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Forewo

rd

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.
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For an expllanation of the voluntary nature of standards, the meaning of ISO specific terms

expressions
the World
WWW.iS0.01]

attention to the possibility that the implementation of this document mady linvolve the

(ITC s Tent and Taed 10T (0 ET 1114 eITar

the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo
pes of ISO document should be noted. This document was drafted in accordanee Wit}
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

(s). ISO takes no position concerning the evidence, validity or applicability of any clai
s in respect thereof. As of the date of publication of this document;"\JSO had not recq
patent(s) which may be required to implement this document. Howéver, implementer
hat this may not represent the latest information, which may be obtained from the p4d
ailable at www.iso.org/patents. ISO shall not be held responsible for identifying any ¢
rights.

ame used in this document is information given for the convenience of users and doe
n endorsement.

related to conformity assessment, as well*as information about ISO's adherend
Trade Organization (WTO) principles inxthe Technical Barriers to Trade (TBT),
/iso/foreword.html.
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This fourth
revised:

The main clhanges are as follows:

— Clause

Added

Modifig
sample

Modifid

ent was prepared by ISO/TC 45, Rubber and rubber products, SC 2, Testing and analysis.

edition cancels and replaces the third edition (ISO 9924-1:2016), which has been techni

B is added;
If graphite is present” (see 4.3, 4.4). to make the document more comprehensive;

d the steps(of heating rate (see 8.2.5 and 8.2.7) to make the decomposition process o
more uniform;

dthe carbon black content part (see 9.2.3). The modified expression is more reasonable

are
- the
1 the

use
med
ived
b are
tent
r all

b not

and
e to
see

rally

f the

and

consist

bntwith the "test prnr‘pdnrp" clause:

Alist of all parts in the ISO 9924 series can be found on the ISO website.

Modified the variables of formulae (see 9.1 and 9.3) to be written using symbols instead of text.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Rubber and rubber products — Determination of the
composition of vulcanizates and uncured compounds by
thermogravimetry —

lymer,

WARNING — Persons using this document should be familiar with norimal laboratory practice.
Thig 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 practices and
be informed of any national regulatory conditions.

1 Bcope

This|document specifies a thermogravimetric method for the'determination of the total organic content,
carbon black content and ash in vulcanizates and uncused compounds. The loss in mass at B0O °C is an
approximate guide to the volatile-matter content of the compound.

The method is suitable for the analysis of rubbergompounds and vulcanizates containing the following
rubljers occurring alone or as mixtures:

a) polyisoprene of natural or synthetic'grigin;

b) polybutadiene;

c) Fptyrene-butadiene copolyniers;

d) |sobutylene-isoprene copodlymers;

e) pthylene-propylenéopolymers and related terpolymers.

NOTE The field“of application of the method may be extended to the analysis of compounds containing
rubblers different from those given in this subclause, provided that the applicability of the method is tested
befoyehand using’known compounds or vulcanizates having a similar composition. Other compounds are covered
in ISP 99242

The method is not suitable for rubbers containing polymers which form a carbonaceous redidue during
pyrobysis-such-asmany-chlorine—ornitrogen-containingrubbers:

The method is also not suitable for materials containing additives which cause the formation of

carb

onaceous residues during pyrolysis, such as cobalt and lead salts or phenolic resins.

The method is not suitable for compounds containing blowing agents and mineral fillers, such as
carbonates, hydrated aluminium oxides, hydrated silicon oxides or silicates which decompose in the
temperature range from 25 °C to 650 °C, unless suitable corrections based on prior knowledge of filler
behaviour can be made.

The method is not suitable for the determination of the total polymer content of compounds or
vulcanizates containing non-rubber organic ingredients that cannot be completely removed by solvent
extraction carried out in accordance with I1SO 1407.

