
|_Set as the defauk vake | OK | canceL |
=16

8. The figure on the right is a BJH plot (integral curve) of
the silica described before calculated from adsorption

branch of its isotherm.
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Chapter 19: CI plot

19-1. Description I

Cl method is the way to calculate pore size distribution using Kelvin equation like BJH method.

Cranston and Inkley proposed this method in 1957. They insisted that their method was superior to BJH
method in some aspects below:

1) Cl method is more exact than BJH method.

2) Cl method can be applied either adsorption or desorption branch.

3) Comparing surface area from Cl method and from BET method provides a measure of the validity of

physical assumptions.

It is assumed that pores are cylindrical in shape with one end closed. Although the adsorption branch is
adopted for derivation as follows, it does not mean that this method cannot be applied to the desorption
branch. At a relative pressure p,, all pores which radius is smaller than r are filled with adsorbate and pores
with radii larger than » contain adsorbed layer and of thickness #. Let V.6r be the volume of pores having
radii between r and r[1Jr, where or is very small campared with r.

Consider an adsorption step from a relative pressure p, to p-+s~. Due to this pressure increase, capillary
condensation occurs in the pores with radii from » to r+dr. At the same time the thickness of adsorbed layer
increases from ¢ to #+4t in the pores with radii larger than r+dr.

As a result adsorbed amount increases by V.5V :

v.or = (= t) V&’«%I

7”

(19.1)

r+or r r

The first term of the right-hand side represents the volume of nitrogen which has gone to fill pores, while

the second term represents the volume of nitrogen which has contributed to increasing the thickness of the

adsorbed layer. In the limiting case, where Jr tends to zero, equation (19.1) can be rewritten as follows.
2
r—t 2V (r
v.dr = %Vrdr + dtJ'M (19.2)

r

Consider a finite adsorption step from p1 to p2. With the change in pressure, critical radius varies from r to r2
and the adsorbed layer thickness varies from 7 to 2. V,,, the increased amount adsorbed in this adsorption

step, can be expressed as follows:

—Ivdr—I Vdr+(t —t)J'V(zr —B) gy (19.3)

},.

Assuming ¥, is sensibly constant over the range r1 to r2. This assumption is valid when the difference
between r1 and 2 is enough small. (19.3) can be converted into (19.4).

vy, = Mz I(r h)’ dr + (1, —t)J'V(zr L) 4 (19.4)

rh=n

ri
where 712 is the volume of pores with radii between r1 and . To calculate pore volume, (19.4) is

transformed as follows:

Tr—t
V,=R,| v, -k, IT;Z V.dr (19.5)

r2

97

)

Cl plot

C



)

joid |9

C

where
nh—n

R, =+ (19.6)
H(r -t,)° /r2]dr
rl
ki, =4, —t) (19.7)
t+t
L= 172 (19.8)
The integral term in equation (19.5) is replaced by a summation term.
Vmax r _tlz
Vv, = Rn(v12 ki1 e V,ArJ (19.9)
2 r
Equation (19.10) can be derived by replacing pore radius in equation (19.9) to pore diameter.
dmax d 2t12
v, = 12["12 klzdezM —2y Ad (19.10)

Cranston et al. made a table for Ri2 and k12 from isotherms on 15 nonporous materials prior to pore size
distribution. Also they made a table for (d —2t12)/d2 to simplify the calculation. Recently computer

has developed. Calculating (d—2l‘12)/d2 value against each pore size is not so hard and the

calculation result is more accurate. In our software, calcuration is carried out as such.

«Reference»
* “The Determination of Pore Structures from Nitrogen Adsorption Isotherms”, R. W. Cranston and F. A. Inkley, Advan.

Catalysis, 9, 143 (1957).
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Analysis of measured data
19-2. Operation I

1. Select “Cl plot” on the “Analysis (A)” menu and the screen will show the following Cl plot windows.

The program will execute a Cl plot from adsorption or desorption data of a nitrogen adsorption isotherm.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will
appear. Change the settings as needed. For details about items not described here, see section 7-1. “Analysis
parameters,” on page 37.

= = e i e |
o ]
W PO ]
il AnaHEs nlE Vaue B I
i Intepolats curve Pressure Unit Dat interpolaton method N ol
¢ (]

] 2 kPa ]

re uesr s I

T — |
i 207 (]
i ]
LI e T (]
|I| Sianigaid T Cu've ddid FSET OermIuon !
Ciiaerapacs LiDsaktep IS0 1T Dataiaca.t | AReT } %

i

I Dtz sebction piny Lol i, [ i
i T s.oo ]
i 9 Ads Des S (]
il 0989  91.54 183.069 i
IH nos?  lmnsm 161 0% m
1] 0.985 68.934 137.868 ]
I ]
11 ) -\ 0o ]
Hll | Set i the defauk value | Ok || CANCEL | — IIH

1) Select a standard t-curve.
- Select a standard isotherm that has similar chemical characteristics to the sample surface.
- Click on the [Alter] button and the following selection window will appear. Select a standard t-curve data file and
click on the [Open] button.

o
— [
+ % [ search 2|
Name Datemodified  Type Size
B i Ahim
arbon.t
Deskts =
! Sl | |FHHL
A Pf“"tp'“as || Harkins-Jura:t
PR Compider  sicas
B Pictures
B Music
# Recently Changed
BB Searches
Public
i
|| Folders -
Flename: Siica v [Standerdtounedaall) v
E

2) Select which data will be used for calculations, the adsorption side or desorption side.

- Most mesopore samples have a distribution of pore sizes. In these samples, it is assumed that pore size
distribution can be obtained from the adsorption process, and the distribution of the bottle neck can be obtained
from the desorption process.

3) Select a method for interpolating the file data.

- You can select Linear, Spline or Bezier.

- In an adsorption/disorption isotherm, if you want to execute an interpolation using the same interpolation
method, you can check whether the interpolation method is appropriate.

4) If “Pore diameter range of the user setting” is not selected, the program will calculate using the default range.
When “Pore diameter range of the user setting” is selected, the program will calculate the pore diameter range
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specified in the table below.
5)

If “User definition” is not selected, the program will calculate the plots with the relative pressure data below.

When “User definition” is selected, the program will start calculating based on the default settings of relative

pressure.

6) Relative pressure settings.

- When the “User definition” is selected, this table can be edited.
- Click on the [Apply] button and the selected cell (yellow ) data will be overwritten by the value displayed in the

box.

- Click on the [Add] button and the data displayed in the box will be added.
- The modified and added data are automatically sorted in order from top to bottom.
- Click on the [Delete] button and the selected data will be deleted.

3. The figure on the right is a Cl-plot (differential curve) of
a nitrogen adsorption isotherm for mesoporous silica.
“silica-BEL.t" is used as a standard isotherm.

4. When you want to smooth the data, select “Smoothing settings” on
The “Smoothing settings” window shown on

the “Settings” menu.
the right will appear.

5. The figure on the right shows the result of clicking the
[Average Spline Execute] button to perform one round
of smoothing. From the figure, it can be seen that this

silica sample has mesopores of 2 to 15 nm radius, and

has a distribution peak at 8.0 nm. The integrated pore
volume (¥,) will be 1.085 cm3 g and the integrated pore

area (ap) is 332 m? g,

! BELMaster - [CI-Plot SAMPLEO3 DAT] %

=] E

¥ Fle(F) Analss(a)  Setting(S)

Window(W)  Help(H)

-8 x

&5 Adsorption / desarpti
:.. SAMPLEO3.DAT

=i method |
SAMPLEQ3.DAT 0.27
0.18
5
=
0.09

CI-Plot

100

©@ SAMPLED3.DAT(ADS)

v, [em3 g1 1.0846
7 pekAres) [nm]  7.99

2 g-
2,[m? g1] 331.01

i Smoothing settings

@ Active Data
Start Point |1 [2

Processing Mark (1 2| Point

End Point (30 2

Average Spine Execute | | RETURN || canceL
K y
+ BELMaster - (CI-Plot SAMPLEO3.DAT] N =8
# Fle(E) Analyss(A) Setting(S) Window(W) Help(H) -8 x
= Adsorption / desorpt] R
ooy B Pt ©@ SAMPLEO3.DAT(ADS)
=RCI method
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0.16
5
o v, [em3 g71] 1.0846
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Analysis of measured data

) . . ' BELMaster - [CI-Plot SAMPLEG3.DAT] - eSS )
6. Select the desorption process to use for this silica B oD Ayl settng(s) Wndow(#) _hao(t) Sax
(= Adsorption / desorpti @ .| it )
sample on the “Cl-plot setting” window. The figure on || g Ci-Flot o
SAMPLED3.DAT 0.45
the right shows the result of clicking the [Average Spline
Execute] button to perform one round of smoothing.
From the figure, it can be seen that this silica sample 03
has mesopores of 3 to 9 nm radius, and has a s .
& v, am3 g1 11237
distribution peak at 5.3 nm. s ol
0.15
0 L]
1 10 100
! r, /nm
| < [ r |

7.In a Cl plot, the Y axis units can be set to “dV,/dry,” “dVy/dlog ry", or [ Y-axis display settings NN
“TV,” in “Y axis display settings” on the “Setting(S)” menu. ey itioe
Automatic
Integrated graphs (integral curve) are shown from a larger pore size. V) Max.vabe  0.4500 Display logarkhmic scale
“ " . — . V] Mn. value 0.0000 7! Display grid Ine
- “dVy/dry ---is the area distribution. S,
- “dVy/dlog r,” ---is the volume distribution. Unt Specfy notation.
® dv_/dr
Distribution of larger diameter are bolded. £ e
de dlogrp
- = --- is an integral curve.
’ g 2 VP Number of decimals
1 7
[ setas the defauk vae | [ ok ][ canceL |
8. The figure on the right is a Cl plot (integral curve) of the [ s csorsavpumomn =l
N ] i # Fle(f) Analyss(A) Setting(§) Window(W)  Help(H) o B
silica described before calculated from adsorption e Adoyn dearl C1oplat 05 SaPLEDOATOR)
. . =] 1 method |
branch of its isotherm. SAMPLER3.0AT 13

e
k-
2 Vprm@ 11 11237
N ap[mlg"] 400.19
]

0.5
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Chapter 20: DH plot

C

20-1. Description |l

DH-method is based on Kelvin equation and used to calculate pore size distribution like BJH and CI

method. Dollimore and Heal proposed this method in 1964. Complex assumptions are not required and

calculations are simple.
Assume that pores are cyrindrical in shape with one ends closed. As the pressure is lowered stepwise

from saturation pressure, desorption occurs. Let the critical radius when the nth step of desorption occurs,
7, - Total volume of pores which are still filled with adsorbate after the nth step of desorption, V[> r, 1.

can be described as follows:
r{’n
2
Vi<r, 1= I;rrp L(r,)dr, (20.1)
0

Also the length and the surface area of pores which are emptied before the nth step of desorption,
A[>r, ] and L[>r, ] can be expressed as follows:

Al>r, 1= |27, L(r,)dr, (202)

Ton

I[>r, ]= IL(rp )dr, (20.3)

where L(rp) expresses the length of pores which has radius of r,- It is a continuous function of 7,
AVn, the amount desorbed by the nth step of desorption is:

AV, =AV —-AV, (20.4)
where AVC is the sum of capillary desorption and AVm is the total of multilayer desorption. At this time,
the volume of adsorbate in a pore of radius r, > r, ) can be represented as follows:

lr, = (r, =)’ 1L(r,) = 7 (2r,t, —t,")L(r,) (20.5)

where t5 is the thickness of multilayer for the step n. The total multilayer adsorption in all pores or radii from
7, to « can be calculated by integration of (20.5) and the result can be rewritten by using (20.2) and (20.3)

as follows.

v, = [z@r, —t,)L(r,)dr,

rp n

=1, [2m,L(r,))dr, -, [ L(r, )dr, (20.6)

=t,Al>r, 1- mt L[> r, 1

By differentiating (20.6) with respect to ¢, equation (20.7) can be obtained and the volume change on nth
desorption step, AVm , can be calculated from the eauation.

av, =dt, A>r, |-72t,dt, L[>, ] (20.7)

Changing to A terms for finite steps:

AV, =At, A>r, 1-72t, At L[>, ] (20.8)
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Al> r, 1, L[> r, ] may be put in finite terms also, as the summations of length and area of pores

involved in previous steps:

AV, =AMt > A, —-726,At, > L, (20.9)
From equation (19.4) and (19.8), equation (19.10) can be obtained.
AV, =AV, - At,> A, +72t,At, > L, (20.10)

By using equation (19.10), the change of pore volume AVP can be calculated from AV, .

AV, =[r, (1, + A AV,

R AV (20.11)
n2Ve

where

R, =[r, [(r, + AD)J’ (20.12)
Thus equation (19.10) can be rewritten as follows:

AV, =R (AV, —At,> A, +72t,At, > L) (20.13)
The increasing surface area of pores when desorption occures, 4, can be obtained by next equation.

A, =2AV,/r, (20.14)
And Lp , the length of the pores can be represented as follows:

L,=A,/27r, (20.15)

These two terms are summed line by line pore size distribution can be obtained by using equation (20.13).

«Reference»

e D. Dollimore and G. R. Heal, J. Applied Chem. 14, 109 (1964); J. Colloid Interfasce Sci. 33, 508 (1970).
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Analysis of measured data
20-2. Operation |l

1. Select “DH plot” on the “Analysis (A)” menu and the screen will show the following DH plot windows. The

program will execute a DH plot from adsorption or desorption data of a nitrogen adsorption isotherm.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will
appear. Change the settings as needed. For details about items not described here, see section 7-1. “Analysis
parameters,” on page 37.

| Pore dameter range of the user setting 1]
I -~ ]
i] - iii

il

I}

- . [}
[ [}
i il
. - il
— Fif g i T &, fmm il

) 020 i

= Ads wes |I

il o202 a1.544 182,000 il
il 0.987 80.518 161.036 [l
IH 5385 §5.534 137.558 = IH
il Il
| N ereeprowrsreresren e — Il
||| [ 28T 35 TN 0eTaUR Vaue | LR | LARCEL | | — |||

1) Select a standard t-curve.
- Select a standard isotherm that has similar chemical characteristics as the sample surface.
- Click on the [Alter] button and the following selection window will appear. Select a standard t-curve data file
and click on the [Open] button.

Open - =)

(L) [ = Desitop » 090206 » T-DATA .‘:,]'hsse

Name. Date modified  Type Size

B Docwmerts 1) Al

B Deskiop

% Recent Places

| Carbon.t
| FHH.

| Harkins-Jura.t
M Computer

B Pictures
B Music
[ Recently Changed
B searches
Public

| silicat |

Folders -~

File name: | Silical +| [Sanderdtouvedataly v
Qoen_[v

2) Select which data will be used for calculations, the adsorption side or desorption side.

- Most mesopore samples have a distribution of pore sizes. In these samples, it is assumed that pore size
distribution can be obtained from the adsorption process, and the distribution of the bottle neck can be obtained
from the desorption process.

3) Select a method for interpolating the file data.
- You can select Linear, Spline or Bezier.
- In an adsorption/disorption isotherm, if you want to execute an interpolation using the same interpolation
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method, you can check whether the interpolation method i

s appropriate.

4) If “Pore diameter range of the user setting” is not selected, the program will calculate using the default range.
When “Pore diameter range of the user setting” is selected, the program will calculate the pore diameter range

specified in the table below.

5) If “User definition” is not selected, the program will calculate the plots with the relative pressure data below.
When “User definition” is selected, the program will start calculating based on the default settings of relative

pressure.
6) Relative pressure settings.

- When the “User definition” is selected, this table can be edited.
- Click on the [Apply] button and the selected cell (yellow ) data will be overwritten by the value displayed in the

box.

- Click on the [Add] button and the data displayed in the box will be added.
- The modified and added data are automatically sorted in order from top to bottom.
- Click on the [Delete] button and the selected data will be deleted.

3. The figure on the right is a DH-plot (differential curve) of
a nitrogen adsorption measurement on mesoporous

silica. “silica-BEL.t" is used as a standard isotherm.

»+ BELMaster - [DH-Plot SAMPLED3.DAT]

= B}

4. When you want to smooth the data, select “Smoothing settings” on
the “Settings” menu. The “Smoothing settings” window shown on the

right will appear.

