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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may;be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions [related to conformity assessment, as well as information about ISO's adherence fo the
World Trade|Organization (WTO) principles in the Technical Bafriers to Trade (TBT), see www.is¢.org/
iso/foreword.html.

This documgnt was prepared by Technical Committee ISO/TC 45, Rubber and rubber products,
Subcommitt¢e SC 3, Raw materials (including latex) fépuse in the rubber industry.

This third edition cancels and replaces the second edition (ISO 4652:2012), which has been techilically
revised. Themain changes compared to the prévious edition are as follows:

— the former method A has been updated as an automatic volumetric method (method B);
— the former method B has been removed;

— the formper methods C and?D have been updated as an automatic gas chromatography method
(method|A);

— 4.4 has Heen clarified;

— Annex Blon precision data has been added.

Any feedback or.questions on this document should be directed to the user’s national standards bpdy. A

1 3 £ Lads La f 2| 3 / 1. 1 1
Complete llst1115 OT tucoc lvAvivsicnpercssmuiemyvivesivy at VWV WL ISUTOT e TITICTITOTT S
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Introduction

The specific surface area of carbon black is an important element which categorizes the type of carbon
black. In this document, nitrogen adsorption at the relative pressure of 0,3 is measured to determine
the specific surface area (the single-point method). The single-point method can be a reasonable
alternative for process management and shipping management after testing with the multi-point
method in ISO 18852, because the measurement time is shorter and relative magnitude of the specific
surface area among the samples is kept.

The multi-point method determines specific surface area on the basis of monolayer amount of nitrogen
adsorbed (V) which is derived by Formula (1):

Vi, =1/(M+B) (1)

where

M is the slope of the BET plot (see ISO 9277);
B isthe intercept of the BET plot (see ISO 9277),

The s|ngle-point method simplifies this technique by assuming thelintercept (B) as zero and calculating
the slope (M) with the straight line joining the origin and the“point at the relative prgssure of 0,3.
Thergfore, the monolayer amount and specific surface areaidetermined by the single-point method is
always lower than those determined by the multi-point method.

Althogh most of the operation is done automatically, the operator should be familiar with the operation
and f¢llow the instruction manual.

© IS0 2020 - All rights reserved v
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INTE

RNATIONAL STANDARD ISO 4652:2020(E)

Rubber compounding ingredients — Carbon black
— Determination of specific surface area by nitrogen
adsorption methods — Single-point procedures

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its

use. It is the responsibility of the user to establish appropriate safety and health pra

ctices.

1 Sicope

locument specifies two methods for the determination of the specific surface area
s of carbon black for use in the rubber industry:
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— jethOd A: automatic gas chromatography method (carrier gas method};

ethod B: automatic volumetric method.

what different results might be obtained from the two methods. The degassing proc
ben method A and method B, and it is important to investigate the possibility of ¢
s by using standard reference blacks.

is the preferred method.

methods are not applicable to porous carbon blacks.

ormative references

are no normative references.in-this document.

erms and definitions
'ms and definitions.dare listed in this document.

nd IEC maintain‘terminological databases for use in standardization at the following

$0 Onliné.browsing platform: available at https://www.iso.org/obp

C Electropedia: available at http://www.electropedia.org/

of types and

edure differs
rrecting the

bsults might also differ from those obtained usitig:the multipoint method specified in ISO 18852,

addresses:

4 Method A: Automatic gas chromatography (carrier gas method)

4.1

Principle

The mixed gas of helium and nitrogen (volume fraction 70 % and 30 %, respectively) is dosed to the
degassed sample at the temperature of liquid nitrogen. The nitrogen in the mixed gas is adsorbed on
the surface of a test portion of carbon black, so that the composition of the gas changes. The nitrogen
is then desorbed by warming the test portion and the ratio of the mixed gas changes again. Since the
thermal conductivity varies depending on the mixed gas concentration, it is possible to determine the
amount of absorbed nitrogen gas using the thermal conductivity detector (TCD) of the system. Almost
all the operations are automatically performed.

© IS0 2020 - All rights reserved
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4.2 Apparatus

4.2.1 Automatic gas chromatography specific surface area measurement system, incorporating a
thermal conductivity detector as well as the following devices.

— Dewar flask, for liquid nitrogen, of a size to contain the liquid nitrogen and capable to keep the
adsorption cell cooled for a predetermined time.

WARNING — Use caution. Gloves and safety glasses should be worn as the temperature of the
liquid nitrogen is -196 °C.