© IS0 2023 - All rights reserved
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1407, Rubber — Determination of solvent extract

3 Terms and definitions

NO terms anR dAdafinmitionec v Dot d 10 o Ao nt
WU UCITITIVIVIIO dI' U TI0LUU 11T U1 UULTUIIIvIIG,

[SO and IE(Jmaintain terminology databases for use in standardization at the following addresses:

— ISO Onlline browsing platform: available at https://www.iso.org/obp

— IEC Eleftropedia: available at https://www.electropedia.org/

4 Principle

4.1 Aweighed test portion is heated, following a pre-set programme, from 70 °C to 300 °C in a stijeam
of nitrogen fand is maintained at 300 °C for 10 min. The loss in mass-indicates, approximately, the fotal
content of jon-rubber organic matter volatile at 300 °C. In general, this value is not equivalent t¢ the
value of the|solvent extract.

4.2 The gven temperature is then raised to 550 °C, still'int a stream of nitrogen, and maintaingd at
550 °C for 15 min. The organic matter which was undistilled at 300 °C and the polymer distill off] and
the loss in mass between 70 °C and 550 °C represents.the total organic matter content.

NOTE The total rubber content is calculated by stibtracting the value of the solvent extract, deternjined
according to[ISO 1407, from the total organic content; provided that all non-rubber ingredients can be extrafted.

4.3 Reduge the oven temperature to 800 °C in a stream of nitrogen, then the gas is changed from
nitrogen tofair or oxygen, or a mixture-of air or oxygen. Then, raise the oven temperature to 650 °( and
maintain atjthis temperature for 15 min or until no further loss in mass is observed. The carbon black is
burnt off, and the loss in mass inthe oxidizing atmosphere at 650 °C, thus represents the carbon hlack
content. If graphite is presentat850 °C, a balanced flow of gas is maintained throughout the changelover
to avoid bugyancy effects.

4.4 The nass of the residue at 650 °C represents the ash (if graphite is present, at 850 °C).

5 Reagéents

5.1 Dry nitrogen, with an oxygen content of less than 10 mg/kg (ppm).

5.2 Dry air or oxygen.

6 Apparatus

6.1 Thermogravimetric analyser. There are many types of analysers commercially available.
All should be suitable for use with this document, but their suitability should be checked using the
procedure in Clause 7. Calibrate and operate the thermogravimetric analyser in accordance with the
manufacturer’s instructions.

The basic components of an analyser are as follows.

2 © IS0 2023 - All rights reserved
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6.1.1 Thermogravimetric balance.

6.1.2 Thermo-regulated oven, electrically heated.

6.1.3 Temperature programmer, for the oven.

6.1.4

Switching device, allowing a stream of nitrogen or a stream of air or oxygen (or a mixture of

nitrogen and air or oxygen) to flow through the oven at a predetermined and constant flow rate.

6.1.5 YI/V recorder, for rpr‘nrding the fpmpnrafnrp/macc plnf A]fprnafi\mly’ temperatu

e/time and

mas

5/time plots may be recorded simultaneously using a two-pen Y/T recorder.

6.1.6 Auxiliary equipment for producing differential curves (useful but not médndat

docu

6.2

7

7.1

7.1.1
insti
max

7.1.4
com

7.1.3
roor

purg
com

714

ment).

Analytical balance, capable of weighing to 0,1 mg.

Thermogravimetric analyser checks

Measurement of purge time, tp

uctions, in the thermobalance sample pan and~heat to 650 °C in a stream of nitrg
imum rate allowed by the temperature programmer.

Maintaining the temperature at 650-°C, introduce air or oxygen and allow the tes
pust fully.

When there is no further mass/ change, switch off the oven heater and allow the ovg
N temperature, maintaining the air or oxygen flow. At this point, the oven will have been|
ed with air or oxygen. The-following operations are designed to determine the time, t,
bletely restore the inertatmosphere of nitrogen.

With the ovenat25 °C + 5 °C, introduce a fresh test portion of carbon black, of mass

in the manufacturersinstructions, into the balance pan and close the apparatus.

7.1.5
to 6!

7.1.4

Recopd, the time, t;, switch over to nitrogen gas flow, and set the oven temperature
b0 °C at-asfast a rate as practicable and then remain constant.

ory for this

Place a test portion of carbon black or black-filled rubber, as specified in the manufacturer’s

gen, at the

L portion to

n to cool to
thoroughly
required to

as specified

to increase

ates a mass

Observe the thermogravimetric analyser mass trace and, when this no longer indig

loss with time, note the time ¢,.