5. The figure on the right shows the result of clicking the

[Average Spline Execute] button to perform one round
of smoothing. From the figure, it can be seen that this
silica sample has mesopores of 2 to 15 nm radius, and
has a distribution peak at 8.0 nm. The integrated pore
volume (¥},) will be 1.07 cm3 g! and the integrated pore
area (4,) is 340 m? g.
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B Fe(E)  Analss(a)

6. Select the desorption process for this silica sample in

1 BEWMaster - [DH-Plot SAMPLED3 OAT,

=] E

Setting(S)  Window(W)  Help(H)

-8 x

= Adsorption / desarpti
SAMPLEO3.DAT

SAMPLEOZ.DAT

the “DH-plot setting” window.  The figure on the right
shows the result of clicking the [Average Spline
Execute] button to perform one round of smoothing.
From the figure, it can be seen that this silica sample
has mesopores of 3 to 9 nm radius, and has a
distribution peak at 5.3 nm.

DH-Plot
0.36
0.24 ﬁ
&
=
o~
<
0.12
0
1 10

@@ SAMPLE03.DAT(DES)

v, [m3 g1] 1.0883
T pesAre3) [nm] - 5.29
a, m2g-1] 382.29

7. The Y axis units in a DH plot can be set to “dV,y/dr,", “dVy/dlog r,” or [ Y-ais display seting: S o= e |
“SV,” on “Y axis display settings” in the “Setting (S)” menu. The Yo% Sty setthos
Automatic
integrated graphs (integral curve) are shown from a larger pore size. V) Max.vae  0.3600 Display logarkhmic scale
« » . . . . V] M. vaue 0.0000 v! Display grid ine
- “dVy/drp ---is the area distribution. e R =——
- “dVp/dlog r,”  --- is the volume distribution. unt Specfy notation.
o dv_/dr
Distribution of larger diameter are bolded. de dl:gr -
- --- is an integral curve. wp ?
P Number of decimals
1 5
Set as the defauk vake ok [ cance
7 BELMaster- [DH-Plot SAMPLEOZDAT] ) —— =] B s
8. The figure on the right is a DH plot (integral curve) of ey ) ) =
» . . M55 0T DH-Pot ©@ SAMPLED3.DAT(ADS)
the silica described before calculated from adsorption 5 ’
branch of its isotherm.
1 i 8
Ten
- 7
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Chapter 21: INNES plot

21-1. Description

To calculate pore distribution for mesopores (pore width: 2 to 50 nm) by using nitrogen adsorption isotherms, you
must select the pore shape. At first, generally classify the shape of mesopores into slit shape and other shapes (such
as cylindrical, ink bottle-shaped).

For analysis of slit-shaped mesopores, capillary condensation will not occur in adsorption branches of adsorption
isotherms.  When t-plotting is executed for an adsorption branch, a straight line passing through the origin is
obtained in a range of t =0 to 1.0 nm.

adsorption process

no capillary condensation

dx

7

desorption process

dx I 7 ‘— dX-;l]_ PP FETD

On the other hand, for analysis of mesopores of other than slit shape (cylindrical mesopores, ink-bottle
mesopores, etc.), capillary condensation occurs in adsorption branches of adsorption isotherms.

When t-plotting is executed for an adsorption branch, a straight line passing through the origin is obtained in a range
of t=01to 0.5 nm. However, upper deviation attributable to capillary condensation is observed in a range of t = 0.5
nm or more. Therefore, t-plotting is effective in differentiation of mesopore shapes.

When the width of slit-shaped mesopores is indicated as “dx”, and the thickness of adsorption layer is indicated as
“t’, the meniscus generated in slit-shaped mesopores is hemicylindrical shape. Kelvin equation for hemicylindrical
meniscus is given as (1):

ﬁ_ZyVL 1

"o, )T RT (dx-2

Now, we will compare the Kelvin equation for slit-shaped mesopores with that for cylindrical mesopores. Shape of
meniscus generated in cylindrical mesopores is hemispherical. Kelvin equation for hemispherical meniscus is given
as (2):

(21-1)

In P =_2V_VLL (21-2)

Dy RT 1y

In comparison between equations (21-1) and (21-2), we can see that rk (Kelvin radius) for cylindrical mesopores
corresponds to (dx - 2t) in the equation for slit-shaped mesopores.

Before calculation of mesopore distribution, substitute the following values into equation (21-1).
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Substitute y =8.85x 103 N m™, VL = 3471 cm®mol', T=77.35 Kand R = 8.3145 J mol' K" into equation
(21-1). Then, equation (21-3) is obtained.

(dx-2t)= __ 0415 nm (21-3)
log,, (p/p,)
Regarding the slit-shaped mesopore as a parallel plate mode, the following equation is established.
X =V+At (21-4)

X = Amount (cm®g™") of nitrogen (adsorptive) adsorbed in liquid state
V =Volume (cm3g™") of nitrogen in liquid state when slit-shaped mesopore is fully filled
A = Surface area (m?g™") of slip-shaped mesopore when the pore is not fully filled

In consideration of the change in amount of adsorption (X) and mesopore volume (V), the amount of change can be
expressed with the following equation, by using an average value (Aave) of surface area (A) and an average value (tave)
of adsorptive thickness (t).

+1t (21-5)

(i)ave

AX ) = AV + 4, A Ad,
AV can be expressed with the following equation, by using an average value (dave) of the slit diameter.

—d; AA;
A (i):—”m d (21-6)

Substitute equation (21-6) into equation (21-5). Then, the following equation is established.

AX ;= AV, + 4

@ T A0 e (21-7)

Aty —h0me 5,
t = ave )
(@) d (@)

(@) ave

Transform equation (7) to make equation (8).

d,
AV, = y <_>_2t (AX, -4, At) (21-8)

() ave (i) ave
It is considered that the adsorptive is saturated in slit-shaped mesopores around high relative pressure. Therefore,
equations V(o) = X(0) and A = 0, and the equation (21-9) are established. Thus, AV can be obtained in each step:

Agyave = A, + A4, (21-9)
From the above equation, AA can be approximately expressed with the equation below.
AX.. AV
A, =—"2 @D (21-10)
Ad(i)ave A‘)((i—l)

Create a pore distribution curve by using “dx” obtained with equation (21-3), and “AV” obtained with equation (21-8).
«Reference»

* F. Rouquerol, J. Rouquerol & K. Sing “Adsorption by powders & porous solids (Academic Press, 1999)”, 440
« W.B. INNES “Analytical Chemistry”, 29, 1069 (1957).
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Analysis of measured data

21-2. Operation

1. Select “INNES method” on the “Analysis (A)” menu and the screen will show the followimg INNES-plot windows.

The program will execute a INNES plot from adsorption or desorption of a nitrogen adsorption isotherm.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will appear.
Change the settings as needed. For details about items not described here, see section 7-1 “Analysis parameters”

on page 37.

t interpoktion

Fore dismetar mnge of the user seting

Standard t curve data
C:Wsers user 1Deskiop 09060 1TT-Dats\Alumna | ARRRr |

Dinis cnlntine 2 im dr fnm
I\ 03t setecto
@ ads Des == /A\
[ 0989 181283
II ssw  istasi
i 0965 137084
[
[T . - o il
II [ set a5 the detouk value [ ok || canca T —~—

INNES plot

1) Select a standard t-curve.
- Select a standard isotherm that has similar chemical characteristics as the sample surface.
- Click on the [Alter] button and the following selection window will appear.
click on the [Open] button.

Select a standard t-curve data file and

C

1 Open —

Q\J [0 « Desktop » 030206 » T-DATA

e B NS Foler

i Documents
B Desktop
%] Recent Places
M Computer
B Pictures

B Music

B Searches

Public

Folders

hame Date modified
|| Alumina:t

| Carbonit

[IFHH:

|| Harkins-Jura:t

[ Siticat

& Recently Changed

~

File pame:  Siical

v [Stendaddteuvedata (1) v
Gpon [

2) Select which data will be used for calculations, the adsorption side or desorption side.
- To calculate pore distribution for slit-shaped mesopores, use desorption isotherm. For pore distribution
calculation, do not use adsorption isotherm, because capillary condensation is not observed in adsorption

isotherm.

3) Select a method for interpolating the file data.

- You can select Linear, Spline or Bezier.

- In an adsorption/disorption isotherm, if you want to execute an interpolation using the same interpolation
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method, you can check whether the interpolation method is appropriate.

4) If “Pore diameter range of the user setting” is not selected, the program will calculate using the default range.
When “Pore diameter range of the user setting” is selected, the program will calculate the pore diameter range
specified in the table below.

5) If “User definition” is not selected, the program will calculate the plots with the relative pressure data below.
When “User definition” is selected, the program will start calculating based on the default settings of relative
pressure.

6) Relative pressure settings.

- When the “User definition” is selected, this table can be edited.

- Click on the [Apply] button and the selected cell (yellow ) data will be overwritten by the value displayed in the
box.

- Click on the [Add] button and the data displayed in the box will be added.

- The modified and added data are automatically sorted in order from top to bottom.

- Click on the [Delete] button and the selected data will be deleted.

3.The figure on the right shows an INNES-plot curve = e e

(differential  curve) obtained with measurement :
(desorption process) of nitrogen adsorption into a clay
mineral with slit-shaped pores.  “alumina-BEL.t" is |
specified as a standard isotherm. )
4. When you want to smooth the data, select “Smoothing settings” [\ -/ smoothing settings _ (=00

on the “Settings” menu. The “Smoothing settings” shown on the
9 Active Data

Start Point 11 £ End Point 30 £

right will appear.

Processing Mark 1 % Point

Average Spine Execute | | RETURN || CANCEL

5. Select the desorption process for this clay mineral sample T —" . o

in the “INNES-plot setting” window.  The figure on the .

right shows the result of clicking the [Average Spline

Execute] button to perform one round of smoothing.

From the figure, it can be seen that this silica sample has

mesopores of 2 to 15 nm radius, and has a distribution 5

peak at 2.5 nm. The integrated pore volume (V,) is

0.118 cm?® g', and the integrated pore area (Ap) is 33.2

m2 g™
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Analysis of measured data

6. The Y axis units in an INNES plot can be set to “dV,/dr,", “dVy/dlog rp”

Y-axis display settings
or “XV, ” on “Y axis display settings” in the “Setting (S)” menu. The Automatic
. . V] Max. value 3.0000€E-02
integrated graphs (integral curve) are shown from a larger pore ——— o
size. [¥) Scale resolution 1.0000E-02
- “dVyp/dry" -—-is the area distribution. U:‘ 4V /ddx
»
- “dVy/dlog ry” --- is the volume distribution. dv, / dlogdx
Distribution of larger diameter are bolded. - 2";
-2 --- is an integral curve
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Chapter 22: DA plot

C

22-1. Description |l

In 1960, Dubinin and Radushkevich introduced DA equation that they derived from adsorption potential
theory of Polanyi. Polanyi hypothesized that pressure of adsorptive when it is adsorbed is equal to the
saturated vapor pressure po of its gas. Expressing pressure of adsorptive(adsorption molecule that is not

adsorbed) as p, work of transferirng 1 mol of gas from gas phase to adsorption layer ¢ can be expressed as

the following.
g=RT1In(p,/ p) (22.1)
Polanyi defined ¢ as adsorption potential. ¢ can be replaced by Gibbs free energy change -4G at
adsorption.
e=-AG (22.2)

Dubinin thought that adsorption into pores progresses by volume filling but not building up adsorption layer

one by one. Then he defines the filling factor 6 by the following equation.

o=Vv/ v, (22.3)

V» indicates whole micropore volume,  means pore volume at relative pressure p/po. 8is also the

function of relative pressure thus the function of ¢ from (22.1).
0=f(s/p) (22.4)

B is a specific constant number for adsorbate and is called affinity coefficient. With a hypothesis that pore

makes Gaussian distribution, the following equation is obtained.
2
&
0 =exp| — k(;} (22.5)

k is a constant number that depends on pore structure. The following equation is obtained from (22.3),
(22.4) and (22.5).

V=, exp{—%{RTln(po /p)}2:| (22.6)
or,

2
V T
= exp _B[Ej logZ(p,/ p) (22.7)

p

where b is a constant represented by equation (22.8).

B=2303R*/k (22.8)
(22.7) can be coverted to
log,, V' =log,, V,- Cloglzo (py/ P) (22.9)
where
T 2
C = B(_j (22.10)
B

(22.6), (22.7) and (22.9) are called DR equation. If you convert adsorption amount to 7" using adsorbate
density at its liquid condition, and then plot log, } against loglzo(po / p) (DR-plot), you wil get a linear

curve with the intercept log,, Vp and the slope C. V), is whole micropore volume.

In 1971, Dubinin and Astakov extended the concept of DR equation and made it more common form.
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The derived equation is called DA equation expressed as follows.

0 = exp —(Ej In"(p,/ p) (22.11)
g

or,

log, V' =log,V, - C'log,(p,/ p) (22.12)
where C’ can be given by equation (22.13).

(RTY
C'=2.303" (—j (22.13)
&

In the same manner as DR-plot, ¥, is calculated from the linear slope value that is obtained by plotting
log,, V' against log' (p,/ p)- n»is a small integral number (normally 1~3). Kawazoe et al. categorized

adsorbate molecule diameters expressing adsorbate molecule diameter as d and pore size as D like the

following table. Applying m=2 to DA equation, it becomes DR equation.

Adsorption site Ratio n
Surface D/d>5 1
Micropore 5>D/d>3 2
Ultramicropore 3>D/d 3

DA method is often used for calculation of pore volume. If plots make linear curve, it means it matches
the theory. Depending on the index number n the plot becomes convex or concave curve. Index number
that makes best linearity should be selected. There is a method that select positive number so that linearity
becomes good since there is an idea that Index number n of DA method does not have to be limited to

integral number in theory.
«Reference»

¢  “Theory of Volume Filling for Vapor Adsorption”, B. P. Bering, M. M. Dubinin, and V. V. Serpinsky, J. Colloid
Interface Sci., 21, 378 (1966).
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22-2. Operation

1. On the “Analysis (A)” menu, select “DA plot” and the screen will show the following DA plot windows.

The program will execute a DA plot from the adsrotption data of an isotherm.

2. If no adsorbate molecular weight has been entered, the window shown on the

right will appear. Click on the [OK] button and the analysis parameter

window will open. Enter an adsorbate molecular weight (— 6.).

3. Aregression line is drawn between the 1st point and the last point.

Information lth

h Adsorptive molecular weight isn't set up.
W' Please check parameters,
~ DA method SAMPLE40.DAT

ok |

2

If the “Index number” is not appropriate, the

linearity will decrease. Open the “Analysis parameter” window by selecting “Settings” and then the “Analysis

parameters” menu. Then, enter an appropriate “Index number”.

4. Select the starting and end points of a straight line. The
program will calculate pore volume (V,/cm® g') and
adsorption potential (Eo/kd mol')using the slope and
intercept of this straight line. The ma of y axsis (log (ma))
as shown right figure is specific mass adsorbed on 1 g
adsorbent.

Vulcm® g' expressed as follows.

m
Vo=

P
y 1

Pa

where pa is anadsorbate density, i is the slope of straight

line.

1+ BELMaster - [DA-Plot SAMPLEGLDAT]

= B}
L]

Analysis(3)  Setting(S)

Window(W)  Help(H)

x

ion | desorpti

=4 DA method
+. SAMPLE61.DAT

log(im, )

©® SAMPLE61.DAT(ADS)

DA-Plot

0.0E+00

-1.0E+00
Starting point |1 < End point 26
Slope ~7.9996E-02
Intercept -8.0285E-01

2.084+00 Correlation coefficient  -0.9995E-01
v, [m?g?] 0.1457
£, [k mal] 12.310
Index number 2.2000

-3.0E+00

0 15 30
{log(p, /p)}"

5. The figure on the right shows a DA-plot of carbon dioxide adsorption isotherm for microporous activated carbon.

After entering an “index number” of 2.2, good linearity was obtained. The pore volume 0.146 cm® g-' and

adsorption potential 12.3 kJ mol" were obtained from the slope and intercept.

6. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will appear.
Change the settings as needed. For details about items not described, see “7-1. Analysis parameters” on page 37.

! Analysis parameters [SAMPLEGL.DAT]

E=SEE)

Analysis Initial Value
[] Interpolate curve

Data setiing

. Adsorptive CO2
Enter a molecular weight of ML WEtHE

the adsorptive. s

[1
Enter an index number (real number 0 to 10)
Index number  2.2000

Pressure Unit

| Set as the default value |

@ kPa
™ Torr
MEAS.
TEMP. [K] 298
Densty  2_ [g cm3]
1.081 Enter an adsorbate density (g cm™).
[ ok [ cance
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Chapter 23: HK plot

23-1. Description I

There are a number of analysis methods suggested for drawing pore size distribution curve from
adsorption isotherm, and most of them include a process to seek the relationship between pressure and pore
size. For example, in BJH method, ClI method and DH method, a relative pressure and filled pore size at the
relative pressure are calculated by Kelvin equation. HK method introduced by Horvath and Kawazoe in
1983 calculates these values from average potential inside pores.