— Heating
portion.

— Air blowr.

An example {s shown in Figure 1.

4

13
Key
1  buffer 8  Dewar flask
2 thermal ¢onductivity\detector 9  air blower
3  flowmetgr 10 connector
4  heating devige 11 calibration loop
5  pressure|gauge 12 mixed gas cylinder
6  adsorption cell (sample tube) 13 nitrogen cylinder
7  sample 14 degassing holder for the test portion

Figure 1 — Apparatus of automatic gas chromatography

4.2.2 Sample tubes, U-tube type, made of heat-resistant glass, of a size to fit the automatic gas
chromatography specific surface area measurement system used.

4.2.3 Pressure regulators, for helium-nitrogen mixed gas (4.3.1) and nitrogen gas (4.3.2).

4.2.4 Analytical balance, accurate to 0,1 mg.

2 © IS0 2020 - All rights reserved
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4.3.2
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Pipe cleaner.
Reagents

Helium-nitrogen mixed gas.

olume mixing ratio of helium and nitrogen is 7:3, and it is kept in a pressure vessel.

Nitrogen gas, of purity greater than 99,999 5 %.

4.3.3

4.4

Pellet
desirg

Prepa
speci
mass
deter

NOTE
surfad

stdinlddrd rererence pldck.

Preparation of the sample portion

s of carbon black may not be crushed. Unagitated, unpelletized carbon black may b
pd.

re a test portion by roughly weighing the mass of test portion giveiin Table 1. If the
ic surface area of the sample is not known, preliminary test may be carried out to d
of the test portion. The final mass of the test portion to be usedfor the calculation is
ined in 4.6.7, 5.5.2.2 and 5.5.3.5 of each procedure.

Generally a good precision is obtained when the mass of the test portion corresponds
e area between 10 m? and 20 m? as given in Table 1.

Table 1 — Recommended test portion masses

b densified if

approximate
etermine the
weighed and

to the specific

4.5

4.5.1
adsor

Carbon black series Specific surface area Mass of test portion
m?/g g
Higher grade than N100 >200 0,05
N100 120 to 150 0,08to 0,14
N200 100 to 120 0,1to 0,16
N300 70 to 100 0,14 t0 0,20
N500 40 to 60 0,25t0 0,33
N660 25t040 0,4t0 0,5
N700-N900 10 to 25 1,0

Degassingof sample

To ‘determine the specific surface area, it is necessary to degas the contaminati
bed on the sample surface before measurement. Connect an empty sample tube to t

g molecules
he degassing

hold

AL +1 e TS 1 R IS | h . | 41 1 . g c
- AILCT UIC TIIUTUZCIT 545 15 ITILTOUULCU TITLU UIT S4IITPIT LUDE, UIC tUDC 15 TTIIIUvVEU 110

n the holder

and promptly sealed with a lid or valve, and the mass in grams (m,) is recorded to the nearest 0,1 mg.

4.5.2 Put the prepared test portion (see 4.4) in the adsorption cell. Drop the specimen clinging on the
tube wall into the bottom with the pipe cleaner.

4.5.3 The sample tube with the sample (4.5.2) is connected to the degassing holder, and the nitrogen
gas of the appropriate flow rate (which does not scatter the sample) is introduced.

4.5.4 While introducing the gas, heat the sample at 300 °C = 10 °C by the heater for 15 min, then allow
it to cool to the room temperature to terminate the degassing process.

© IS0 2020 - All rights reserved
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4.6 Measurement procedure

4.6.1 After setting the degassed sample tube to the measurement unit and distributing helium-
nitrogen mixture gas (4.3.1), ensure that the baseline of the thermal conductivity detector is stable. Set
the baseline to zero.

4.6.2 After circulating helium-nitrogen mixture gas for a few minutes, the thermal conductivity
detector is turned on.

4.6.3 Cool the sample tube with the sample in the liquid nitrogen in the Dewar flask.

4.6.4 The baseline of the thermal conductivity detector becomes stable when the adsorption hag been
completed. Remove the sample tube out of the liquid nitrogen and warm it with the air blower fo the
room tempeiature.

To operate efficiently, degassing of the next sample portion may be done in parallel with the adsorption
and desorptipn process.

4.6.5 The peak area of the desorption is stored in the device or in the controlcomputer.

4.6.6 Calibjrate the thermal conductivity detector for the next portiof

Calibration {s intended to introduce a known volume of nitregen gas, a method using a syringe
and a volunje-tested calibration loop. In either case, high putity nitrogen is used after desofption
measuremert. Calibration is performed for each measurement, but it is also possible to use the values
which are deftermined by measuring thermal conductivity-of high purity nitrogen gas in advance.

