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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Rubber and rubber products — Determination of the
composition of vulcanizates and uncured compounds by
thermogravimetry —

Part 3:

polys

WARNING
document
the respo
the applic

WARNING

substancgs, or the generation of waste, that could constitute a local environmental hazard.

should be

1 Scop
This docu

rubber compounds such as elastomer(s), carbon black and mineral filler.

It establis
exactly to

This meth
extraction|

This meth
alone or a
usually po

This meth

or containfing nitrogen (NBR, HNBR, NBR/PVC, etc.), as well as to their mixtures. However, the

often form
minimizes

This meth

psibility of the user to establish appropriate safety and health practices and to ¢

loxane rubbers

1 — Persons using this document should be familiar with normal laboratery pra
does not purport to address all of the safety problems, if any, associated with it

ability of any other restrictions.

made to appropriate documentation on safe handling.and disposal after use.

W

ment specifies a thermogravimetric method fot\the determination of the main cons

hes the “fingerprint” of the tested material. However, the result does not always d
the theoretical formula of the rubber.

od applies to raw or compounded rubbers, vulcanized and unvulcanised, with d

bd applies to rubbers withrhydrocarbon backbones (NR, BR, SBR, IIR, EPDM, ACM, AEM

5sible to identify individual polymers.

bd applies to rubbers with halogenated hydrocarbon backbones (CR, CSM, FKM, CM, CO

carbonacegols residues which interfere with the analysis. Application of an appropriate
these interferences.

d alse@applies to rubbers with a polysiloxane backbone (VMQ, etc.) and to rubbers not lis

2 Normative references

There are no normative references in this document.

3 Terms and definitions

No terms and definitions are listed in this document.

o

tice. This

5 use. It is
letermine

2 — Certain procedures specified in this document might involve the use or generation of
Reference

fituents of

orrespond

r without

etc.) used

5 mixtures. For the mixtures, the polymer content corresponds to the total rubber and it is not

ECO, etc)
be rubbers
procedure

ted above.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp
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IEC Electropedia: available at https://www.electropedia.org/

4 Principle

A weighed

test portion is heated following a pre-set programme in a known atmosphere.

Initial pyrolysis in an inert atmosphere (nitrogen) is followed by combustion in an oxidizing atmosphere.

Generally, the reactions that generate mass variations are decompositions, oxidations or reactions
volatilizing a constituent.

The loss in mass as a function of temperature indicates a quantitatively usable thermogram which is

characteri

ticoftha matarial

5 Reag

5.1 Nitr
10 mg/kg

5.2 Dry

The air us
cases, pur

6 Appa

6.1 The

prerc-or—crrerrorce oty

ents

pgen of minimal purity 99,995 % mass fraction, with an oxygen()content of
(ppm) and hydrocarbon content less than 1,5 mg/kg (ppm).

air, with no detectable trace of oil.

less than

cd may be reconstituted nitrogen and oxygen of purity minimum 99,5 % mass fraction. In some

e oxygen may be used.

ratus

Fmogravimetric analyser (TGA).

6.1.1 General. Various types of analyser are commercially available. The basic components of an analyser

are listed

6.1.2 Th
nonoxidiz3
oven capal

6.1.3 Ap

614 P

influenceT;

6.1.5 Te

to 50 °C/nfi

n6.1.2 to 6.1.8.

ermogravimetric balance, comprising a microbalance provided with a pan ma
ible material that can weightup to 50 mg, is readable to the nearest 1 ug and equipp4
ple of being maintained attemperatures from room temperature to approximately 1 00

propriate enclosure, allowing the sample to be kept under a specified atmosphere.

or cruciblé, of size suitable to accommodate the sample and small enough to 1
buoyancy.

mperature-control system, allowing heating rates to be controlled from 1
in;

le from a
bd with an
0 °C.

educe the

0 °C/min

6.1.6 Gas selector, allowing successive introduction of the inert gas and oxidizing gas while controlling
the flow rate.

6.1.7 Measurement equipment, for gas flow rate in the range 10 cm3/min to 250 cm3/min.

6.1.8 Data acquisition and processing system.

© IS0 2024 - All rights reserved
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7 Preparation of samples

7.1 Conditioning of samples

ISO 9924-3:2024(en)

Test samples should be conditioned in standardized laboratory conditions of temperature and humidity in
accordance with ISO 23529. These conditions are preferred, but are not mandatory.