Suppose the distance between molecules is r, repulsive force occurs when the distance ris substantially

short and attracting force occurs when it is a proper distance, and it can be ignored when the distance is large.

The following equation is called Lennard-Jones potential, which regards potential energy U as a function of .

u=C,r"-C,r (23.1)

/ Cn» and C, are constant numbers, and the first term of the right side of

the equation indicates repulsive force and the second term indicates

r attracting force. The distance between one side of the pore surface
// and the other side is expressed by / as shown in the left diagram.

The potential ¢ that the molecule at distance r away from the surface
receives can be expressed as follows using 10:4 potential (m=10, n=4).

%

! |
d’2 l-d/2

NA+NA| (o) (Y (oY (o)
PRSELELREAPEC Y B A [ O L (23.2)
20 r r [—r [—7r

Ny indicates the number of atom per adsorbent unit surface area, and N. indicates the number of
molecule per unit surface area of adsorbate (already adsorbed). 4s and 4., are constant numbers that are
determined by combination of adsorptive and adsorbent. Therefore, when the slit-shaped pore which has

the distance / between the surfaces is filled the average potential energy can be expressed as follows.

5 NA+NA
— S 5 a L/X
20 -
4 10 4 10 (233)
(2] (@) (-2 +f-2)
a r r [—r [—r

On the other hand, from the thermodynamic point of view, energy required for 1 mol gas adsorption is as
follows.

g=RTIn(p,/p) (23.4)

L=Avogadro constant, from equation (23.3) and (23.4),
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NA+NA,
204(1-d)

) () ) )

After integration, the following equation, which shows the relation between / and p, can be derived.

RTln(p/pO) = LMX

RTIn(p/ p,)=L

(23.5)

o'(l-d)
O_4 O_10 O_4 0_10 (23.6)
- - +
|:3(l—d/2)3 9-d/2) 3(d/2) 9(d/2)°}

HK method was invented in order to calculate pore size distribution of active carbon from nitrogen

adsorption isotherm.  Entering physicality values, it comes out as follows.

62.38
In(p/ =——X
(PIP) =064

1.895x10™  2.7087x107’
(1-032)°  (1-0.32)’

(23.7)

—0.05014}

In BELSORP analysis software, pore size is determined at first, and then corresponding relative pressure
is calculated. Then, adsorption amount at the relative pressure is worked out from linear interpolation of
adsorption data, and integral curve can be obtained by plotting the adsorption amount against pore size.
Pore size distribution curve can be drawn by differentiating integral curve.

As mentioned above, pore size distribution of active carbon is obtained from nitrogen adsorption
isotherm, but in case of zeolite, this theory cannot be formed because interaction between cation inside pores
and quadrupole momentum of nitrogen molecule is too strong. Emig et al. introduced coefficient for pore
size distribution analysis of zeolite using argon adsorption isotherm, and it became common for zeolite
analysis.

HK method is not suitable for analysis of pores that can cause capillary condensation because this
method is based on adsorption potential theory. It is recommended to use low pressure range (relative

pressure range below 0.05) for analysis.

«Reference»
“Method for the Caluculation of Effective Pore Size Distribution in Molecular Sieve Carbon”, Géza Horvath and

Kunitaro Kawazoe, J.Chem.Eng.Japan, 16, 470 (1983).

Table1 Physical Parameters for Micropore Size Calculation (ISO 15901-3)

Adsorbent .
Adsorptive parameters
Physical quantity parameters

Carbon Zeolite Nitrogen Argon Carbon dioxide

Diameter (nm) 0.34 0.28 0.30 0.34 0.40"

L y : B 1.63 x :
Polarizability a. (cm?) 1.02x10% 250x102%* 1.46x10% 1024 2.91x10%2

Magnetic susceptibilit
g COPIOIY X 135x1020 130x10%° 200x102 29X 3.49 x 10292)
(cm?) 1020

Density 'jng‘)‘°'e°“'es 384x10"° 1.31x10® 6.70x10'8 8%%218’( 4.63x 10189

1) K. Kutics, G. Horvath, Determination of Pore size distribution in MSC from Carbon-dioxide Adsorpton Isoterms, 86.
2) HANDBOOK OF CHEMISTRY AND PHSICS, 69th Edition, CRCPress, Inc.
3) Sicence of adsorption 2nd edition, Seiichi KONDOU, Tatuo ISHIKAWA, Ikuo ABE, Maruzen Co., LTD.
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Operation I

1. Select “HK plot” on the “Analysis (A)” menu and the screen will show the following HK plot window.

The program will execute a HK plot from adsorption data of an isotherm.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will

appear.

Change the settings as needed.

Parameters saved as “Ar-O(87K) HKS,” “C0O2-C(298K).HKS,”

“N2-C(77K).HKS” cannot be changed. Change the name of the file displayed and then you can change the

settings.

Click on the [OK] button.

The file will be stored as a new settings file.

described here, see section 7-1. “Analysis parameters,” on page 37.

For details about items not

[ +' Analysis parameters [SAMPLEOL.DAT] EERTSCTR
Analysis Initial Value
[T Interpolate curve Pressure Unit
@ kPa
7 Torr
Data setting
Adsorptive N2 M. 77
i Useii Enter a molecular weight and a
Selectable an interpolation method Heldcube weldht Redsty P feandl ||| ] density for the adsorbgte
to use for interpolating the analysis 28.010 0.808 \ :
data. 7
==~  Data interpolation method
If the parameters are already @ Lne ) splne <) Bezier
stored, select them from here. 5
— Analysis parameter -
T B X
|coz- = T
r-0{Ze0)87K
_— Enter parameters such as the
- 3 . .
— 4, [l 0.3360 X, lem*] 32500829 molecular size and magnetic
The currently selected parameter d_[mm] 02760 X_[m*] 13000620 < susceptibility. For details
filename is displayed. ¥, 7 gsy0e+ie @, [m] 16300824 about each parameter, see the U
N 7 13100419 %, [m®] 2.5000624 table _be]ow or the respective
description.
Set as the default value | | oK || CAMNCEL
Parameter Unit
da Adsorbate molecular diameter nm
ds Adsorbent atom diameter nm
Number of adsorbate molecules adsorbed per unit 2
Na molecules m
surface area
Ns Number of adsorbent atoms per unit surface area molecules m2
Xa Magnetic susceptibility of the adsorbate molecular cm?
Xs Magnetic susceptibility of the adsorbent atom cm?
Oa Polarizability of the adsorbate molecules cm?
Ois Polarizability of the adsorbent atoms cm?
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. . » BELMaster - [HK-Plot SAMPLEB2.DAT] =5
3. The program will execute an HK plot using the B Ao mohs(e) SetonalS) Windowl) Heb(t) Cex
= Adsorption / desorpti o (aDs)
specified conditions and will display the HK plot Hk-Plot o
. SAMPLEB2.DAT 3
results. The figure on the right is an HK-plot
measuring nitrogen adsorption by microporous
activated carbon. It can be seen that this activated ! 2
carbon has a large number of micropores 0.4 to 0.7 ¥
. . . . . I a O, e (N1 056
nm in width (d») and a distribution peak of 0.56 nm. N -
1
0
I [ 1 2
| d, /am
— ;
| |
. . 1/ BELMaster - [t-Plot SAMPLES2.DAT] PR =l
. From the t plot of activated carbon shown on the right, |/ ", © 5 o i e i—
the 1st straight line cannot be obtained and therefore |~ “snaioi” t-Plet o8 SRR
. . . o 360
the pore width cannot be given. This means that HK || .70
SAMPLES2.DAT
method is effective for activated carbon with pores 0.7 -
nm or less in width. B s
‘20
3
”\g Starting point 0o End point i E
2 slope 887.50
o 6 Intercept 0.0000
2, [m2g] 1367.6
v, [em? g1] 0.0000
Statingpoint 32 | Endpont [B3 &
0 Slope 0.9981
0 0.5 1 1.5 Intercept 273.05
f /nm 2,[m2g7] 15381
L ’ v, [am? g1] 04234
|
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Chapter 24: SF plot

24-1. Description

As mentioned in Chapter 23 HK method analysis, for carbonaceous slit-shaped microporous materials
such as active carbon, Horvath and Kawazoe made it possible to calculate micropore distribution by deriving
the equation (23.7) of Chapter 23 from Hill's view") of the average potential of N2 molecule in micorpore.

Saito and Foley applied this idea of average potential to cylinder-shaped micropore using Everett and
Powl’s view of potential?, and succeeded to calculate micropore distribution of zeolite, AIPO4 and etc®4).
There are 2 different ideas for taking the potential inside o Ip >
cylinder-shaped micropore. One is line average model and the
other is area average model. In line average model, molecules <>
have only one degree of freedom, which is along the diameter of ‘
micropore. On the other hand in area average model, the
molecules have two degree of freedom to move across the
micorpore. It is proved from some actual analysis that area
average model corresponds to crystallographic view. BEL Japan
analysis software also uses area average model.

&
If the above mentioned “area average model” is used, the
following formula is derived, which is corresponding to the . . X
formula (23.6) of Chapter 23. ISODwad
ln(P/PO)ziﬂL (NSAS +NaAa)X \ "‘.‘.*.”’.,g" %
ART  o° Seee0s h
{ 2k ’1 10 4
> (o (o (o
Sl 1-2] 12| 2] a2
il k+1 r, 32 r, r,
N\
(24.1)
ax andpk are indicated I function and calculated from the following formulas.
os_ T(-45)
Y T(-45-k)(k+1)
05 _ ['(-1.5)

CUT(=15-K)(k+1)

Please refer to HK method analysis (Chapter 22) for Ns, 4s, N. and 4. that are used in the formulas.
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In case of zeolite or AIPO4, surface atoms are considered to be oxygen atoms. In case of N2 adsorption in
this type of system, it is difficult to make accurate adsorption isotherms because quadrupole momentum of N2
molecule and solid surface atom cause specific interaction. Therefore, in case of oxide microporous
material, Ar, which is mono-atomic molecule, is generally used as the adsorption molecule. Ar has boiling
point of 87 K and the molecular size of 0.336 nm (molecular diameter), and it can be handled almost in the
same manner as for N2. Therefore, the parameters necessary for the calculation of N, 4s, N. and 4. of (24.1)
are as indicated in the table below.

Table 2 Physical Parameters for Micropore Size Calculation (ISO 15901-3)

Physical quantity Adsorbent Oxide lon Adsorbate
Argon
Diameter (nm) 0.28 0.34
Polarizability a. (cm?) 2.50 x 104 1.63 x 1024
. I a) 1.30 x 102°
Magnetic susceptibility x (cm?) b))1.§())( 10_(2)9 1) 3.25x102°
Density N (molecules cm) 1.31 x10'° 8.52x 108

1) A. Saito, H. C. Foley, Microporous Materials, 3 (1995) 531.

The following equation is derived from the calculation of each parameter of (24.1) based on Table 1.

2k 10 4
In pa _ 1 1_0.306 y gak 0.306 B, 0.306 24.2)
Do | k+1 r, 32 r, r,
where

—45-kY
a, = T o=

~1.5-kY
ﬁk —(Tj :Bk—l

£*, magnetic susceptibility value of oxygen, varies according to the choice between a) and b). Itis 36.47
when a) is used, and 44.53 when b) is used. In practice, a) is used for ZSM-5 or Y type zeolite, and b) is
used for AIPO4.

and

In micropore calculation, pore size is determined first, then relative pressure respect to the pore size is
calculated using the equation (24.2). Integral curve can be obtained by calculating the adsorption amount
against relative pressure that is obtained from (24.2) by interpolation equation using the adsorption data of
the adsorption isotherm, and then plotting adsorption amount versus pore size. Pore size distribution curve
can be obtained by differentiating this integral curve.

«Reference»
1) T.L.Hill ,J.Chem.Phys., 17, 590 (1949).
2) D.H.Everett, J.C.Powl, J.Chem.Soc., Faraday Trans. 1,72,619 (1976).
3) A.Saito, H.Foley, AIChE J., 37,429 (1991).
4) A.Saito, H.Foley Microporous Material, 3, 531 (1995).
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24-2. Operaion I

1. On the “Analysis (A)” menu, select “SF plot” and the screen will show the following SF plot windows.
The program will execute an SF plot from adsorption data of an isotherm.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will
appear. Change the settings as needed. Parameters saved as “Ar-O(87K) SFS” and “Ar-O(Zeo)87K.SFS”
cannot be changed. Change the name of the file being displayed and then you can change the settings. Click
on the [OK] button.  The file will be saved as a new settings file. For details about items not described here,
see section 7-1. “Analysis parameters,” on page 37.

[ " Analysis parameters [SAMPLES0.DAT] SRS
Analysis Inital Value
[] Interpolate curve Pressure Lnit
@ kPa
&) Torr
Dita Satting Enter the molecular weight
: : Adeorotve: A ﬁgﬂg: a and density of the adsorbate.
Selectable an mterpolatlon _ Ml Wi pensty 2, (gem?] /\A
methoq to use for interpolating 30.048 0,147
analysis data.
Add to adsorptive list
I Data interpolation method -
. <]
@ Lingar ") Spline ! Bezier 2
If the parameters are already w
stored, select them from here. ) (7]
I\\\Anaryss parameter
5 Enter parameters such as the
Th ter fil ty 7 Arow@eol i i
€ parameter lilename currently _ molecular size and magnetic \__J
selected is displayed. 4, [mm] 03360 X [em?] 3.2500E-29 susceptibility. For details about
d_[m] 02760 X_ [em] 1.3000E-29 each parameter, see the table
¥, m7 g5200e+18 %, [m?] 16300624 below or the respective
N_m2] 1.3100e+19 %, [m3] 2.5000-24 description.
Set as the default value | [ oK J| CAMNCEL |
Unit
da Adsorbate molecular diameter nm
ds Adsorbent atom diameter nm
Number of adsorbate molecules adsorbed per unit 2
Na molecules m
surface area
Ns Number of adsorbent atoms per unit surface area molecules m
Xa Magnetic susceptibility of the adsorbate molecules cm?
X Magnetic susceptibility of the adsorbent atoms cm?
Ola Polarizability of the adsorbate molecules cm?
Ois Polarizability of the adsorbent atoms cm?
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Analysis of measured data

3. The program will execute an SF plot using the
specified conditions and will display the SF plot
results. The figure on the right is an SF-plot of an
argon isotherm for microporous zeolite. It can be
seen that this zeolite has a large number of
micropores 0.5 to 0.9 nm in width (d,), and a
distribution peak at 0.74 nm.

1+ BELMaster - [SF-Plot SAMPLEBO.DAT]

=i

P Fle(E) Anabss(A) Settng(S) Window(W) Help(H)

x

- Adsorption / desorpti
SAMPLES0.DAT

S

- SAMPLEBD.DAT

SF-Plot

]

K?
-

d, /nm

.5

©®@ SAMPLESD.DAT(ADS)

9 peat (0] 0.74

122




Chapter 25: Isosteric heat of adsorption

25-1. Description

Adsorption involves heat generation. It is important to measure this heat quantity for studying surface
area characteristics.

When gas adsorption happens under constant temperature, heat of dQ is created. quy which is
expressed by the following equation is called differential heat of adsorption.

dQ
a4y = a

a

(25.1)

Heat quantity produced at adsorption is so small, and it is difficult to measure. Therefore, isosteric heat
of adsorption is calculated with the following theory.

The following relation comes in effect at adsorption equilibrium.
G,=G, (25.2)

G indicates free energy of Gibbs, and a and g indicate adsorbate (adsorption molecules that are adsorbed)
and adsorptive (adsorption molecules in gaseous phase) respectively. Suppose there is no change in adsorption
amount n. and only adsorption temperature changes. Change of free energy can be expressed as the following:

dG, =-8,dT +V,dP (25.3)
dG, =-S,dT +V, dP (25.4)

naq is constant, thus

dG, =dG, (25.5)
The following equation can be derived from (25.2), (25.3) and (25.4)
oP S, -8,
— =— (25.6)
or ), V.-V,
Applying V,=RT/P (Vo»V.) from the state equation of ideal gas, the above equation becomes as follows.
OlnP
( T =(S, —S)RT =-AS .,/ RT (25.7)

a

Suppose S, — S.=AS.ss. At equilibrium state, enthalpy change caused by adsorption AH.qs has the following relation
with absolute temperature and entropy.