As a check, the pan should still contain carbon black since the mass loss should be constant if not all the

carb

on black has burned off during the heating time.

7.1.7 The purge time, t,, which is the time required to purge all oxygen from the system, is given by

Formula (1):

tpztz_tl

© IS0 2023 - All rights reserved
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7.2 Discrimination between carbon black and calcium carbonate

7.2.1 Calcium carbonate will decompose to calcium oxide when heated to 800 °C. Carbon black is
thermally stable up to this temperature in a nitrogen atmosphere. In air or oxygen, however, carbon
black will be oxidized to carbon dioxide at 800 °C.

7.2.2 There should be no problem in distinguishing between, and measuring separately, black and
whiting (calcium carbonate) provided that: nitrogen having a sufficiently low concentration of oxygen
is used; that purging is carried out for a time greater than the purge time determined in 7.1; that there
are no leaks in the apparatus; and that the oven design and gas flow rate ensure that all carbon dioxide
is swept ouf from the sample chamber.

To check the¢ operation of the thermogravimetric analyser, carry out the following procedure;

a) Grind tpgether equal (to within 1 %) masses of analytical-grade calcium carbonate and the pyrest
grade of carbon black available.

b) Purge the apparatus with nitrogen for 10 min beyond the purge time, ¢,
c) Switch pn the recorder and set the oven temperature to 25 °C = 5 °C.

d) Into the thermogravimetric analyser balance pan, introduce a mass of the carbon black/cal¢ium
carbongte mixture (see 7.2.2 a)) as specified in the manufacturer’s instructions.

e) Close the apparatus and purge with a stream of nitrogen at a constant and predetermined flow|rate
which is in accordance with the manufacturer’s instructions: Continue purging with nitrogen for a
time which is greater than the purge time, ¢, (see 7.1).

f) Raise the oven temperature to 800 °C at a rate of 10-°€/min.

g) Maintajn the oven temperature at 800 °C untiljthe mass indicated on the mass/temperaturge (or
mass/tjme) plot is constant, then lower the temperature to 300 °C.

h) Switch [from the stream of nitrogen to & stream of air or oxygen, or partly replace the nitroggn by
air or gxygen. Adjust the total flow rate of the gas flowing through the apparatus so that there is
no discprnible change in the appafent mass of the sample. This procedure corrects for changgs in
buoyanicy of the balance pan and'test portion in gases of different density.

i) Raise the oven temperature'to 800 °C as rapidly as possible and maintain it at 800 °C for 15 m|n or
until the mass indicated-on-the plot is constant.

j)  Switch joff the ovenchedter and replace the stream of air or oxygen by a stream of pure nitrggen.
Switch [off the recorder and empty the ash residue from the balance pan. The apparatus is [now
ready for the next'test portion.

k) Determine‘the ratio, K, of the mass changes in the two different atmospheres using Formula (2)):

_Amy

K (2)

Am,

where

Am; isthelossinmass (or the height of the corresponding chart step) in the atmosphere of nitrogen;

Am, is the loss in mass (or the height of the corresponding chart step) in the atmosphere of air or
oxygen.

1) The value of K should be 0,44 + 0,022 [0,44 = M, (CO,)/M, (CaCO5)]. If this condition is satisfied, the
apparatus is functioning satisfactorily.

4 © IS0 2023 - All rights reserved
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8 Procedure

NOTE Because of the slightly different behaviour of some rubbers and vulcanizates upon heating and ashing,
the analyst needs some prior information regarding the composition of the sample to be analysed. This can be
obtained by making two or three preliminary analyses with the thermogravimetric analyser and examining the
residue in the sample pan at the various stages of heating. In some cases, an examination of the infrared spectra
will provide the necessary information to allow the analyst to proceed with the method or to make appropriate
modifications.