In order to refine the centesimal composition, prior extraction of plasticizers and additives with an
appropriate solvent might be useful. In this case, the method described in ISO 1407 can be applied. The
thermogravimetric analysis shall then be carried out on the non-extractable part previously dried until

constant weight.
7.2 Testportion
Prepare a test portion of 8 mg + 3 mg cut into a single piece.
NOTE ['he preparation of the test portion can influence the kinetics of the phenomena.
8 Procedure
8.1 Gengeral
Considering the variety of the decomposition modes linked to the nature of polymers, two procgdures are
defined:
a) proceglure A for carbon rubbers;
b) proceglure B for polysiloxane and fluorocarbon rubbers:
If procedute A does not result in a thermogram that achiéves constant mass at 600 °C, procedure B g$hall apply.
A non-exhpustive list of the recommended procedures for each of the various rubber families |s given in
Table A.1.
8.2 Desgription of the procedures
Table 1 gives details of the operating-steps for procedures A and B.
Table 1 — Operating steps

Step Units Procedure A Progedure B
Initial temperature °C 35+10 3pb+10
Heating rafe under«itrogen °C/min 20 20
Target temjperature under nitrogen °C 600 800
Maintenanfcé€time at target temperature under nitrogen min 0 5
Cooling under nitrogen °C 600 to 400 800 to 400
Temperature at the change of atmosphere °C 400 400
Maintenance time at atmosphere change temperature under air min 2 2
Heating rate under air °C/min 20 20
Final temperature under air according to the equipment 2 °C 800 to 850 800 to 850
Maintenance time at the final temperature under air min 10 to 20 10 to 20

a  If procedures do not result in a thermogram that achieves constant mass at final temperature under air, maintain the final
temperature condition until constant mass is achieved.

© IS0 2024 - All rights reserved
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8.3 Test procedures

8.3.1 Connect the apparatus and adjust (6.1.6) the gas flow to a rate between 20 cm3/min and
250 cm3/min (6.1.7). Set the parameters according to the chosen process.

The recommended flow rate is 100 cm3/min.

8.3.2 Be

fore the test, ensure that the pan (6.1.4) or the crucible is clean and empty.

8.3.3 Close the thermobalance oven (6.1.2), purge with a nitrogen (5.1) flow at the preset rate. Wait until
stabilization. Adjust the zero to compensate for the mass of the pan or the crucible.

8.3.4 Pl:
conditions

8.3.5 Co

8.3.6 At
crucible.

9 Expr

9.1 Rec
Make two
a)
b) aderi

a plot

These will

9.2 Calc
An examp

The deriva

Identify of

to zero of {
on the ord

where

ce the test piece prepared in accordance with 7.2 in the pan or the crucible and weighif
specified in 8.3.3. Record the mass, m,,.

pduct the test by following the operating steps specified in Table 1.

the end of the test, allow the oven to cool to room temperature, open it’and clean the

bssion of results

prdings

different types of recording to enable the necessariycalculations to be made:
pf the percentage variation in mass fraction, w;versus temperature or time;
Fative plot, dw/dT.

be used to derive the content of thevarious compound ingredients.

ulation of the mass change from curves
e of a thermogram is giyen in Figure B.1.

tive plot shall be used t6 define particular points on the mass variation plot as follows.

the derivative-plot the minima A, A;, A,,and A3, corresponding to the closest point

he derived function. Note these points on the main curve of mass change. Report Ay, A4,
inate andrgad the corresponding masses mg, my, m,, and ms,

under the

pan or the

5 to return
A,,and A,

i tha tpnitial o cc Afrb A bact oA,

TS CIICTITITCIaT oSS UT crrctCo T preto;

is the mass of the test piece remaining after pyrolysis;
is the mass of the test piece remaining after pyrolysis and carbon black combustion;

is the mass of the residue yield.

© IS0 2024 - All rights reserved
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The percentage mass fraction loss, w; + w,, due to pyrolysis is given by Formula (1):

_my—my
wy +wy, =—2—1x100

my

The percentage mass fraction loss, ws, due to carbon black combustion is given by Formula (2):

W5:

wxloo

my

)

(2)

The percentage mass fraction loss, w-, due to partial or total decomposition of mineral components is given

by Formula (3):

W7=

The percentage mass fraction, wg, corresponding to the residue yield, is given by Formula{4):

W8=
n

The sum of the percentage mass fractions, w; + w, + ws + w, + wg, shall correspond to 100 % (no

the analyt

NOTE
9.3 Inte

9.3.1 G¢

A simple ipterpretation of the thermogram shall give'pyrolysable, non-pyrolysable mass fraction

the residu

9.3.2 Ry
a) Under

The first
volatile m

The secon
polymer d

The perce
percentag

b) Under

m, —mg

s 100

== x100
my

10

cal errors).

[hese operations can be calculated by computer.
rpretation

neral

h

ibbers with hydrocarbon backbones (Figures B.2 and B.3)
nitrogen

Joss in mass fraction, ‘W), corresponds to organic compounds of low molecular W
htter.