AH , =TAS , (25.8)

Following equation can be obtained from (25.6).

( a ln Pj AHads qst

= _lads _ Tst (25.9)
oT RT?  RT?
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-AH.as is differential enthalpies of adsorption gs:.

9 = Y9y +RT

The relation between ¢ and gai is as follows.

(25.10)

The process to calculate adsorption heat from Clausius-Clapeyron equation is as follows. At least 2 different

adsorption isotherms that were measured at different temperatures 71 and 7> are needed for the analysis. The

BEL Master software enables analysis with two or three adsorption isotherms. ¢y at an adsorption amount can be

calculated from the equation below with the difference between the 2 different pressures at the same adsorption

amount (Refer to the graph below) .

RTT,
=——=(lnp,—-1n
9 Tz_Tl( P, D)
|
T, T,
5o _ |
—~
[a W
o
99)]
~
S L i
ST YAy .
=~
o
<4» Pl I,2

(25.11)

Heat of adsorption is closer to heat of condensation where
adsorption amount is large. Heat of adsorption at low
adsorption amount is important for the surface characteristic
study. However, in the method that uses Clausius-Clapeyron
equation, the difference in pressures is so small at low
adsorption that error becomes large. Also, this equation can be
formed only for reversible reaction, thus it is impossible to
calculate heat of chemical adsorption etc.

25-2.
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Analysis of measured data

25-2. Operation I

1.

The program will execute an isosteric heat of adsorption
analysis from adsorption data of the isotherm. This analysis
reads two data files measured at different adsorption
temperatures. Select “Isosteric heat of adsorption” on the
“Analysis (A)” menu and read the first set of data. The

screen will display “Read the second data”.

isostanic haat of
SAMPLEAQ.DAT

Read the second data

On the BEL analysis program menu, or the menu displayed by clicking the mouse right button, select “Read

additional data” and then read the 2nd set of data.

Obtain the isosteric heat of adsorption from these two sets of
data. The figure on the right is the result of adsorption of

water vapor on non-porous silica.

Bl Isosteric heat of adsorption |
SAMPLEALDAT

© SAMPLES0.DAT(ADS)
Isosteric heat of adsorption - .
“© 00 SAMPLELDAT(ADS)

V, fem*(STP) g

To execute analysis with three isotherms, select [Read additional data] in the analysis software menu, or in the

sub window right-click menu, and read data on the third isotherm. Also, selecting [Analysis with three

adsorption isotherms] in [Analysis parameters] enables analysis with three isotherms.

= Analysis parameters [SAMPLE40.DAT] | | = (o]

Analysis Inital Valua

i~ BELMaster - [Isosteric heat of adsorption SAMPLE40.DAT]
¥ Fle() Analyss(A) Setting(S) Window(W) Help(H)

[E=8(EER B3

- 8 x

= Adsorption / desorption isot!

] Interpolate curve Pressure Unit | © sAMPLEA0.DAT
P = 2! 1sosteric heat of adsorption
@ ) @ kPa +- SAMPLE40.DAT
i SAMPLE41.DAT
2 Torr
Interpolation method
@ Spline @ Linear

"] Specify the ads amount range.
Ads amount
= | em? (sTP) gt

Mo. of partitions
30

|1 analyzes by three adsorption isotherms.
|”] SAMPLE40.DAT

[7] SAMPLE41.DAT

Read the third data

Setasthe defeuttvabie | [ ok | camcer |
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Analysis of measured data

4. Select “Analysis parameters” on the “Setting” menu and the “Analysis

parameters” window shown right will appear.

needed.

When “Specify the ads amount range” is selected, the program will
calculate the Isosteric heat of adsorption specified in the table below (“ads

amount” and “No.of partitions (5 < “No. of partitions < 500) ).

Change the settings as

Analysis Inital Value

@ spline

| [7] Interpolate curve

Interpolation method

Pressure Unit

@ kPa

@) Torr

) Linear

[¥] Specify the ads amount range.

[/ Analysis porameters SAMPLEAODAT. [ ESSEE =)

5. The figure on the right is the result of isosteric heat of adsorption [z

specified ads amount (3.7095-50.000 cm® (STP)g™") and No. of

partitions (100).

6. For analysis of isosterioc heat of adsorption, “Va/cm?® (STP) g or
“@” can be selected for the X-axis unit in [Setting] — [X-axis setting].

“Va/cm® (STP) g
“gr

Indicates adsorption volume.
Indicates surface coverage.

Enter monomolecular adsorption volume Vm/cm® (STP) g
Monomolecular adsorption volume can be obtained by BET

analysis.

7. The right graph shows a result of isosterioc heat of adsorption,
wherein surface coverage is plotted on the X-axis.
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Ads amount
3.7095 50.0000 em? {5TF) g
No. of partitions
100
Set as the default value oK CANCEL
| E=m=—
- (F) Analsis(A) Settng(S) Wndow(W) Help(H) -8 x
B isosteric heat of adsorpton _—
SAMPLEA1LDAT 5 ©O SAMPLEALDAT(ADS)
49 ‘
48 &
7 X
I 46
]
£
z 45 \‘
K %
43
42
41
40
3.7095 26.8547 50
V, lem*(STP) g
=
o+ x-axis display settings W |
X-axis display settings
Automatic -
[#] Max. value 159.3090 [T Display logarithmic scale
[¥] Min. value 3.7095 | [#] Display grid line
[¥] Scale resolution  77.8448
Unit [Tl Specify notation.
fora 3 -1 @
@ ¥V lem®(STP) g &
&8 2 he
Humber of decimals
frar s -1
v, /em’(STP) g I1 -
Set as the default value 0K CANCEL
] BELMaster - [Isosteric heat of adsorption SAMPLE40.DAT] (=) ® e
# Fle(F) Analyss(A) Setting(S) Window(W) Help(H) -8 x

©© SAMPLE41.DAT(ADS)
©© SAMPLE40.DAT(ADS)

V, [am3(sTP) g 1] 24315

- Adsorption / desorption isatf|
SAMPLE40.DAT Isosteric heat of adsorption
Isosteric heat of adsorption 60
SAMPLES1.DAT
SAMPLE0.DAT
gh‘
_ 40
3
2
&
20
0
0 0.5 1 i
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Chapter 26: Difference of adsorption isotherm

26-1. Description I

The diffirence between two isotherms can be obtained with this analysis.

of chemical adsorption amount.

This is a useful method for analysis

26-2. Operation I

1. The program will execute a difference of adsorption

isotherm analysis during adsorption. This analysis
reads two isotherms. Select “difference of adsorption
isotherm” on the “Analysis (A)” menu and then read the
first set of data. The screen will display “Read the

second data”.

2. On the BEL analysis program menu, or the menu
displayed by clicking the mouse right button, select
“Read additional data” and then read the 2nd set of

data.

3. Select “Analysis parameters” on the “Setting” menu and the

“Analysis parameters” window shown on the right will appear.

Change the settings as needed.

4. Obtain the difference of adsorption isotherm from
these two sets of data. The program obtains the
adsorption volume of the 2nd set of data by
interpolating it with the relative pressure from the 1st
set of data. The figure on the right is the result of
measuring ammonia adsorption (1st and 2nd
adsorption trials) by titanium oxide. The chemical
adsorption of ammonia by titanium oxide can be

calculated as 18.4 cm3(STP)g™.
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4 BELMaster (=)
Fle(F) Analss(A) Setting(s) Window(W) Help(H)
P
7 Difference of adsorption isotherms SAMPLESS.DAT {r=%EcR "<
Read the second data
~ Analysis parameters [SAMPLE6S.DAT] o= S

Analyss Intial Value

Interpolate curve Pressure Unit

o kPa
Torr

Interpolation method
9 Spine Linear

A setup of the cakulation method

1fatinot-2flatinot @ 2 flatinot - 1 flat knot

Set as the defauk value

e

ference of adzorption isotherms SAMPLEGS-SAMPLEGB(DIFF)]

B Fie(E) Am
= Adsarption /

EHDiffer orpi
SAMPLES 5-SAMP

Settng(s) Window(W) Help(H) 8 x

(] A A 66( )
Difference of adsorption isotherms @D SANBE SAMPLRRSIET)

iDifference of

0 0.15 0.3

p/pg
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Analysis of measured data

5. The data obtained from a “difference of adsorption isotherms” can be saved in

an “adsorption isotherm” file.
analysis methods like a Langmuir plot.

isotherm, select “File (F),” and then “Save as”.

6. The “Setup header” window shown on the right will
appear. Sample information items are displayed

for 1st set of data read. After entering information

concerning the difference of adsorption isotherm

data you want to save, click on the [OK] button.

The data can later be analyzed using other

= B_EI.Ngsle_r = {?ii_"_fe_l_'ence of adsorption isothe
li Fie(F) | Analysis(A) Setting(5) Wir
I Open(Q) y |
To save a difference of adsorption 4 —F sme=. I f
k Clase -
Report setting{R)
Qutput the Graph in a file
Print
[ ' Setup header @Iﬁ

Header data

EIEN
COMMENT

Date of measurement

TIO-1 (1st isotherm)

Time of measurement
01:59:38

7. Specify a location to save the file and enter a

filename in the “Save As” window.

E‘ Documents
=

E
EJ Music
&
B

COMMENT )

Pretreatrment at RT for 11h in vacuo.

COMMENT

Sample weight : 0.8021 g (factor : 0.9718)

COMMENT

Sample weight Equilibriurm

0.8021 120

Adsorbate name Apparatus temperature

MH3 30

Adsorption Saturated

273 3194

Adsorption cross

0.14

ok || camcer |

Save As - - — ﬂ

Date modif...

Desktop

Recent Places 7

™ Computer

Pictures

Recently Changed
Searches

Public

Folders ~

Type Size

Mao items match your search.,

File QE@ES-SAMPLE%(DIFF] > %

Save as type: IAnaly; Data File (".DAT)

= Hide Folders

Click on the [Save] button and the program will save the data.

The data can be analyzed later by selecting “File (F),” “Open (O),” and then the (analysis name).

In the example above, the program analyzes the saved “difference of adsorption isotherm” using a

Langmuir analysis, and calculates the volume of ammonia chemically adsorbed by titanium oxide.
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Chapter 27: Metal dispersion analysis

27-1. Description I

Metal dispersion can be calculated from gas adsorption amount (chemical adsorption amount) as follows.
Adsorption amount value used in this calculation is given as gas volume of standard condition ¥[mlI(STP) g].

N, the number of moles of the gas that adsorobed on supported metal catalyst 1 g is expressed as bellow.

—L (27.1)
& 22414 '

The metal atoms that has gas adsorption on the surface, in other words, the number of moles of the metal
atoms that are exposed on the catalyst surface is represented as follows (Stoichiometry factor=ky).

V
N =k, xN, =k, x—— (27.2)
‘ ’ T 22414
wt% of metal loading is ¢%. The number of moles of metal atom per catalyst 1 g , Nr, can be calculated
from the following equation.
c 1
N, =—x— (27.3)
M 100
Here, M indicates atomic weight of supported metal atom.
Therefore, metal dispersion rate D, can be calculated by the following equation.
N, V. Mx100
D = =k, x X (27.4)
N 22414 c

T

as(Sample) [m?-g’!], supported metal surface area per catalyst 1 g can be calculated by the following.

k, xV x6.022x10% 8
a (Sample) = xa, x10 (27.5)
‘ 22414
Also ag((Metal) [m?*-g’'], supported metal surface area per supported metal 1 g can be calculated by the
following.
a (Sample)x100
a (Metal) = (Sample) (27.6)
C
anm[nm? atom’'] is the cross section area that a supported metal atom occupies (supported metal cross section
area).
Suppose supported metal particle is cubic, the particle size I,[nm] is,

6
| =———
pxa (Metal)
where p[cm? g''] is the density of supported metal.
There are various ways to evaluate cross-sectional area of supported metal, and many values are listed in
literatures. The following table indicates some examples that were calculated from average surface atom

concentration, which are described in a literature (Catalyst course(additional volume), Catalyst experiment
handbook, P261).

x10° (27.7)
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Metal dispersion analysis

Supported metal

Atomic weight

Density/g-cm™

Metal cross section area/

nm?-atom-’
Iron Fe 55.847 7.87 0.0613
Cobalt Co 58.933 8.90 0.0662
Nickel Ni 58.690 8.90 0.0649
Copper Cu 63.546 8.96 0.0680
Molybdenum Mo 95.940 10.22 0.0730
Ruthenium Ru 101.070 12.41 0.0613
Rhodium Rh 102.906 12.41 0.0752
Palladium Pd 106.420 12.02 0.0787
Argentum Ag 107.868 10.50 0.0870
Rhenium Re 186.207 21.01 0.0649
Iridium Ir 192.220 22.42 0.0769
Platinum Pt 195.080 21.45 0.0800

C

130




27-2. Operation

1. Select “Metal dispersion analysis” on the “Analysis (A)” menu and the following metal dispersion analysis
windows will be displayed. The program will execute a metal dispersion analysis from adsorption data of

isotherms.

2. Select “Analysis parameters” on the “Setting” menu and the “Analysis parameters” window shown below will
appear. Change the settings as needed. For details about items not described here, see section 7-1.

“Analysis parameters,” on page 37.

7 Analysic parameters [Pt-AI203.DAT] ==
Analysis Initial Value
[7] Interpolate curve Pressure Unit
@ kPa
Torr
Vm calcration
Select method for calculating ® Isotherm Supported metal
the chemical adsorption i
€ cl p Eangmiik g Enter a Supported metal
volume. : content.
Metal dispersion analysis parameter |
Supported Metal |platinum Pt S Select a supported metal.
Metal crass serton ares The parameters previously
Atorric weight [nm2 atom-1 stored are displayed.
Enter the atomic weight, 195.08 0.08]
meta] Cross secthn area, Density [g/cm3] Stoichiometry factor After changing the
;jer;sny, and a stoichometry 21.45 2 parameters, click on the
actor. [Save parameter] button,
| Save paramet .
the parameter data will be
Setasthedefaultvale | [ ok || canceL overwritten in the stored
data.
3. Select the starting and end points of an T e e
# Fie(F) Analysis(A) Settng(S) Window(W) Help(H) 7?5 x
approximate curve. The metal loading (%), e kel Tossarethn andises 09 PraRos DATA0S)

Pt-AI203.0A1 0.9

stoichometry factor, inclination of the

approximate curve, slice, correlation coefficient,

o
o

metal distribution ratio (%), metal surface area

(Metal) (m? g'), metal surface area (Sample) % ﬁﬁ Samgpart b E odgsit B
(m2 g*), metal powder diameter (nm), average < os Coren s oo
crystal size (nm), and chemical adsorption ”%L{i[mm[]
volume (cm? g-') will be displayed. orofincivts e ot In Wi wies

Average crystal size [nm] 44240
Chemical ads amount [cm 3 g71] 0.3044

0
1E-04 1E-03 1E-02 1E-011E+001E+011E+02

p /kPa
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(( Molecular probe method ))

Chapter 28: Molecular probe method

28-1. Description |l

In case of adsorbent with very small pores, it is difficult to calculate pore from nitrogen adsorption isotherm.
Molecular probe method is a method used in cases like this that produces adsorption isotherm using some
adsorbates with different molecular size, and then measures distribution from the relationship between molecular
size and pore volume. There are four materials that are often used as the probe. They are CO2, CzHes,
n-C4H1o and iso-CsH1o in ascending order. Naturally, adsorptives larger than a pore cannot enter the pore.
Therefore, bigger the adsorption molecule is smaller the pore volume can be obtained from the isotherm.
Measurement of isotherm is preceded from smaller adsorbates to bigger ones and pore volume W is worked out
by DA method. If Wo becomes almost zero sebsequent adsorption measurements does not have to be carried
out. Using non-linear least squares method, Gaussian distribution is optimized and integral curve is calculated
taking each adsorbate size in X-axis and W, in Y-axis.

Molecular probe method is considered to be one of the most accurate analysis methods because it
measures distribution by inspecting whether molecules can enter

pores. However, it takes lots of time and work as it needs more J DL
than one adsorption isotherms to produce one pore distribution ) "
curve. Adsorbate that does not cause chemical adsorption has r

to be selected for the probe. Molecular size depends on

molecular model. Minor axis length Ds of smallest projection cross

section area in case of slit-shaped pore, and major axis length D;, of D
s

smallest projection cross section area in case of cyrinder-shaped \\ /

pore, are used (Refer to the right diagram.).