8.1 Preliminary operations

8.1.1 Switch on the balance and the recorder and set the oven to 70 °C.
mobalance.

monly be in

8.1.2 Weigh a test portion of thinly sheeted test sample to the nearest 0,1 mg intg thé the
The jmass taken shall be in agreement with the manufacturer’s instructions, and-will com
the tange of 4 mg to 10 mg.

NOT
In th

In some types of apparatus, it is possible to set the recorder to 100 %after inserting the
case, the value of m in 8.1 is equal to 100, and accurate pre-weighing iS1ot necessary.

D test portion.
S

8.1.]
rate
time

8 Close the apparatus and purge with a stream of nitrogen.at a‘constant and pre-detefmined flow
which is in accordance with the manufacturer’s instructiens: Continue purging with nitrogen for a

greater than the purge time, t, (see 7.1).

The
lead
fille
thro
be nj

presence of trace amounts of air or oxygen in the apparatus during heating under n
to erroneous results, and it will not be possible.tef@btain a constant mass during heati
materials at 650 °C. To minimize the purge time, it is advisable to maintain a stream
gh the apparatus even when it is not in use;"It is also recommended that the stream
aintained through the apparatus even when heating in air or oxygen. The additional a

trogen will
ng of black-
of nitrogen
of nitrogen
I or oxygen

shoyld preferably enter the apparatus at a point as close as practicable to the oven chamber

8.2 | Test procedure

8.2.1 Raise the oven temperature to 300 °C at a rate of 10 °C/min.

8.2.

N

Maintain the temperature at 300 °C for 10 min.

8.2.8 Raise the temperature to 550 °C at a rate of 20 °C/min.

8.2.4 Maintain the temperature at 550 °C for 15 min.

b _“Raise the temperature to 650 °C at a rate of 20 °C/min or as rapidly as possible and 1
PCYor 15 min or until the mass indicated on the mass/temperature (or mass/time) plot

8.2,
650

aintain it at
IS constant.

8.2.6 Lower the temperature to 300 °C and switch from the stream of nitrogen to a stream of air or
oxygen, or partly replace the nitrogen by air or oxygen. Adjust the total rate of gas flow through the
apparatus so that there is no discernible change in the apparent mass of the sample in order to correct
for changes in buoyancy.

8.2.7 Raise the oven temperature to 650 °C at a rate of 20 °C/min or as rapidly as possible and
maintain at this temperature until the mass indicated on the mass/temperature (or mass/time) plot is
constant. Usually, 15 min is sufficient.

8.2.8 Switch off the oven heater and replace the gas stream by a stream of pure nitrogen. Switch off
the recorder and check the colour of the ash in the balance pan.

© IS0 2023 - All rights reserved
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9 Expression of results

9.1 For instruments indicating the mass in milligrams

9.1.1 The percentage content of matter volatile at 300 °C is given by Formula (3):

wy _M0™M 100

where

my

i mass fraction of matter volatile at 300 °C, expressed in per cent;
i the mass, in milligrams, of the test portion (see note to 8.1.2);

i the mass, in milligrams, indicated at the end of the heating period at 300y°C-(see 8.2.2)

9.1.2 The|percentage content of total organic matter is given by Formula (4):

m —m2

my

i mass fraction of total organic matter, expressed if‘per cent;
i the mass, in milligrams, of the test portion (sée note to 8.1.2);

i the mass, in milligrams, indicated at the.end of the heating period at 550 °C (see 8.2.4)

9.1.3 The|percentage content of carbon bla¢k'is given by Formula (5):

m_ —m3

%100
my

4 mass fraction.efcarbon black, expressed in per cent;

—
7o)

i the mass, inamilligrams, of the test portion (see note to 8.1.2);
i the mass, in milligrams, indicated at the end of the heating period at 550 °C (see 8.2.4)

i the mass, in milligrams, indicated at the end of the heating period at 650 °C in air or ox

(3)

(4)

6)

ygen

or in a mixture o nitrogen and air or oxygern.