1 loss in mass fraction, w,, corresponds to the pyrolysis of one or several polymers. The
bcompositiomis.arbitrarily taken at the end of the heating step under nitrogen.

htage wShall only be considered if the derivative returns to the origin. Otherwise, 1
p of organic compounds w; + w, shall be determined.

axidizing atmosphere

(3

(4)

[ including

losses and

feight and

end of the

he overall

1)
2)

CaCO0s;), (see Figure B.3).

3)
4)

NOTE 1

wyg is the residue yield at 800 °C.

wg is the mineral content, equal to w, + wg.

volatile matter from the polymer.

© IS0 2024 - All rights reserved
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percentage
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of extractable compounds in the calculation of the percentages is taken into account.

9.3.3 Rubbers with a nitrogenous hydrocarbon backbone (Figure B.4)

Once the rubber has been extracted, it is no longer possible to determine w; on the thermal diagram. The

For nitrogen-containing hydrocarbon rubbers, the thermogram produced while nitrogen is flowing is
similar to that described in 9.3.2. However, during pyrolysis, carbonaceous residues may be generated.
These residues usually oxidize at lower temperatures than carbon black. If the resolution of the derivative
plot allows, the corresponding mass fraction loss, ws, shall be added to the pyrolysate yield, w,.

NOTE

9.3.4 Ruybbe

For rubbe
place in se

a) geners

b) forma

NOTE 2 of 9.3.2 is also applicable.

's with a halogenated hydrocarbon backbone, the pyrolytic decomposition of the-poly
veral steps, in particular with:

ition of volatile halogenated fragments;

Lion of carbonaceous residues.

The perceI

calculatio

As the car
black shall

NOTE

9.3.5 Ry

tage mass fraction lost of halogenated volatile components, w,, shall be taken into acco
of the content of polymer which is then equal to w, + w,.

bonaceous residues cannot be distinguished from the carbén black, the total content]
be taken as wy + ws.

NOTE 2 of 9.3.2 is also applicable.

bbers with a hydrocarbon, nitrogenous and,oxygenated backbone

The thermpogram is expressed in a similar way as™or some rubbers with a nitrogenous hy

backbone

9.3.6 Ru

[see 9.3.3).

jbbers with a hydrocarbon and-sulfurated backbone

The thermjogram is expressed in a similar way as for some rubbers with a hydrocarbon backbone

9.3.7 Ru

|bbers with a polysiloxane backbone (Figure B.6)

The exploiftation of a thermogram is specific to a polysiloxane-containing formulation.

During py
part of the
any miner

NOTE

Folysis, this type of silicon-based polymer partially decomposes into silica, which the
mineral residue yield. As a result, the polymer content is evaluated by default and the
] fillersds)evaluated in excess.

NOTE 2 of 9.3.2 is also applicable.

mer takes

unt for the

of carbon

drocarbon

(see 9.3.2).

h becomes
content of

9.4 Expression of results

9.4.1 Result obtained from the TGA curve

Thermograms can be interpreted in two different ways:

— the simple exploitation of the thermogram gives the contents of pyrolysable compounds, non-pyrolysable
compounds and mineral residue;

— thede

tailed exploitation uses the following conventional values:

a) w; contentlost due organic compounds of low molecular weight and volatile matters;

© IS0 2024 - All rights reserved
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w, content lost due to pyrolysable part of polymer(s);

ws content lost due to combustion of any carbonaceous residues;

w, content lost due to driving off any halogenated volatile fragments;
w; content lost due to combustion of carbon black;

wg, content of mineral fillers and metallic salts;

w-, content lost due to mineral filler decomposition;

wg mineral residue yield at 800 °C or 850 °C under air.

1) full description of the sample dnd‘its origin,

tr:]: extraction solventwith the method used;

he different cases of Figures B.2 to B.6 are given with both interpretations.

rrection for extract in calculated percentage mass fractions of material

e of preliminary extraction, take into account the amount of extract in. the calculat
ps. Calculate the extract-corrected mass fractions, w,,, using the Formula(5):

V1 (100 —Wq )
100

is 2 to 8 (for definitions of the individual parameters,see 9.4.1);

is the extractable matter content, as a percentage 1aass fraction, determined by solvent

report
port shall contain at least the following.inhformation:

e details:
nditions of preparation/ofthe sample,

thod:
full referenceto the test method used, i.e. the number of this document (1ISO 9924-3:207
e procedure used (A or B);

ptails:

ion of the

(5)

pxtraction.