28-2.
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28-2. Operation

1. Using adsorption isotherms from some types of adsorbates with

different molecular diameters, calculate the pore volume using a

DA or other plot.

2. Select a “Molecular probe method” on the “Analysis (A)” menu.

The “Molecular probe method” numerical data window shown

below will appear.

3. Enter an “Adsorbate name,” “dm (adsorbate molecular diameter),”

and “V,, (pore volume)”. If molecular probe analysis data is

already stored, click

numerical values as needed.

and you can select a file.

Change the

Molecular probe method lihj
File name I\Ej
Adsorptive d ] Volom: 51
1 |coz 0.330 0.170 |
2 |C2HE 0.400 0.110
3 |n-C4H10 0.430 0.050
4 |HC4H10 0.500 0.000
5
3]
7
8
o
10
saveas | [ sot |[ ok || cance

T
4

¥
5

4. Click on the [Sort] button, the program will sort data in order of larger to smaller dm (adsorbate molecular

diameter). Click on the [Save as] or [OK] button and the program will sort the data automatically.

5. After entering data, click on the [OK] button and the screen will display the “Cumulative Pore Volume” (lower left

figure) or “Pore Size Distribution Plot” (lower right figure).

the pore volume (¥, / cm?® g'') against the pore diameter (dp/nm).

differentiating the “Cumulative Pore Volume”.

7 BELMaster - Molecular probe method Standardmer] [

i Fle®  setna) Wndow(w) Heb(s)

Standard.mor Cunulative Pore Yolume
v, [em? g1
0.25 dp [nm]
ek I
Standard deviation

0.1

025 03 035 04 045 05 0355

A
d, mm

0170
0412
0.016

The “Cumulative Pore Volume” is a graph plotting

The “Pore Size Distribution Plot” is a graph

1+ BELMaster - [Molecular probe method Standard.mor]

(=

E) Settng(s)

/ P

Window(W)  Help(H)

x

Pore Size Distribution Plot

0.1

s

0.305 0.335 0.365

A
d, lnm

0.395 0.425 0.455 0.485

v, [em® g1] 0.170
9, e ] 0412
Standard deviation  0.016
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Analysis of measured data

6. On the analysis menu, select “Setting” and “Analysis parameter,” the screen will show the “Molecular probe

method Analysis parameter” window. You can select graph type, specify X and Y axes, and markers.

+' Molecular probe method Analysis parameter

|

Graph
) cumulative Pore Volume

Axis setting
X-axis display setting
Auto
[@] Max. value 0.4350
[¥] Min. value 0.3050

[9] Scale resolution 3,0000E-02

[@] Grid line On/Off

Marker setting
Plot

Marker (o] -

Size o

Color -

@ Pore Size Distrbution Plot

Y-axis display setting

Auto
[@] Max. value 0.1200
[¥] Min. value 0.0000

[7] Scale resolution 2,0000E-02

[@] Grid line On/Off

Fitting curve

sza 1 e

I Setf as the default ] [ 0K

) [Comg |

" BELMaster - [Molecular probe method Standard.maor]
e S = -

7. Select “Setting(S)” and “Edit data (E)” on the analysis menu and the

program will display the “Molecular probe method” numerical data

window. You can modify the molecular probe data in this window.

8. After changing the data, click on the [OK] button, and check the

graph that is displayed.

File(F} | Setting(S) | Window(W) Help(H)

=8 Molecular p Analysis parameters(A)
*. Standarg Edit data(E)

e
Routine analysis settings(R)

m I ' 7

9. Click on the [Save as] button in the “Molecular probe method”

numerical data window and you can save the numerical data in a

new file.

10. Specify a location to save the file and enter a filename.

11. Click on the [Save] button and the program will save the

data in the molecular probe analysis data format:

filename.mor

[El Documents

B Deskiop

% Recent Places
M Computer

B Picturss

B Music

@ Recently Changed

B Sesrches

) Public

I Folders

Save as type:

Molecular probe method @‘
File name  Standard.mor
Adsorptive 4 _[nm] U Jem® 21
1 co2 | 0.330 | 0.170 |
2 C2HE 0.400 | 0.110 |
3 n-CAH10 0.430 | 0,050 |
4 |iCaH10 | 0.500 | 0.000 |
5
ﬁ =
9 !_
8| 1 8 1
g | | |
10 | |
I [ saveas ][ set |[ ok |[cance |
o
Save As =]
@“’ <[ |). » BELSORP data = [49 ][ searcn 2]

Name DatNaken  Tags Size Rating

No items match your search

Molecular

“ Hide Folders

134



Chapter 29: NLDFT/GCMC method

29-1. Description I

1) Introduction

The non-localized density functional theory (NLDFT: Non Localized Density Functional Theory) and the
computer simulation method (GCMC: Grand Canonical Monte Carlo method) have been developed as new pore
distribution evaluation methods for porous materials. Evans and Tarazon studied adsorption and phase of fluid in
pores through molecular modeling based on DFT by using computers® 2. After that, Seaton et al. studied
calculation of pore distribution based on DFT®). The pore distribution analysis based on the initial DFT provided
satisfactory results to discuss adsorption status in pores. However, it has a problem about quantitative
measurement in micropores.

Then, to solve the problem about quantitative measurement, Latoskie, Gubbins and Quirke established the
NLDFT method* ®.  This theory can explain adsorption phenomena of adsorptives into many materials, which
can be applied to pore distribution analyses for micropores and mesopores®).

Features of these theories are to execute analysis on the assumption that adsorption density will periodically
change from solid surfaces, while classic pore distribution analysis theories are based on the assumption that
adsorption occurs in liquid state (Kelvin theory). For the pore distribution calculation, it is absolutely necessary to
select the pore structure (slit or cylindrical, cage), and to determine parameters related to adsorptive and
adsorbent (N2/Ar/CO2, Carbon/Oxygen). By using these parameters, theoretical adsorption isotherms for various
pore diameters can be obtained based on the NLDFT or GCMC method. Then, a pore distribution curve is
calculated by fitting an integral isotherm obtained from the theoretical adsorption isotherms to the experimental
isotherm so that an adsorption amount error can be minimized.

This new pore distribution evaluation method enables pore distribution analysis in the whole range with a single
theory, although conventional evaluation methods use different theories individually to evaluate distribution of
mesopores and micropores.

2) NLDFT

NLDFT has been developed in applications to classic studies of non-uniform fluids. For a simple fluid, this
method can accurately express periodical changes in density from solid surface and fluid density relative to a
defined pore structure (slit-shaped etc.). NLDFT can express such adsorption equilibrium in pores with a grand
canonical ensemble system.

Qp, ()= Flp, ()= p, 0=V, (r)lar (20-1)

In the above equation, F is intrinsic Helmholts free energy function, o, is fluid density localized at position r, and
d is a (hard sphere) diameter. Calculation of Vex(r) is different depending on pore model. Details are described
in the next section.

Flp,(r)]=F,[p, (r);d]+ % [[arar p,(r)p, (). (r = 1) (29-2)

Gravitational force potential ¢.« can be obtained with Weeks-Chandler-Anderson equation?®.

¢(m(Ir - r'|) =¢,; Qr - r’|), at |r - r'| >r, (29-3)
==&y, at |r - r'| <r, (29-4)
r,=2"c, (29-5)
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(( NLDFT/GCMC method ))

The term for hard sphere (F1) can be classified into the term for ideal gas (Fis) and the term of excess amount (Fe).

Flpu(r)]= Fulp(r)]+ Ful oo (r):d] (29-6)
Fy[p.(r)]= kTI drp, (r)[ln( Np, (r)) - 1] (29-7)

/2
A=h/ (27Z'ka) indicates de Broglie wave. m indicates molecular weight of adsorptive, and % and k are

Planck’s constant and Boltzmann constant, respectively.

F.[p.(rd]=kT[drp, (r)f..] p(r):d] (29-8)

Helmholts free energy per molecule of hard sphere (f..) is expressed with the equation below.
2 - Plp d _

fulpkd)= [pd ]—"[%:;J— kT{in(A° p(r))-1] (29-9)

In the above equation, x» and P indicate chemical potential and pressure respectively, which are calculated by
Carnahan-Starling equation” 7).

o 2 3
Phd[p]=ka1+X+X 3+X (20-10)
(1-X)
— -\ 8X-9X*+3X°
m [p]= kT{ln(A3 p)+ (I—X; } (29-11)
X =£Ed3 (29-12)

6

In this step, NLDFT uses Tarazona theory of smoothed function to calculate density in adsorption phase™ 2.
® : Heaviside step function

;(r) = Jdr'pL (r')wnr - r';;(r)] (29-13)
w(r; p) = w, (r)+ w, (r)p +wy(r)p? (29-14)
3
wlr)= 2 0ld-r)
6 2
wl(x)=—(a0 +ax+a,x ) at x=r/d<1
7

w(x)= % {ce‘ﬂ‘ G- sinfa(x —1)]+ e (H)(bo +bx +b,x* +byx’ )} at x=r/d>1

wy (r) = %(g){é - 123 + s(gﬂ@(d ~r)

As described above, density profile can be calculated. Then, density that provides minimum grand potential is
calculated, and the calculation result is equilibrium state.

&[pL(r)] -0

50, () at P =P, (29-15)
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To minimize energy, density is calculated with 0
Lagrangian multiplier method®.

Fig. 1 shows a density profile curve for a slit-shaped
pore model (N2, T=77 K, H=4.3 nm). In this figure, we
can see that monomolecular layer adsorption starts at
P/Py = 10%. According to an increase in relative
pressure, the local density increases, and adsorption of
the second layer starts at P/Po = 10",

The periodical change in local density is gradually
eliminated from the third and subsequent layers, and
the density becomes close to the average density of the
bulk. In view of this, it is considered that there is
almost no interaction between the solid and the
adsorptive molecule around a distance of adsorption 2 3 AL 5
with the fourth and fifth layers. z'

A theoretical density adsorption isotherm is created Fig. 1: Localized Density Profile using NLDFT
through integration of this density profile curve. (P/Po: Relative pressure, p.*: Local density, Z*: Distance
Furthermore, theoretical density adsorption isotherms from carbon atom on graphite surface)
of various pore diameters are created from micropores
to mesopores by changing the pore sizes.

-

* Slit-shaped pore model
Pores with graphite structure, such as activated carbon and activated carbon fiber, are assumed to be slit shape.
An adsorption isotherm for slit-shaped pores is expressed with the equation below:

N(P)= J' dHf (H)p(P,H) (29-16)
0
H: Pore width (nm)

Fluid interaction potential (¢s) can be calculated with the Lennard-Jones 12-6 potential.

12 6

O . O .
7 7
Py (r)=4e, - T\ (29-17)

Solid—fluid interaction potential (#sr) can be calculated with Steele 10-4-3 potential equation®.

10 4 4

2(0y Oy Oy
R e e _ : 29-18
2, E)=5. 5|~ . 3A(z+0.61A) 2519
&, =27, p,0A (29-19)
Vext (Z) = ¢sf (Z)+ ¢sf (H - Z) (29-20)

* Cylindrical pore model
Pores of regular mesoporous material (MCM41, FSM-16 and SBA-1), and zeolite with one-dimensional
structure are assumed to be cylindrical shape.
An adsorption isotherm for cylindrical pores is expressed with the equation below:

Rmax
N(P)=27 [dRf(R)p(P,R)R (29-21)
Rinin
R: Pore radius (nm)
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Fluid interaction potential (¢y) is calculated with Lennard-Jones 12-6 potential equation (29-17).
Solid—fluid interaction (gy) for cylindrical pore model can be calculated with the equation below'?.

-10 2 4 )
¢sf(r):8cw @ Ror 1+L x F _29_2;1; L -3 Ror 1+L xF _E,_i;l; L
32( 0, U R 27 27°(R o, U R 27 27\R

(29-22)

F (a3 7, 0) is a generalized geometrical function, and r is a radial coordinate relative to the center of pore.

2 2
Ew =T &y PO (29-23)

Ver(r)= 6, (r)+ ¢, (R—r) (29-24)

e Calculation parameters

To create theoretical adsorption isotherms based on NLDFT, definition of individual parameters are essential.
Actually, these parameters are not unified, which are different depending on each thesis. Intrinsically, parameters
(Table 1) related to interaction of adsorptive (fluid) should be identical to those of the GCMC method described later.

The cause of the difference in the parameters between NLDFT and GCMC is considered to be the difference in
assumptions that NLDFT and GCMC are based on, that is, DFT assumes that diatomic molecule is approximated to
spherical shape.

To determine the parameters, it is recommended that you use the values that make the physical properties of the
bulk calculated from the relevant parameters (saturation vapor pressure, surface tension, density, etc.) identical to
the values given in documents.

The BEL software uses the following values:

Table 1. Parameters of the adsorptive-adsorptive intermolecular potential.>)

Gas e/ ko (K) ofr(nm) dus (nm)
Nitrogen 94.45 0.3575 0.3575
Argon 118.05 0.3305 0.3390
Carbon dioxide 253.9 0.3454 0.3495

err/ k is approximated by a spherical Lennard-Jones interaction.

The solid adsorption interaction parameters are obtained by fitting to a multiple molecular layer adsorption isotherms
for nonporous materials (Table 2).

Table 2. Parameters of adsorptive-adsorbent intermolecular potentials”

Gas-Solid &st/ ko (K) osf(nm)
Nitrogen/Carbon 53.22 (Cylinder) / 53.72 (Slit) 0.3494
Carbon dioxide/Carbon 81.5 0.3430
Nitrogen/Siliceous 147.3 0.3170
Argon/Siliceous 171.24 0.3000

est/ k was obtained by fitting to adsorption data for a nonporous material having the same chemical structure as the porous
material.

For the parameters related to the adsorbent (solid), this software uses the following values for slit-shaped pores
and cylindrical pores (Table 3).

Table 3. Solid density of adsorbent”)

slit pore Surface molecule number
Adsorbent Ns (nm?) in cylinder and
A(nm) / layer spacing s (nm) spherical pore
Carbon 0.335 114 38.19
Siliceous - - 15.3
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therm (Kernel)

ion iso
Fig. 2 and Fig. 3 show theoretical density adsorption isotherms actually calculated.

3) Theoretical density adsorpt
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Relative pressure

(P/PO)

Pore radius

(nm)

m NLDFT/GCMC method Uv

Adsorptive molecule: Ar, Pore surface atom: O)

Fig. 2 Theoretical Density Adsorption Isotherm

(Parameters: Cylindrical pore,

=

Adsorption density

(o)

Relative pressure

(P/PO)

Pore width

(nm)

Fig. 3 Theoretical Density Adsorption Isotherm

(Parameters: Slit-

Adsorptive molecule: N2, Pore surface atom: C)

shaped pore

These figure exactly

and it will change to Type IV in the mesopore

An interesting point is that the pore condensation pressure is high at a point of the smallest pore diameter.

as the pore diameter becomes large.
This means that the relevant molecule manage to enter the pore under high pressure condition, when the

)

condensation pressure increases

In Fig. 2 and Fig. 3,
reproduces that the Type | isotherm is shown in the micropore range,

range.

It is a feature of the NLDFT/GCMC method that such a condition can be

reproduced, which is not available with other pore distribution analysis theories.

molecule size is close to the pore diameter.

Furthermore, the NLDFT/GCMC

method can exactly reproduce occurrence of condensation in pores after a monomolecular adsorption layer is formed,

if the pore diameter is several nanometers or larger.

139



(( NLDFT/GCMC method ))

4) GCMC

Adsorption simulation using the GCMC method executes the
following steps repeatedly: definition of parameters (pore diameter and
shape, adsorptive molecule, adsorbent surface atom, etc.); actually
placing the adsorptive molecules in the virtual space of the pore;
simulation of movement, generation and annihilation of the adsorptive
molecules; and receiving more molecules when the system energy is
negative (stable), and restoring them if the system energy is in the
contrary condition.

Normally, these steps are repeated by one or two million cycles.
After that, the system checks if the system energy is reduced and
becomes stable (adsorption equilibrium state), and then simulates an
amount of adsorption with a certain pore diameter at certain pressure.
Continuously, the system increases the number of molecules placed in
the pore to raise the system pressure, and calculates the amount of
equilibrium adsorption at the next pressure value. Thus, the GCMC
method executes an actual adsorption experiment on a computer, to
create an adsorption isotherm.