9.1.4 The percentage of ash is given by Formula (6):

mg
W, =—=x100
my
where
W, is mass fraction of carbon black, expressed in per cent;

my

is the mass, in milligrams, of the test portion (see note to 8.1.2);

(6)

© IS0 2023 - All rights reserved
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or in a mixture of nitrogen and air or oxygen.

For instruments adjustable to give an initial reading of 100 %

is the mass, in milligrams, indicated at the end of the heating period at 650 °C in air or oxygen

9.2.1 The percentage content of matter volatile at 300 °C is the percentage change in mass up to the
end of the 300 °C heating period.

9.2.2 The percentage content of total organic matter is the percentage change in mass up to the end

of t

9.2.]
fron

9.2.
at 6
dire

9.3
The

whe

10

See |

11
The

TIeTeIIT S P e TotT

B The percentage content of carbon black is the percentage change at the endef ¢ont
300 °C to 650 °C in air or oxygen or in a mixture of nitrogen with air or oxygen.

b0 °C in air or oxygen or in a mixture of nitrogen with air or oxygen (see 9.1.4) and 1
Ctly from the mass/temperature (or mass/time) plot.

Total polymer content
hpproximate percentage content of total polymer is giverwby Formula (7):
s =W, —C,

e

V- is mass fraction of total polymer, expressed in per cent;
|V, is as calculated in 9.1.2;

C.  is the percentage of solvent'extract determined in accordance with ISO 1407.

Precision

Annex A.

Test report
test report shall include the following information:

h réference to this document, i.e. ISO 9924-1:2023;

ent in mass

L. The percentage of ash is the percentage mass remaining at the end’of the heating period

hay be read

(7)

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

c) thetype of apparatus used;

d) the final temperature reached;

e) theresults obtained;

f) any unusual features noted during the determination;

g) any operation not included in this document or in the International Standards to which reference is
made, which might have affected the results;

h) the date of the analysis.
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Annex A
(informative)

Precision

A.1 General

The precisi
in Table A.]
of material
materials a

The results
in an interl
different da

NR and SBR together with plasticizer (oil) and carbon black, the other cphtaining EPDM and ca

black. A tes

A.2 Repeatability

The repeatg
value tabul
that differ §
different or

A.3 Repi

The reprod
appropriate
under nornj
should be c

bn of this method was determined in accordance with ISO/TR 92721, The results dreg
|. The precision parameters should not be used for acceptance or rejection of any g
without documentation that the parameters are applicable to the partictilar groy
nd the specific test protocols of the test method.

b

hboratory round robin consisting of four laboratories performing single analyses on t
ys in the same week on each of two rubber compounds, one contdining equal levels o

f result is described as a single measurement of all four test parameters.

bility, r, (in measurement units) of the test methed-has been established as the approp
hted in Table A.1. Two single test results, obtained under normal test method procedy
y more than the tabulated r (for any given tevel), should be considered to have come
non-identical sample populations.

roducibility

ucibility, R, (in measurement-units) of this test method has been established ag
value tabulated in Table A.L:*Two single test results, obtained in two different laboratg
al test method procedures, that differ by more than the tabulated R (for any given lg
bnsidered to have come from different or non-identical sample populations.

Tab]le A.1 — Type 1 ppecision results (material A = BR/NR/SBR, material B = EPDM)

iven
roup
p of

contained in Table A.1 give an estimate of the precision of this test method as determiined

hree
[ BR,
rbon

riate
ires,
‘Tom

the
ries,
vel),

Rarameter S, Sp r R
Mass loss at 300'°C
MateriahA 0,20 0,22 0,58 0,63
Matérial B 0,19 0,22 0,54 0,63
Total pbrganic content
Material A 0,10 0,10 0,28 0,28
Material B 0,14 0,14 0,41 0,41
Carbon black
Material A 0,20 0,27 0,55 0,78
Material B 0,30 0,33 0,85 0,93

NOTE

Sr

r

is the standard deviation within laboratories;
sg isthe standard deviation between laboratories;
is the repeatability, in measurements units;

R isthe reproducibility, in measurements units.

1) Cancelle

8

d and revised by ISO 19983:2017.
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