NOTE In |the fully automatic measuring device, the procedures 4.6.1 to 4.6.6 are performed entirely
automatically]

4.6.7 Remgve the sample tube from the méasurement unit and wipe the water droplets, and medasure
the mass in grams (m,) to the nearest 0,1 mg: The mass of the sample in grams (m3) can be calculated by

Formula (2).
my =m, tmy (2)
where

m, is the total massof the adsorption cell, the nitrogen gas and the stopper or valve, in granps;

m, is the totalbmass of the adsorption cell, the nitrogen gas, the sample and the stopper or valve,
in grams;

m3 is the sample mass, in grams.

4.7 Validation
It is recommended to validate the device with standard reference black (SRB) periodically.

The specific surface area of the SRB corresponding to the varieties is measured by performing
the procedures in 4.5 and 4.6 and applying Formulae (3) and (4). When the difference between the
measured value and the nominal value exceeds +1,2 m?/g, calculate the correction factor, K, and apply
it to the test measurement in accordance with 4.8.2.

4 © IS0 2020 - All rights reserved
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4.8 Expression of results

4.8.1 Results without correction

Nitrogen adsorption specific surface area, S, is calculated by Formulae (3) and (4). The measurement
results shall be rounded to one decimal place.

% 1—i
a By 0,7:V,

Vm: = (3)

my my

vV

Sl =———xLxo x 10718 4
22700

wher¢

| is the volume of nitrogen which covers a monomolecular layer, in(cm3/g;

V

1}, isthe adsorbed volume of nitrogen measured, in cm3/g;
P| isthe equilibrium pressure, in Pa;

P, is the saturation vapour pressure of nitrogen, in Pa;

ms; is the sample mass, in grams;

S} is the nitrogen adsorption specific surfacefarea, in m2/g;
L| isthe Avogadro constant (6,022 x 1023);

o| isthe cross-sectional area of nitrggen molecule (0,162 nm?2).

NOTE 22 700 is the molar volume of nitrogen gas at the standard state (100 kPa and 273,15 K], in cm3.

4.8.2] Results with correction

The cprrection coefficient'(K) is calculated by Formula (5). Perform the correction of the measurement

resulfs by Formula (6).

K:S;»ﬂ (5)
m
S s =SwxK (6)
where
K is the correction coefficient;

Scrp  1s the nominal nitrogen absorption specific surface area value of SRB, in m?/g;

S,  isthe measured nitrogen absorption specific surface area value of SRB, in m?/g;

S'y  isthe corrected measurement result, in m?/g;

S, isthe measured nitrogen absorption specific surface area value of the sample, in m?/g.

Report S’y as a corrected test result.

© IS0 2020 - All rights reserved 5
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4.9 Correction by the multipoint nitrogen surface area (optional)

If the multipoint nitrogen surface area of the same series of carbon black as the test sample is available,
it is possible to convert the single-point test results to multipoint results by the calculation provided in

Annex A.

4.10 Test report

The test report shall include the following information:

a) all details necessary for complete identification of the sample;

b) areference to this document including its year of publication, i.e. ISO 4652:2020;

c) the method used, i.e. method A;

d) the test fesults (corrected value if corrected), in m?/g;

e) the corr¢ction factor and standard reference black used, if applicable;

f) the date|of the test.

5 Method B: Automatic volumetric method

5.1 Principle

A sample of ¢arbon black is placed in a cell of known volume'and degassed. Known volume of nit

gas is dosed
decreases td
equilibrium
in the cell. T
the system i

5.2 Appain

5.2.1 Automatic volumetric adsorption measurement apparatus, consisting of the foll

devices (see

Pressurg

Dewar f
cooled fd

The apparat

into the cell that is kept at the temperature-of liquid nitrogen. The pressure in th
the equilibrium due to the adsorption\by the sample. The adsorbed amount :
s derived from the difference between.the amount of the dosed gas and that of rems

measured with a gas that does notadsorb such as helium before the test.

atus

Figure 2).
transducer oxgauge, with 0,25 % accuracy of full scale at the range from 0 kPa to 13

ask, of a-size to contain the liquid nitrogen and being capable to keep the samplg
r a predetermined time.

usshall have a compartment of known internal volume (calibration volume), wh

rogen
e cell
1t the
inder

he pressure is measured together with the temperature in the system, and the volujme of

bwing

3 kPa.

tube

ich is

installed to

easure nitrogen gas volume to be dosed, calibrated by its manufacturer.