In comparison between the GCMC and NLDFT methods, the
NLDFT method assumes that adsorptive molecules are approximated
to spherical shape, while the GCMC method assumes that N2 and COz2

molecules are placed at the LJ2/LJ3 center, to calculate interaction between actual molecules (atoms) by handling
With the NLDFT method, a point that minimizes energy
is calculated. However, the GCMC method may not always provide accurate equilibrium state depending on preset

quadrupole moments (electric charges) individually (Fig. 4).

Fig. 4 Modeled N2 molecule, -hard

sphere system of DFT, -for GCMC
(®: LJ center 1x, O: charge center 1q)

conditions.  Therefore, try-and-error (changing simulation sizes) is required for this method.
Table 4. Parameters of the adsorptive-adsorptive intermolecular potential®
Gas et/ ko (K) o (nm) Ix (nm) 1q (nm) q(e)
34.7 (Cylinder) / | 0.334 (Cylinder) +0.0847 0.373
N +0.0504
§ 101.5 (Slit) /0.3615 (Slit9 7 +0.1044 0373
Ar'? 118.05 0.3305 0 0 0
co C: 283 C:0.275 C:0 0 0.6512
i 0:81.0 0:0.3015 0:+0.1149 +0.1149 -0.3256
CH4 148.75 0.37 0 0 0
Table 5. Parameters of adsorptive-adsorbent intermolecular potentials”
Gas-Solid st/ ko (K) osf (nm) &ss/ kv (K)
25.0 (Cylinder) 0.337 (Cylinder) 18 (Cylinder)
N2/ Carb .
21 anon / 53.72 (Slit) /0.3494 (Slit) /28.43 (Slit)
C:25.0 C: 0.308 C:22
€0/ Carbon 0: 422 0:0.321 0:22
CH4/ Carbon 57.2 0.355 22

5) Integral adsorption isotherm and pore distribution

In equations (1-16, 21), N(P) is an integral adsorption isotherm for slit-shaped pore model, and that for cylindrical
pore model, respectively. p(P, H) and p (P, R) are theoretical adsorption isotherms for each pore diameter calculated
by the NLDFT or GCMC method. To determine sample pore distribution, pore distribution functions (f(H),f(R)) are
changed for optimization by the least-squares method, so that IAE comes close to the measured adsorption isotherm.

N(P)= Jarf(m1)o(p, 11

N(P)=2x [dRf(R)p(P,R)R

Rmin
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Analysis of measured data

Other pore distribution analysis theories use experimental data to execute pore distribution analysis, and
therefore, the result will not change. However, with the method used by this system, the result may change
depending on the fitting algorithm used by the computer software, because an integral adsorption isotherm based on
the assumption of pore distribution is fit to experimental values. Therefore, it is necessary to verify whether the result
is valid or not, by comparing IAE under analysis and experimental data, and by checking the analysis result with other
information on the material. As described above, the theory for direct calculation from a conventional isotherm
should be applied to a material whose information is unknown. On the other hand, for a material whose pore
structure is well known and conforms to the assumption of the NLDFT/GCMC method, the NLDFT/GCMC method is
preferable.

6) Definition of pore diameter
For definition of pore diameter, the following three methods are available:

[1] Solid Def. Pore Size: This definition adopts a definition developed by Gubbins et al., that is, “pore size determined
by subtracting, from the distance between centers of atoms in the surface wall that forms the pore, the diametric value
of surface atoms that are assumed to be solid spheres”. Our analysis software up to Ver. 6.1.0.9 adheres to this
principle about pore size.

[2] Fluid Def. Pore Size: Kaneko et al. have reported that when the LJ potential occurring between the surface atom
(which is assumed to be solid sphere) and adsorptive matter (which is assumed to be solid sphere) becomes zero,
both atoms overlap with each other. “Distance across both ends of the adsorptive matter” in this situation is referred to

as pore size.
[3] Solid and Fluid Def. Pore Size: Assuming that actual molecule is not a solid sphere, the pore size is defined as the
“middle between pore size definitions (1) and (2)”. We recommend this pore size definition.

Potential [K]

Solid and Fluid Def. Pore
size: H—ds+A
=(H-d.+H-ds+2A)x1/2

-
ey
Yo
o
]
53
D
-3

the distance between centers
of atoms in the surface wall: H
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29-2. Operation |l

1. If you select “NLDFT/DCMC method” from the “Analysis” menu and select a “.dat” file, the “Analysis parameters”

window appears as shown below.

r B
 Analysis parameters [AX21.DAT] [
| Interpolate curve PSD fitting
PSD function Definttion of pore sza
7 Gauss NO. of Peak @ Solid Def. Pore Swe
) Log-normal 1 2 Solid and Fluid Def. Pore Size
@ No-assumption ") Fluid Def. Pore Size
7] Smoothing
Kernel
Adsorptive / Temp.
N2/77K - Slit Cylinder Cage
Model 0 C - 0 £ - 0 CB GCB
i GCMC Adsorption )
9 MLDFT Desorption
Set as the defautt value | [7] Save Simulation isotherm data to dat file oK | | CANCEL

* Interpolate curve
Executes interpolation (spline cubical or Bezier curve interpolation) of analysis data (pore
distribution and ideal adsorption isotherm).

PSD fitting

e PSD function (Distribution function)
Specify a distribution function that defines pore distribution.

* No. of peaks
Estimate the number of peaks in pore distribution, and then specify the number. The number of peaks
possibly entered is: 1 when the distribution function selected is “Gauss” and 1 to 5 when the distribution
function selected is “log-normal”. (Allow the axis abscissa of the adsorption isothermal curve to
represent Log scale; assume that the number of peaks at the rising phase in terms of amount adsorbed
corresponds with the minimum number of peaks in pore distribution, and then enter a number greater
than this number of peaks. Incidentally, for a particular material whose pores have been positively
regulated, enter the number of peaks found with its pore distribution).

*  Smoothing
One point of around at all points pf PSD can be perfoemed moving average processing. ltis a
process that used only for PSD display.

* Definition of pore size
Possible definitions of pore size (any definition can be selected from the following options (1) through
(3) only if solid surface state “C” has been selected)
(1) Solid Def. Pore Size: This definition adopts a definition developed by Gubbins et al., that is, “pore
size determined by subtracting, from the distance between centers of atoms in the surface wall that
forms the pore, the diametric value of surface atoms that are assumed to be solid spheres”. Our
analysis software up to Ver. 6.1.0.9 adheres to this principle about pore size.
(2) Fluid Def. Pore Size: Kaneko et al. have reported that when the LJ potential occurring between the
surface atom (which is assumed to be solid sphere) and adsorptive matter (which is assumed to be solid
sphere) becomes zero, both atoms overlap with each other. “Distance across both ends of the
adsorptive matter” in this situation is referred to as pore size.
(3) Solid and Fluid Def. Pore Size: Assuming that actual molecule is not a solid sphere, the pore size is
defined as the “middle between pore size definitions (1) and (2)". We recommend this pore size
definition

* Saving as the default value
If this item is checked, an ideal adsorption isotherm is saved in a file, which is named “Original file
name +“ " + Sim”.
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e Model

Specify a set of particular model data (database) applied to various intended analysis operations.
This database consists of information about adsorptive matters, adsorption temperatures, surface
states of solids (O: oxygen, C; carbon, CB: Carbon Black, GCB: graphite carbon, and shapes of
pores (slit or cylinder)). Choose a model database that appears to best represent the measuring
conditions and sampling conditions for the set of intended measurement data; and then start
analysis operation. Note that it is impossible to analyze a model whose database files have not yet

been registered.

We currently offer the kernel described later.

Slit Cylinder
0 C - 0 C -
N, 77 K @)
- - -
LD'- des. O O
= 0 CB GCB 0 CB GCB
z Ar87 K
- - - @) @) @]
co, 298K |2 C - | o J o |cch
0 C - 0 C -
N, 77 K @]
% ) des. ) O O
o 0 CB GCB 0 CB GCB
® Ar87 K . - - o) - -
0 C UMPC* 0 CB GCB
CO, 298 K
2 - ©] ©] - ©) ©]

It is suitable for the analysis for 0.1 MPa (pore width 0.32 — 1.5 nm) or less

2. After specifying the analysis parameters, press the [OK] button to start calculation.

After calculation is

completed, a pore distribution curve and ideal adsorption isotherm data are displayed.

3. The procedure for executing analysis using the NLDFT/GCMC method is described below. The figure below

shows an adsorption isotherm, which is obtained by actual measurement of Ar adsorption in zeolite (ZSM-12)

that has micropores. First, set the X axis to the “log” scale in “X-axis display settings”.

procedure, refer to page 37 of this manual.
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Analysis of measured data

4. Specify the analysis parameters as shown on the right.
the [OK] button to start calculation.
Cylindrical, Oxygen, Ar/87 K)

These data are intended for GCMC analysis.

B -
' Analysis parameters [ZSM12.DAT] EI_IQ
[7] Interpolate curve PSD fitting
PSD function Defintion of pore size
@ - dimensional spins 17 Gauss NO. of Peak '@ Solid Def. Pore Sze
@ Log-normal 4 =
) Mo-assumption
[7] Smoothing
Kernel
Adsorptive [ Temp.
Arf87K - Slit Cylinder Cage
Model 0 CB GCB 0 CB GCB 0 CB GCB
@ GCMC Adsorption @
) NLDFT Desorption
Set as the default value | [C] Save Simulation isotherm data to dat file CANCEL
L

(C poyaw JNOOD/14A7IN ))

= Calculating.

5. During calculation, the window as shown on the right is displayed.

Press

(Analysis conditions: Distribution function: log-normal, Number of peaks: 4,

6. After calculation is completed, ideal adsorption isotherm and pore distribution curve are displayed as shown

below. The file name for the ideal adsorption isotherm is “ZSM-12_Sim.DAT".

) ) secro) i)

Ideal adsorption isotherm
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Analysis of measured data

7. Place the actually measured adsorption isotherm on the ideal adsorption isotherm. You can see that the
actually measured adsorption isotherm is well fitting to the ideal adsorption isotherm. If these isotherms are

not well fit to each other, an accurate simulation result cannot be obtained.

/!
A

GE08 IE07  IE06  IE0S B0+ IE03 1B IEOL  1E0

8. The figure below shows a pore distribution curve for GCMC analysis. The pore diameter peak is 0.56 nm
(based on GCMC analysis result). You can see that the distribution is well fitting to the ZSM12 structure
(MTW: one-dimensional structure, dodecagon ring, 0.56 x 0.59 x 0.6).

4, mm

GCMC analysis

As shown above, PSD acquisition from NLDFT/GCMC analysis enables you to obtain highly reliable data, if the
assumed pore shape (cylindrical or slit) and chemical structure of the pore surface conform to those of the

measured data.
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Analysis of measured data

Chapter 30: How to use [Routine analysis]

Using this function, you can open selected data with multiple preset analysis methods.

30-1. Settings |l

1. Select “Routine analysis setting” on the “Setting” menu and a “Routine
analysis settings” window will appear to allow you to change routine

analysis settings.

2. Select analyses you want to use from the “Unselected analysis” list.
Then click on the [Select] button.

These are now added to the selected analyses.

Routine analysis settings

BEL analysiz software
: G ToollT!  Windowih

Fila(F}

Ad=sorptive infor'me_ltiunm 1

The selected analysis names will be moved to the “Selected analysis” list.

utine analysis settines

fnalvzis select

Unselected analysis

rpkian | i
BET method |
Langmuir-method
t method
2 rmethod
D4 method
DH method
EJH method
I methiod
MP methnd

b

Order alteration

Do

0K || GANCEL |

Sralezis selact

Unselected analysis

Langmuir method &
t method |
i s methiod

= Select Adsorphion | desarption

| BIH method

I method
HE method
SF methiod

Cirder-alteration [ * Up ][ * Diown ]

[ ok ][ canck |

30-2. Operation |l

1. Select “Routine Analysis” on the analysis menu.

2. As shown in the figure on the right, the analyses
registered in “Routine analysis settings (R)” will open

immediately.

The file selection screen will appear.
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Chapter 31: Output an analysis report

You can output numerical data or graphs as an Excel file (*.XLS), and can be edited with Excel.  This
function is useful to prepare reports. For equivalent weight differential heat of adsorption, difference adsorption
isotherm, and molecular probe method, the analysis report output function is disabled.

Note) If Microsoft® Excel is not installed, this function cannot be used.

Settings Using this function, you can open selected data with multiple preset analysis methods.

31-1. Operation I

1. select “Report settings” in the “File” menu. EFL bt

FleF) | Settingl5) ToollT]  Window{W) Halo[H)

2. The “Analysis report” window appears as shown on the
right.

To output a report of several analysis results with the

same data, select “data”.

1_

Report Summary

3. Drag and drop analysis data from a desired analysis window into the “Analysis report” window to copy the
analysis data. The data at the time of copying will be output in an analysis report. After the data is copied,

any setting change will not be reflected in the report.

aer
9.0E-03 T
K

300 7 Bl SAMPLEG3 AT (=

6.0E-03 BJH-Plot L 9% ¥

¥, fem’ (STP) '

£03.0AT(4DS)

PIVo(po-p)

3.0E-03

av, i dr,

0.0E+00

147

(<0utput an analysis report))



(Cuoda.l sisAjeue ue md;no))

Analysis of measured data

4. After the data is copied, the Analysis report settings

window is displayed as shown on the right. it ——

Adsorption / desorption isotherm Delete selected item.
~BET-Plot
BJH-Plot

Report output

Open Excel

[] Report Summary

5. i the “Report Summary” checkbox is checked, a

summary report will be prepared.

6. When two or more data are displayed in a single graph,

or a report output of analysis results of the same analysis

method from different files, select “Same analysis”.

7. Drag and drop analysis data from a desired analysis window into the “Analysis report” window to copy the
analysis data.
The data at the time of coping will be output in an analysis report.  After the data is copied, any setting

change will not be reflected in the report.

Adsorption / desorption isotherm

v, fem'(STP) &'
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8. Atter the data is copied, the Analysis report window is

displayed as shown on the right.

Analysis of measured data

SAMPLEO1.DAT
SAMPLEO2.DAT
SAMPLEO3.DAT

9. To output an overlap graph, mark an “Report stack” checkbox.

SAMPLEO1.DAT
SAMPLEO2.DAT
SAMPLEO3.DAT

Open Excel
Report Stack

10. you select a file to be output and press the [Report output] button, the file name setting window opens.

If you specify a file name, an Excel worksheet will be prepared. In the worksheet, a graph is located below

numerical data.

Page Layout

Formulas  Data

Review  View

pome 2 (B2 -]a” ]| [ 2 IR [8 - oo | e - @ SR
P E A [EER] W * | [EFomat - | 2~ Fiter~ selea~

i

Clipboard Font il Alignment il Number Cells Editing
H17 - £ | B
A ] ¢ ) 3 F [
| [Stack]
2
j Adsorption / desorption isotherm
5 900
L ]
12 Sample weight] 0.121 [g) Saturated vapor pressure| 2
= 8
= 1 ¥
10
1
12 600
13] 7,
4 &
E 5 &
94 Total pore volume(p/po=0.990) 8 I
25 Avrage or dometer E s
zs ] 3
27 Flot data [Adsorption branch 8 >
28 Ve 18 300
29 Tppest(Area)
20 % 20
Ell 21 1
44> | Summary ~Adsbes BET B €3 22 ]
Ready N
2 ]
24 1
25 ]
Report summary m 03
2 0 05 1
28
29 Plpo
30
31 ===SAMPLE01.DAT(ADS) =#=SAMPLE0Q1.DAT(DES) === SAMPLE02.DAT(ADS)
32 ~@—SAMPLEO2.DAT(DES) ——SAMPLE03.DAT(ADS) ~8~ SAMPLEO3.DAT(DES)
33
:?

| 34 L
W < » ¥| Stack  SAMPLEO1.DAT _~ SAMPLE02.DAT
Ready |

Report stack
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Analysis of measured data

11. other functions of the “Analysis” window are as follows:

[ Deletes copied data.

2§ SAMPLEQ3.DAT

';gifpm;f" / desorption isotherr [ Delete selected Deletes a selected item only.

“ BIH-Plot

[ Report output Outputs an analysis report.

Closes the “Analysis report”
window.

When this checkbox is ON, Excel
will open after an analysis report is
output.

—OQutput of report—
Using two points in least-squares method, the start point and end point of BET-plot, Langmuir plot, t plot, as

plot, DA-plot, are displaid in these plot output report as shown below.  Top step is the start point and bottom

step is the end point.