4),

b)
)
d)
e)
f)
g)
h)
NOTE
9.4.2 Cd
In the cas
percentag
-
where
n
W1
10 Test
The test rg
a) sampl
2) cd
3)
b) test
1) a
2) th
c) testdg
1y
2)
3)
4)
5)
d)

1) th

the laboratory temperature,

the time and temperature of conditioning prior to test,

the temperature of test, if other than standard laboratory temperature,

type of equipment used,

details of any procedures not specified in this document as well as the possible incidents;

test results:

e number of test pieces used,

© IS0 2024 - All rights reserved
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2) theindividual test results,

3) the date of test.

11 Precision

See Annex C.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Recommended procedures

Table A.1 — Recommended procedures according to rubber families (non-exhaustive list)

Rubber families

Procedure

Rubbers with a hydrocarbon backbone

Natural rupber (NR) or synthetic isoprene rubber (IR)

Polybutadiene (BR)

Styrene-bytadiene rubber (SBR)

Isobutene-fsoprene rubber (IIR)

Ethylene-piropylene-diene terpolymer (EPDM)

Copolymer] of ethyl acrylate or other acrylates (ACM)

Copolymer] of ethyl acrylate or other acrylates and ethylene (AEM)

Copolymei] of ethylene and vinyl acetate (EVM)

e e e e e e (el e

Rubbers with a nitrogenous hydrocarbon backbone

Acrylonitr]le-butadiene rubber (NBR)

>

Hydrogendted acrylonitrile-butadiene rubber (HNBR)

>

Carboxyliclacrylonitrile-butadiene rubber (XNBR)

>

Rubbers with a halogenated hydrocarbon backbone

Chloroprete rubber (CR)

Chlorosulfpnylpolyethylene (CSM)

Chloropolyjethylene (CM)

Alkyl chlotjosulfonylpolyethylene (ACSM ?)

Polychloromethyloxirane (CO)

Copolymer| of ethylene oxide and chlgromethyloxirane (ECO)

Acrylonitr]le-butadiene rubber/polyvinylchloride blend (NBR/PVC)

Isobutene-fsoprene rubber brotinated or chlorinated (BIIR or CIIR)

Fluorocarfon rubbers (FKM)

o~ e e [e—l (e (e o=l e = e

Rubbers with a hydrocarbon, nitrogenous and oxygenated backbone

Polyester yrethane.dr polyether urethane (AU or EU)

>

Rubbers with a hydrocarbon and sulfurated backbone

Polysulfid¢ rubber (T)

Rubbers with a polysiloxane backbone

Polymethylvinylsiloxane (VMQ)

Polymethylfluorosiloxane (FMQ)

a  Name and abbreviated term do not appear in ISO 1629.

© IS0 2024 - All rights reserved
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Annex B
(informative)

Examples of thermogram

Examples of various thermograms are illustrated in Figures B.1 to B.6.

m A
Ay A Al
mgy T T
A | |
| |
| |
| |
| |
| |
| |
A ) |
mrr——————"""— v I I
|
|
|
mH— Ay |
mHH+————H—"H—H———————————~—~
t
Key
Ag, Aq, Ay A absolute minima m, initial test piece mass
erivative minima m est piece mass after pyrolysis
Ay, Ay, Ay A, derivat 1 testp fter pyroly;
F . test piece mass after pyrolysis and cdqrbon black
main curve m, .
combustion
erivative curve m residue yield mass
F’ d t 3 due yield
m mass t time

Figure B.1 — Thermal diagram
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0 I I I I | I I I I | I I | I I I I | I
I 10 20 30 40
Key
t timg
T temperature
w masss fraction (content)
Detailed exploitatien Simple exploitation
Wy cdntent of organic compeunds of low molecular
weight and volatilematters pyrolysable compounds

Wy cdntent of pyrolysable part of polymer(s)
Ws cdntent of\carbon black non-pyrolysable compounds
We cantent of mineral fillers and metallic salts mineral residue

Figure B.2 — Example of a rubber with a hydrocarbon backbone
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Key
t time
T temperature
w mass fraction (content)
: % nfin. _?
Detailed exploitation Simple exploitation
wq cdntent of organie.cémpounds of low molecular
weight and volatile matters pyrolysable compounds
223 cdntent of\pyrolysable part of polymer(s)
Wg cdntént of carbon black non-pyrolysable compounds
Wy content of We content of
mineral filler mineral fillers
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Figure B.3 — Example of a rubber with a hydrocarbon backbone containing calcium carbonate
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Figure B.4 — Example of a rubber with a backbone containing hydrocarbon and nitrogen
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Figure B.5 — Example of a rubber with a halogenated hydrocarbon backbone
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@ The mingral residue also includes the silica generated by the pyrolysis of the polymer.
Figure B.6 — Example of a rubber with a polysiloxane backbone
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