5.2.2 Adsorption cell (hereinafter called “cell”), made of glass and capable of maintaining a vacuum

at a pressure

NOTE

2,7 Pa or below when connected to the adsorption apparatus.

Two types of apparatus with different calibration method for the volume of the adsorption cell are

commercially available; those with which a calibration factor is applied to the volume of the blank cell prior to
testing, and those with which the volume of the cell with a sample is directly measured during testing (with or
without parallel measurement of the volume of another blank cell). Either type is suitable.

© IS0 2020 - All rights reserved
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4
[ ]
10
[ ]
11
Key
1  gressure transducer or pressure gauge 7  sample
2 qalibration volume 8  DewarAflask
3 alve 9  adapter
4 vacuum pump 10 nitrogen cylinder
5  Ijquid nitrogen level 11(\helium cylinder
6  ddsorption cell

Figure 2 — Apparatus of automatic volumetric adsorption measurement

5.2.3| Pressure regulators, for nitrogen (5.3.2) and helium (5.3.3) gas cylinders.

5.2.4| Degassing station and heating mantle.

The degassing apparatus((see Figure 3) has the function of removing the contaminatifg molecules
adsorped on the sample.by heating the cell with either purging gas or suction under redu¢ed pressure.
The hleating part shall miaintain the temperature of 300 °C + 10 °C.

© IS0 2020 - All rights reserved 7
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Key

1  valve 5 sample

2 pressureltransducer or gauge 6  heating device

3 vacuum pump 7  adapter

4 adsorpti¢n cell 8  nitrogen cylinder

Figure 3 — Apparatus of degassing holder for the test portion

5.2.5 Analytical balance, accurate to 0,1 mg.
5.2.6 Pipe|cleaner.

5.2.7 Glass rod.

5.3 Reagents

5.3.1 Liqujd nitrogen, of purity greaterithan 99,9 %.

WARNING — Use caution. Gloves @and safety glasses should be worn as the temperature of the
liquid nitrogen is -196 °C.

5.3.2 Nitragen gas, of puritygreater than 99,999 5 %.
5.3.3 Heliyum gas, of purity greater than 99,999 %.

5.3.4 Stan{lard reference black.

5.4 Preparation of automatic volumetric adsorption measurement apparatus
5.4.1 Turn on the automatic volumetric adsorption measurement apparatus and computer.

5.4.2 Connect the cylinders of helium and nitrogen to the automatic volumetric adsorption
measurement apparatus with gas tubes, and check if the secondary pressure of the regulator is as
specified by the manufacturer of the apparatus.

5.4.3 Make sure that there is no leakage between the connected tubes. Carry out gas purging for the
tubes to the apparatus when a new cylinder is attached or the apparatus is not used for a month or longer.

8 © IS0 2020 - All rights reserved
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5.4.4 Verify periodically that the error sources in the apparatus have been appropriately minimised in
accordance with the user's manual.

5.5

5.5.1

Degassing of sample

General

Prior to the measurement, it is necessary to degas the sample by either vacuum suction method (5.5.2)
or purge gas flow method (5.5.3) to remove contaminating molecules adsorbed on the sample surface.

5.5.2

5.5.2

— Vacuwmsuctonmethed — 000

1 Attach an empty cell to the adapter and evacuate it. After that, the cell is filled with

or helium gas of atmospheric pressure. Remove the cell from the adapter, quickly seal'it wit

recor

5.5.2
Drop

5.5.2

1 the weight (m,) in grams to the nearest 0,1 mg.

2 Take a test portion in accordance with the procedure in 4.4 and place it in the ad
the test portion clinging on the cell wall into the bottom by the pipe eleaner.

3 Connect the cell containing the test portion to the adaptér of the degassing stati

it by heating for 15 min or more at 300 °C * 10 °C while vacuuming. Then the cell is cooled

temp

For t

prature to terminate the degassing process.

volunpetric adsorption measurement apparatus and*“perform the vacuum-heating degas

follow
degas

5.5.2
Remo
imme
5.5.2
5.5.3

5.5.3
nitrog
adapt]

5.5.3

ing the instructions in the manual. Cool the cell to the room temperature to t¢
sing process.