00 (Typical Type IV Isotherm)

ross section area

dEBIRSE
AVlarsl

‘Adsorpiion temper siure|

i Gesoiion dota 38

End point

REEEEE R

0.000094878| 0.000010262|
0.

i

5]

*)
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31-2. Setting change I

When you use “Analysis report” function, an error (00014) might be displayed as below.

[ Warning Lihy

. Error occurred during data output.00014
l\ Ch\Users\userl\Desktop\090206%qsxls

Refering to a cell within an Excel worksheet, a reference style where both the rows and the columns on the
worksheet are numbered can be used. (In English version, the style is called “R1C1” reference style). This style

is different in linguistic versions of Excel and the error 00014 is caused. In this case, change a setting as below.

1. Close the analysis software.

2. Open “ExIReference.txt” file with a text editor software like “NotePad”. The file is in the folder which “BELmaster”
program is installed.

3. Edit the contents of the file as follow and save it. Following example shows the changing to German version
setting.

I ExiReference.txt - Editor

Datei Beatbeiten  Format  Ansichk 2
col=s
Row=2=

4. Run the analysis software again.
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Chapter 32: Sample analysis examples

This chapter shows analysis examples of typical samples.

32-1. Silica with mesopores

rption / desorption isotherm SAMPLE33.DAT] ™ (= e
Setting(S)  Window(W)  Heip(H) -8 x

1. The figure on the right shows Nitrogen adsorption isotherms

for three types of silica with mesopores (macropores).

Adsorption / desorption isotherm =

SAMPLEILDAT
SAMPLE33.DAT 900 L]

2. These adsorption isotherms display hysteresis (a part that .,
i

does not match between adsorption process and desorption
process), and are type IV adsorption isotherms.

Teey
o 00.0-00-6-0-00-0u0

U

3. From these conditions, we can determine that these samples

have mesopores.

0 0.5 1
4. Since mesopore analysis theory is based on the Kelvin _— : »lp,
equation, the BJH plot, DH plot, and ClI plot are suited for —— —
analysis. They are all based on the capillary tube T o) sty it e
condensation theory, and have almost no difference in the Sy || li-Hle
analysis results they provide. eI
5. The figure on the right is a result of the DH plot compared to o / ‘ / B
. Fr . 3 f v,lm?g] 098
the adsorption process. The distribution of pores can be = | o el )
obtained from the adsorption process. _— b 71 C
@@% ! /
o \ ¢
~ @@@@f \g f@ }‘@
" @—@N@s@@" . )@@@@c
1 10 100
6. When the DH plot is used to the desorption process, the
. . . . . . . 7 BELMaster - [DH-Plot SAMPLELDAT] =)
result is shown in the figure on the right, the pore distribution |[5 e wase s wimw eow Cex
in the neck area (thinner part) can be obtained from the Swmsion | DhPlet o8 swmenoaTo)
. “’” : @O SAMPLE33.DAT(DES
desorption process. SO
0.4 A

v, [m3 g1] 1.0019

5 TppesArea) [im] - 9.23
s J\ / B TEegn asn
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7. The figure on the right is the analysis result of a t -plot.

! BELMaster - [t-Plot SAMPLE33.DAT]

| EE

nalysis(

(&)  setting(s)

Window(W) _ Heb(H)

sorption / desarpti
SAMPLED3.DAT
SAMPLE31.DAT
SAMPLE3.DAT 900
SAMPLE31.DAT

SAMFLE03.DAT
SAMPLE3L.DAT
SAMPLE33.DAT

& DH method
SAMPLE03.DAT
SAMPLE31.DAT
SAMPLE33.DAT

600

v, fom’ (STP) g

300

t-Plot

«°

@O SAMPLED3.DAT(ADS)
©O) SAMPLE3LDAT(ADS)
©© SAMPLE33.DAT(ADS

Starting point 0 > Endpoint 0

starting point 0 > endpont 0

8. Data obtained using the BET plot, DH plot, and t plot are shown in the table below. We can evaluate sample

information (specific area, pore volume etc.) from more than one analysis.

Sample

SiicaA |

Silica B

Silica C

BET plot

Specific surface / m?g™!

DH plot

[Adsorption process]
Mesopore radius range / nm
(Distribution peak value) / nm

5to 18 (14)

up to 55 (37)

[Adsorption process]

0.99

[Desorption process]
Mesopore radius range / nm

3t09(5.7)

3to 11 (8.8)

up to 35 (22)

—_—

Mes

Desorption process]

t plot
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32-2. Activated carbon with micropores

1. The figure on the right shows Nitrogen adsorption
isotherms for three types of activated carbon with
micropores.

2. These adsorption isotherms have high adsorption volume
at a relative low pressure range, and show a type |
adsorption isotherm.

3. From these conditions, we can determine that these
samples have micropores.

4. The BET plot calculates the specific area from the
monomolecular layer adsorption volume, so evaluation of
a specific area will be difficult if the sample pore width is
less than 2x the molecular diameter of the adsorbate.

5. The figure on the right is the BET plot from these activated
carbons. Activated carbon C has the smallest pore
diameter, and the deviation from a straight line is large.
Select the range for the straight line so that the C value
will be a positive value at relatively low pressure. Then
calculate the specific area.

6. The figure on the right is the t-plot of these activated
carbon samples. It is difficult to obtain the total specific
area for activated carbon C. Also, as the pore diameter
get smaller, the result may be greatly affected by the
micropore effect and the total specific surface value will be
larger than the actual value.

7. The analysis results from an MP plot are shown on the

right.
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! BELMaster - [Adsorption / desorption isotherm SAMPLES2DAT]

(=&

% Fie() Analyss() Settng(S) Window(W) Help(H)

-8 x

SAMPLES3.dat
SAMPLE20.DAT
SAMPLEB2.DAT 1200

Adsorption / desorption is

otherm

00 60 00

»
&
3

V, fem*(STP) &'

| SAMPLES3.dat(ADS)
SAMPLES. dat(DES)
SAMPLE20.DAT (ADS)
' SAMPLE20.DAT(DES)
SAMPLES2.DAT (ADS)
SAMPLES2.DAT (DES)

1 BELMaster - [BET-Plot SAMPLEB2DAT]

(=[G e

P Fie(E) Analysis(d) Settng(S) Window(W) Help(H)

= Adsarption / desorpt]
SAMPLES3.dat BET-Plot
SAMPLE20.DAT @l
AMPLES2.DAT 4.5E-03

AMPLES3.dat
SAMPLE20.DAT Q

SAMPLES2.DAT

]
H

<

3.0E-03

Total

P Vo(po-p)

1.5E-03

0.0E+00

SAMPLER3. dat(ADS)
SAMPLE20.DAT(ADS)
SAMPLES2.DAT(ADS)

Starting point |1 [ End point |1

pore volume[cm? g-1] 04334
(plpy=0.990)

i+ BELMaster - [i-Plot SAMPLES2.DAT]

(=[G e

le(E)  Analysis(A)  Setting(5) Window(W)  Help(H)

= Adsorption / desarp]
SAMPLES3.dat t-Plot
SAMPLE20.DAT
SAMPLES2.DAT 1200

- BET method
SAMPLES3. dat
SAMPLE20.DAT
SAMPLES2.DAT

SAMPLES2.DAT
SAMPLES3.dat
SAMPLE20.DAT
SAMPLES2.DAT

»
&
3

v, fom’ (STP) '

t /nm

©O SAMPLES3.dat(ADS)
©0) SAMPLE20.DAT(ADS)
©@® SAMPLES2.DAT(ADS)

starting point (0 5| End point [0

Startingpoint 0 2| End point 0

=/ BELMaster - [MP-Plot SAMPLES3 dat]

=[G e

P Fie(E) Analysis(a) Settng(S) Window(W) Heb(H)

-8 x

- Adsorption / desorpti
SAMPLES3.dat WP-Plot
SAMPLE20.DAT
SAMPLES2.DAT 3

©® SAMPLES3.dat{ADS)
©0 SAMPLE20.DAT(ADS)

&5 BET method
SAMPLES3.dat
SAMPLE20.DAT
SAMPLES2.DAT

SAMPLES2.DAT
£+t method
SAMPLES3.dat 2

SAMPLE20.DAT
SAMPLES2.DAT

ERMP method
SAMPLES3.dat
SAMPLE20.DAT
SAMPLES2.DAT

dv, I dd,

2 m2g1]
A Smeah

v, [m? g1
@, e [

p
d, /nm

©O SAMPLES2.DAT(ADS)

24015
54.370
1.2506
0.90




8. The figure on the right is the HK plot of activated

carbon C.

9. The table below sums up the data obtained using a BET plot, t plot, MP plot, and HK plot. From multiple analysis

SAMPLE20.DAT

SAMPLES2.DAT 3
BET method
SAMPLES3.dat
SAMPLE20.DAT
SAMPLES2.DAT

SAMPLES2.DAT
nethod
ll - sampLess.dar

SAMPLE20.DAT
‘SAMPLES2.DAT

MP method
SAMPLES3.dat
SAMPLE20.DAT
SAMPLES2.DAT
‘SAMPLEB2.DAT

0

v, 1 dd,

TV S

!
2&_

/
d, /m

e [N] 056

SELMaster - [HK-Plot SAMPLEE2DAT] (B

¥ Fie(f) Anabyss(d) Settng(s) Wndow(W) Heb(H) NElE
5 Adsorption / desorpt P —
SAMPLES3.dat HK=Plot ©@© SAMPLES2.DAT(ADS;

methods, we can evaluate sample information (such as the specific area and pore volume).

Sample Activated carbon A | Activated carbon B ‘ Activated carbon C
S iy
2520 1410 (1070)
BET plot C value (relative pressure range)
RV R a0 [ 2000
(0.01 t0 0.2) (0.02 to 0.08) (0.005 to 0.05)
_____________________ letlsecaiicl e
2550 1600 (1370)
_________ el epssiisuiesimie |
100 60 20
Micropore specific surface / m?g™’
tpt | w0 | wo | R
______________________ MEEsTevelmoi e
1.17 0.55 0.41
__________________________ el
0.95 0.71 -
Micropore width range (Peak value of distribution) / nm
MERlot T 07101509 | 04101.1(080) | 041008(060)
Micropore width range (Peak value of distribution) / nm
MP plot [
- - 0.4 t0 0.7 (0.56)
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Chapter 33: Major changes from version 5

- A sub window was added to the analysis screen.
- The analysis report function is available with Excel 2007.
- Summary report output is enabled with the analysis report function.
- PCT curve was added.
- For mesopore analysis, the INNES method was added.
- For the BJH, CI, DH and INNES methods, integrated pore volume and pore surface area in a specified range
can be displayed.
- For the SF and HK methods, analysis point intervals were changed to “dp: 0.025” and “rp: 0.0125”.
- For t-plotting, adsorption or desorption can be selected.
The standard t curve of t-plot method was revised. (Graphitized carbon and non-graphitized carbon, silica,
alumina, Document values, 2 items)
“as” was added as the unit of Y-axis for adsorption isotherm.
- For BET analysis, the first point (0, 0) was added.
- For the BJH, CI, DH, MP, SF and HK methods, the units of the Y axis were unified to “dV/dr,, dVp/d(log rp),
dVp/ddp, dVp/d(logdp), ZVp'.
“RH%” was added as the unit of the X axis of adsorption isotherm.
“wt%” was added as the unit of the Y axis of adsorption isotherm.
Saturation vapor pressure can be changed in “Edite data” of the “Tool” menu.
Up to ten graphs can be overlapped.
BET analysis, Type | isotherm analysis (1ISO9277) and 1-point analysis were added.
For analysis of isosterioc heat of adsorption, analysis using three adsorption isotherms is enabled.
“6 (Surface coverage)” was added as the unit of X-axis for analysis of isosterioc heat of adsorption.
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Chapter 34: Standard isotherm

This chapter describes how to add a standard isotherm that is used for micropore analysis (t plot, as plot, and MP
plot) to a mesopore analysis (DH plot, BHJ plot, and CI plot).

34-1. Standard isotherm

Micropore analyses (t-plot, as plot, and MP plot)
and mesopore distribution analyses (DH plot, BJH plot,
and Cl plot) use a standard isotherm for their analyses.
In nitrogen adsorption, this analysis program comes
with data from 4 nonporous samples (silica, carbon 2.0

Standard isotherms for N»

(Graphitized Carbon and non-Graphitized Carbon), o Alumina @
and alumina) , the standard t curves of Hrkins-Jula and a Carbon o:»gA
FHH (Frenken-Halsey-Hill), and tow standard o curve 2 Silica o%e
for nonporous samples. Due to the difference of 1.5 + o |
mutual effects between a sample surface and an 4 Harkins—Jura ¢
adsorbate (nitrogen), there is a difference in the X FHH

standard isotherm shown in figure 1. For this reason,
we need to select a standard isotherm that is most like
the surface characteristics of the sample. Especially,
in the analysis of micropores, the standard isotherm
selected greatly affects the results. Therefore, the
“standard isotherm” is one of the most important
parameters. In order to get better analysis data, a
new standard isotherm can be added with some
samples. A standard Hrkins-Jual t curve can be
obtained using the equation below.

0.0 0.2 0.4 0.6 0.8 1.0

2 Ppo
13.
t=0.1x 3.99
_ P Figure1: Standard isotherm using BEL
0.034 logm( Oj SORP analysis program

(M

In addition, the standard FHH isotherm can be calculated using the equation below.

3

t =0.354 =300 @)

h{pJ
Po

The standard FHH t-curve matches well with an actually t-curve measured at a higher relative pressure range.
However, it does not match in the medium and lower pressure ranges. Therefore, the analysis methods that use a

standard t-curve in a relatively low pressure range, such as the t-plot and MP plot, may cause significant error and we
cannot recommend use FHH for these methods.
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1) Data configuration of a standard isotherm
The “standard isotherm” files are stored in the same directory where this software installed. The standard
directory is “C: BEL JAPAN INC /T-DATA”
- Data configuration of a standard isotherm for t plot analysis
The standard isotherm file for a t plot has file name extension of “.t".

File name Sample
“Silica-BET.t” Silica
“NGCB-BEL " non-Graphitized
Carbon
“GCB-BEL.t" Graphitized Carbon
“Alumina.t” Alumina
“Harkins-Jula.t” -
“FHH.t’ -

File format: Since the file is encrypted, it cannot be read with commercially-available spreadsheet
software.

- Data configuration of a standard isotherm for as plot analysis
Standard isotherm file for as plot: Extension of file name is “.as “.

File name Sample
“Silica-BET.as” Silica
“NGCB-BEL .as” non-Graphitized
Carbon
“GCB-BEL.as” Graphitized Carbon
“‘Alumina.as” Alumina

File format: Since the file is encrypted, it cannot be read with commercially-available spreadsheet
software.

2) How to create a standard isotherm

1. Preparation of standard isotherm data
Read the adsorption volume (V / cm3(S.T.P.) g') compared to the relative pressure from a nitrogen adsorption
isotherm graph of a non-porous sample that is going to be added as a standard isotherm. For details about the
relative pressure to be read, see the relative pressures of standard isotherms attached to this program.

2. Conversion of adsorption volume
Convert the adsorption volume obtained in step 1 above, into a unit for the standard isotherm being created.
- To create a standard isotherm for t plot, MP plot, and mesopore distribution analysis:
Convert adsorption volume (V / cm3(S.T.P.) g'') to adsorption layer thickness (t / nm). Here, Vm is monomolecular
layer adsorption volume, and 0.354 is the monomolecular layer thickness.

t= Vo x 0.354
m
- When to create a standard isotherm for the as plot:
Convert adsorption volume (V / cm3(S.T.P.) g-1) to as (use an adsorption volume of relative pressure P/Po=0.4 as
1). Here, Vo4 refers to the adsorption volume (V / cm3(S.T.P.) g™') at relative pressure P/Po=0.4.

3. Create a standard isotherm
Using a text editing program (such as “Memo pad”), create a standard isotherm file. Create a file in a text format
with items separated by commas. Refer to “1) Data configuration of the standard isotherm” on page 157.

4. Save the standard isotherm file
Save the “standard isotherm data” you created in the directory where this program is installed. For file name
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extension, refer to the above 1).

- Data configuration of a standard isotherm for t plot analysis
Record structure:

For standard isotherm data configuration, refer to the table below.

Record . S Detail of
number Record detail Detail of item “Carbon.t” file
1 Header 1 Comment Standard t-curve for
Carbon
2 Header 2 Sample name “Carbon”
3 Header 3 Comment 1: Adsorbate, Adsorption temperature / K “N2”, 77.00,78.00
4 Data header Number of data [N] 100
5 Data 1 1st data: Relative pressure [p/po(1)], adsorption layer 0.01, 0.2686
thickness [t/ nm(1)]
2nd data: Relative pressure [p/po(2)], adsorption layer
6 Data 2 thickness [t/ nm(2)] 0.02, 0.2933
N+3 Data N N th data: Relative pressure [p/po(N)], adsorption layer 0.995, 16.999
thickness [t/ nm(N)]
- Data configuration of a standard isotherm for as plot analysis
Record configuration:
Record Record detail Detail of item « petallf)f.
number Sio2.as” file
1 Header 1 Sample name “Silica”
2 Header 2 Comment 1: Adsorbate, Adsorption temperature / K “N2”, 77
Comment 2: Adsorbate density, Number of molecules, Specific 0.808.28.02 6
3 Header 3 area of the standard sample, Adsorption volume at relative 26 2 1'78. a
pressure 0.4 /cm3(STP)g"! -
4 Data header | Number of data [N] 71
1st data:
5 Data 1 Relative pressure [p/po(1)], Adsorption volume [« s(1) / (p/po.4) = | 0.01,0.44
1]
2nd data:
6 Data 2 Relative pressure [p/po(2)], Adsorption volume [ a s(2)/ (p/pop.4) = | 0.02,0.48
1]
N th data:
N+4 Data N Relative pressure [p/po(N)], Adsorption volume [« s(n) / (p/pop.4y | 0.99,10.04
=1
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Chapter 35: Measurement data file

35-1. Measurement data I

BEL SORP series “measurement data” are stored at each measurement step. During measurement, a
“measurement data” file can be opened using this analysis program, and data can be analyzed, so that you can
always see the measurement conditions.

In addition, the “measurement data” file is a text format file with items separated by commas. You can read the data
using any commercial spreadsheet program.

“ Do not use any other program (except this analysis program) to open the “measurement data file” while making
measurement. The measurement program won't be able to keep writing data.

The “measurement data” files are stored with file names that were specified during measurement. When you
measure chemical adsorption using the BEL SORP 18, or BEL SORP 28SA, “-n th” will be added at the end of each
file name. The file name extension is “.DAT”. The record configuration produced by each model is shown below.

35-2. BELSORP 28SA, BELSORP 18, and BELSORP HP series

Record structure:

Record number Record details
Header record 1
Header record 2
Header record 3
Header record 4

Adsorption measurement data

header record

Adsorption measurement data

record

AP WON -

(o]

Desorption measurement data
header record
Desorption measurement data
record

Individual record details:
[Header record 1]
I DATEMES | TIMEMES COMMENT 1 COMMENT 2 COMMENT 3 | COMMENT 4 | DMY CrLf
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- Field details

No. Data name Item detail Format Initial value | Measured value
1 DATEMEAS Measurement start date “YY/MM/DD” O
2 TIMEMEAS Measurement time “HH:MM:SS” [®)
3 Comment1 Comment 1st line XXX ~~~X o
4 Comment2 Comment 2nd line XXX ~~~X O
5 Comment3 Comment 3rd line XXX ~~~X ©)
6 Comment4 Comment 4th line XXX ~~~X o
7 DMY “0.000000” - - -
[Header record 2]
I SERIAL_NO VERSION DMY CrLf
- Field details
No. Data name Item detail Format Initial value | Measured value
1 SIRIAL_NO Measurement device Serial No. XXX~~~X - -
2 VERSION BEL-WINDOWS Version No. XXX~~~X - -
3 DMY “0.000000” - - -
Header record 3
SW (Vs |Vd | EQ |AD | TEMP1 | TEMP2 | PO | C | ANLS1 | ANLS2 | ANLS3 | ANLS4 | CrLf
T S S
- Field details
No. Data name Item detail Format Initial value | Measured value
1 SW Sample weight (g) 9.99999 ©)
2 Vs Device main housing standard volume (cc) Z279.99999 ©)
3 Vd Sample dead volume (cc) Z279.99999 ®)
4 EQT Equilibrium time (Pa/min) Z279.99999 O
5 ADS Adsorbate name XXX ~~~X O
6 TEMP1 Thermostatic chamber temperature ("C) 279.9 O
7 TEMP2 Adsorption temperature (K) 279.9 O
8 PO Saturated vapor pressure (Torr) 2779.999999 ®) O
9 CS Adsorption cross section area (nm?) Z79.999 [®)
10 ANLS1 Sample molecular.volume (Written by the 279 999 ) )
analysis program)
1 ANLS2 Adsorbate moleculqr volume” (Written by 779 999 ) )
the analysis program)
12 ANLS3 Sample specific ;urface (Written by the 9 999E + 79 ) )
analysis program)
- 3 .
13 ANLS4 Sample density (g cm) (Written by the 29.999 ) )
analysis program)

- Vs is one of 4 types, depending on the measurement conditions.
- “Saving sample density” is a function recently added to version 5.00 of the analysis program. Please note that if a

file is opened (operations such as “edit data,

file will not be readable by previous versions of the analysis program.

[Header record 4]

save in a file” etc.) using version 5.00 of the analysis program, the

I REFILE REDATA N REDATA_K CrLf
- Field details
No. | Data name ltem detail Format Initial value | Measured value

1 REFILE Wall surface adsorption correction file name | XXX~~~X ©)

2 | REDATA N N valug for wall surface adsorption 9 999E + 79 o
correction

3 | REDATA K K valueT for wall surface adsorption 9 999E + 79 o
— correction

[Adsorption measurement data header record ]

[ K

CrLf
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- Field details

No. | Data name Item detail Format Initial value | Measured value
1 K Number of adsorption measurement points. 279 O
[Adsorption measurement data record]
[ Pi(n) | PE(n) | PE2(n) | PO(n) | V(n) CrLf

- There are the same number of records as the number of adsorption measurement points.

- Field details
No. | Data name ltem detail Format Initial value | Measured value
1 PI(n) Introducing pressure (Torr) 2779.99999 ©)
2 | PE(n) Open adsorption balance pressure V11 (Torr) 2779.99999 O
3 | PE2(n) Open adsorption balance pressure V11 (Torr) 2779.99999 O
4 | PO(n) Saturation vapor pressure (Torr) 2779.99999 O O
5 | V(n) Total adsorption volume (ml[S.T.P]/g) 2779.99999 Calculated value
[Desorption measurement data header record
(L Crif
- Field details
No. Data name ltem detail Format Initial value | Measured value
1 L Number of desorption measurement points. 279 O
[Desorption measurement data record]
[ PIn) | PE(n) | PE2(n) | PO(n) | V(n) CrLf
- There are the same number of records as the number of desorption measurement points.
- Field details
No. Data name Iltem detail Format Initial value | Measured value
1 Pl(n) Introducing pressure (Torr) 2779.99999 ©)
2 | PE(n) Open desorption balance pressure V11 (Torr) 2779.99999 ©)
3 | PE2(n) Open desorption balance pressure V11 (Torr) 2779.99999 ©)
4 | PO(n) Saturation vapor pressure (Torr) 2779.99999 ®) ©)
5 | V(n) Total desorption volume (mlI[S.T.P]/g) 2779.99999 Calculated value

Detail of the sample file:
See the attached document 1: “Sample of measurement data file (BE SORP 18, 28 series)”
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35-3. BELSORP-mini, BELSORP-max, and BELSORP-aqua3 series

Record structure:

Record number Record details
1
2 | Device Title ]
3 | informatio
4 | n Device serial number
5 Standard volume/ml
6 — ——
7 Title
8 | ]
9 | Measure Adsorbate name
10 | ment Adsorption temperature/K
11 conditions Adsorption cross section
- area/nm?
12 | Adsorption molecular weight
13 | Equilibrium time/sec
14 Measurement mode
15
16 Title
17 | O
18 | Specimen weight/g
19 L Samole Comment 1
20 — informpatio Comment 2
21 | n Comment 3
22 Comment 4
23 [ Specimen specific surface/m?
| g’
24 | Specimen molecular weight
25 Specimen density/g cm
26 | ]
27 [ Title ]
28 | Time,
29 dead Measurement start date
30 [ volume, Measurement time
31 [ etc. Dead volume inclination
32 [ Dead volume slice
33 [ Initial dead volume /ml
34 | ]
gg — Title —]
37 .
38 [ Aﬂsgarf;lo Adsorption measurement data
| record ]
— Title —]
[ Dﬁsgarguo Desorption measurement data
| record ]
v
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Each record detail:
Device information]

No. | Data name Item detail Format Initial value | Measured value
1 ===~~~
2 | DMY Title Device information
3 peteef e NS 2
4 (S)lRIAL—N Device serial number XXX~~~X (@]
5 |VS 0 Standard volume/ml 9.999 O
[Measurement conditions]
No. Data name ltem detail Format Initial value | Measured value
1 ===~~~
2 DMY Title Measurement conditions
3 et NS 2
4 | Adsorbate name | Adsorbate name XXX ~~~X (@]
5 Adsorption Adsorption 77999 o
temperature temperature/K
6 Adsgrptlon Cross Adsgrptlon cross2 9.999 o
section area section area/nm
7 |- Ad§orpt|on molecular 0.00 fixed o
weight
g | Adsorption Equilibrium time/sec 7779 o
equilibrium time
Number of
9 | measured Measurement mode 9 (@]
specimen
Sample information]
No. | Data name Item detail Format Initial value | Measured value
1 peteef e NS 2
2 | DMY Title Sample
information
3 peteef e NS 2
4 | Sample weight | Specimen weight/g 9.9999 ®)
5 | Comment(1) Comment1 XXX ~~~X ©)
6 | Comment(2) Comment2 XXX ~~~X O
7 | Comment(3) Comment3 XXX~~~X (e}
8 | Comment(4) Comment4 XXX ~~~X ©)
9 |- Specimen specific 0.0000 fixed o
surface/m® g
10 | - Specimen molecular weight 0.00 fixed ®)
11 Specimen density/g cm3 0.00 fixed
Time and dead volume]
No. Data name Item detail Format Initial value | Measured value
1 _——T e~ D
2 DMY Title Time and dead volume
3 _——T e~ D
Measuremen
4 t start date Measurement start date yy/mm/dd O
5 Mf—:asuremen Measurement time hh:nn:ss (@]
ttime
vd a Inclination of dead 9 9999E+9 o
— volume
7 |Vd b Slice of dead volume 9.9999E+9 O
8 | Ads Vd Initial dead volume/ml Z79.999 O
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Adsorption data]

No. | Data name Iltem detail Format Initial value | Measured value
1 ===~~~=
g DMY Title Adsorption data
4 1
5 - Adsorption measurement data record - O
*1 “No.” “Pe/kPa” “PO/kPa” “Vd/ml” “V/mI(STP) g™
[Adsorption measurement data record]
- Adsorption data continues until the last record is 0.
- Field details
No. | Data name Iltem detail Format Initial value | Measured value
1 11 Adsorption point No. 229 [®)
2 | PeT Adsorption balance pressure pe/kPa Z79.999 O
3 | Ads PO Saturated vapor pressurepo/kPa Z779.999 O
4 | Ads Vd Varied dead volume Vd/ml Z779.999 O
5 | Ads V Adsorption volume V/mI(STP)-g-" Z779.999 O
[Desorption data]
No. | Data name Iltem detail Format Initial value | Measured value
1 ===~~~ ~=
g DMY Title Desorption data
4 1
5 |- Desorption measurement data record - O
*1 “No.” “Pe/kPa” “PO/kPa” “Vd/ml” “V/mI(STP)g™"
[Desorption measurement data record]
- Desorption data continues until the last record is 0.
- Field details
No. Data name Iltem detail Format Initial value Measured value
1 | Desorption point No. 279 ©)
2 PeT Desorption balance pressure pe/kPa Z79.999 ©)
3 Des_PO Saturated vapor pressurepo/kPa Z779.999 ®)
4 Des Vd Varied dead volume Vd/ml 279.999 O
5 Des_V Desorption volume V/mI(STP)-g™' Z279.999 O

Detail of sample file:

See attached document 2: “Sample of a measurement data file (BELSORP - mini series)”
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Attached document 1: “Sample of a measurement data file (BELSOPR18, 28 series)”

Record number

OCO~NOOOTHAWN -

73
74

76
77

79
80
81
82

84
85

87
88

“00/04/227,"18:56:34","M11-02",","*,*,0

“8080”,” TBELSORP 28 SA] ”,.95
.1845,33.07,39.6463857184048,300,”’N2",40,77,2587.60289848465,.162,0,0,0,0
“,0,0

57

30.22499,0.13655,0.16704,756.68931,6.15605
10.28261,0.20439,0.24255,756.51823,8.21997
10.35934,0.32888,0.37448,756.80775,10.26193
10.52676,0.64678,0.69666,756.62614,12.22716
10.84904,1.67837,1.71592,756.73668,13.87114
11.81831,4.06460,4.08934,756.66299,14.88598
14.26987,7.45042,7.47406,755.77563,15.45714
17.66201,11.15716,11.18962,755.94709,15.88117
21.34052,15.09593,15.12642,756.05763,16.19107
25.31851,19.21405,19.25691,756.01026,16.42748
29.47220,23.45081,23.50152,756.03131,16.61446
33.65731,27.71785,27.77536,755.56131,16.77515
38.00204,32.03359,32.10471,755.63125,16.92815
42.26915,36.36144,36.43583,755.86813,17.06268
46.67603,40.70449,40.79249,755.77563,17.20579

48
861.80426,750.38212,752.03030,757.29842,185.46872
638.56709,741.92819,743.53276,757.08410,165.95147
662.16834,736.31258,737.90989,757.26834,151.75361
662.21107,730.20865,731.75917,757.08410,138.94215
658.07261,724.28785,725.87499,757.23074,126.46182
650.24738,717.29885,718.88163,757.53154,114.06537
643.81385,710.46246,712.00687,758.04741,101.71506
629.81668,699.01760,700.53150,757.32098,89.98415
624.44610,683.60519,685.07637,757.00515,81.30382
625.33320,670.08500,671.51345,756.91039,75.12944
618.04308,657.17520,658.60467,756.89987,69.96938
595.51961,640.11473,641.51877,756.75247,64.70894
592.39236,625.00752,626.35924,756.53139,61.43650
583.92826,611.54837,612.92189,756.59907,58.79593
573.27691,598.63857,599.93580,756.75247,56.48001
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Attached document 2: “Sample of a measurement data file (BELSOPR-mini series)”
Record number

Device information
“Device serial number:” 4Port
“Standard volume/ml:” 9.017

Measurement conditions

OO N O hWN -

“Adsorbate name:” N2
10 | “Adsorption temperature/K:”  77.00

11 | “Adsorption cross section area/nm2:” 0.162
12 | “Adsorption molecular weight:” 0.00

13 | “Equilibrium time/sec:” 300

14 | “Measurement mode:” 2

15 === ==

16 | Sample information

17 === ==

18 | “Specimen weight/g:” 0.3039

19 | “Comment 1. “CB”

20 | “Comment 2:”

21 | “Comment 3:”

22 | “Comment 4:”

23 | “Specimen specific surface/m2-g-1:” 0.0000
24 | “Specimen molecular weight:” 0.00

25 | “Specimen density:” 0.00

26 === ==

27 | Time and dead volume

28 === ==

29 | “Measurement start date:” 2004/04/12

30 | “Measurement time:” 24:25:09

31 | “ Dead volume inclination:” -1.547E-06 32

32 | “ Dead volume slice:” 1.387E+01

33| “ Initial dead volume/ml:” 13.748

34 === ==

35 | Adsorption data

36 === ==

37 | “No.” “Pe/kPa” “PO/kPa” “Vd/ml” “VImI(STP) g-1”

38| 1 0.011811 103.47 13.723  4.4456

39| 2 0.039506 103.4 13.691 9.3174

40 | 3 0.30627 103.35 13.668 13.92

41 | 4 2.6323 103.29 13.653 16.056

42 | 5 4.8454 103.24 13.639 16.629

87 | 50 10329 103.44 13299 543.96

88| 0 0 0 0 0

89 === ==

90 | Desorption data

91 === ==

92 | “No.” “Pe/kPa” “PO/kPa” “Vd/ml” “VImI(STP) g-1”

93 | 1 100.53 103.34 13.281 518.6

94| 2 100.17 103.38 13.269 4945

95| 3 99.939 103.41 13.254  467.91

96 | 4 99.757 103.47 13.239 441.73

97 | 5 99.593 103.47 13.225 416.01
126 | 34 20968 10312 12.547 24.388
127 | O 0 0 0 0

Ver.2.3.1 2013/08/27
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