4 After degassing, fill the cell with the same gas as used in 5.5.2.1 in the atmosphe
ve the sample cell from the adaptér;quickly seal it with a valve, and record the mass i
diately to the nearest 0,1 mg.

5 Sample mass in grams.(yn;) is calculated by Formula (2).
Purge gas flow method

1 Connectamempty cell to the adapter and open the valve connected to it. Insert g
en gas or Helium gas to the bottom of the cell and fill the cell with the gas. Remove the
er, seal itpromptly with a valve, and record the mass in grams (m,) to the nearest 0,1

2~ Take a test portion in accordance with the procedure in 4.4 and place it in the ad

nitrogen gas
h a valve, and

sorption cell.

bn and degas
| to the room

hose without a dedicated degassing station, attach the cell to the adapter of the automatic

sing process
erminate the

ric pressure.
n grams (m,)

gas tube for
cell from the

ng.

sorption cell.

Drop

hatoct nortion clinaging an tho coll vl it thao hottars by tha g
HEteStPporaehEeanRgngo6h e-CemWarHHtet1He-B5ettomBytepipe

creorcTs

5.5.3.3 Connect the cell to the adapter and open the valve connected to the cell. Insert the gas tube
used in 5.5.3.1 again to the bottom of the cell and apply an appropriate amount of gas flow (which does
not scatter the sample). After heating the sample for 15 min or more at 300 °C + 10 °C while introducing
the gas, cool the cell to the room temperature to terminate the degassing process.

5.5.3.4 Remove the cell from the adapter and seal it promptly with the valve as in 5.5.3.1. Measure and
record the weight of the sample tube in grams (m,) immediately to the nearest 0,1 mg.

5.5.3.5 Sample mass in grams (ms) is calculated by Formula (2).
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5.6 Measurement procedure

5.6.1 Set the automatic volumetric adsorption measurement apparatus to measure the nitrogen
volume adsorbed at the relative pressure of 0,3.

5.6.2 Connect the degassed cell (5.5) to the adapter of the measurement apparatus (5.2.1). Ensure that
there is no flaw in the seal (O-ring) to be applied to the adapter. If there is a flaw, a leak occurs during the
measurement and the appropriate pressure might not be achieved.

To reduce the volume of the tube, a glass rod may be inserted.

NOTE 1
significant ert
stem by inser

NOTE2 Th
the ambient g
increases, an

automatically
measured ins

5.6.3 Filly
5.6.4 Press

5.6.5 The
automatically

5.7 Validd

It is recomm

corresponding to the varieties is measured by/performing the procedures in 5.5 and 5.6 and apj
Formulae l3l and (4). When the difference. between the measured value and the nominal value ex
+1,2m?/g,c

5.8 Expre

Nitrogen ads
adsorbed at {

5.9 Corre
If the multip

it is possible
Annex A.

5.10 Testr

Temperature change of the cell stem caused by the lowering of the liquid nitrogen level ca

or source for the measurement. This error can be reduced by decreasing the internal voltime
ing the glass rod.

e temperature of the liquid nitrogen in the Dewar flask is affected by the impurities as ¥
ressure. When impurities such as oxygen are contained, the temperature of the liquid ni
| the saturation vapour pressure of nitrogen in the adsorption cell inereéases. Some d

measure the saturation vapour pressure. When there is not such a deviee, the temperat
ead and the saturation vapour pressure is derived.

p the Dewar flask with liquid nitrogen.
the start button of the measurement apparatus.

hdsorbed amount of nitrogen is calculated inside' the device and the result is disy
V.

tion with SRB

ended to validate the device with:SRB periodically. The specific surface area of th

culate the correction factor,K'and apply it to the test measurement in accordance with

ssion of results

orption specific-Surface area, S, is calculated in accordance with 4.8, using the v

he relative pressure of 0,3 measured in 5.6.

ction by the multipoint nitrogen surface area (optional)

bint nitrogen surface area of the same series of carbon black as the test sample is ava

h be a
of the

vell as
rogen
evices
ure is

layed

> SRB

blying
ceeds
4.8.2.

blume

lable,

toconvert the cing]p-pninf test results to mn]fipninf results hy the calculation prnvi

led in

eport

The test report shall include the following information:

a)
b)
‘)
d)

the type

10

all details necessary for complete identification of the sample;

areference to this document including its year of publication, i.e. ISO 4652:2020;

of the degassing process;

the method used, i.e. method B;
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e) the testresults (corrected value if corrected);
f) the correction factor and SRB used, if applicable;

g) the date of the test.

6 Precision

See Annex B.
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