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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-governmentab—h—Haisor—with—SO—alse—take—part—in—the—work—SO—collaborates—slosely—with the

T O—toico— SO oOTTtoy

Internationall Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgdsk of technical committees is to prepare International Standards. Draft International Standards
adopted by [the technical committees are circulated to the member bodies for voting-)Publication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is grawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9924-3 was prepared by Technical Committee ISO/TC 45, Rubberrand rubber products, Subcomnjittee
SC 2, Testing and analysis.

ISO 9924 cqnsists of the following parts, under the general title Rubber and rubber products — Determinjation
of the compé@sition of vulcanizates and uncured compounds by thermogravimetry:

— Part 1: |Butadiene, ethylene-propylene copolymer and terpolymer, isobutene-isoprene, isoprene| and
styreneibutadiene rubbers

— Part 2: Acrylonitrile-butadiene and halobutyl ribbers

— Part 3: Hydrocarbon rubbers, halogenated rubbers and polysiloxane rubbers after extraction

iv © 1SO 2009 — All rights reserved
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Ru

bber and rubber products — Determination of the

composition of vulcanizates and uncured compounds by
thermogravimetry —

Part 3:

Hydrocarbon rubbers, halogenated rubbers and polysilo;
rubbers after extraction

WARNING — Persons using this part of ISO 9924 should be familiar with normal laborato
This| part of ISO 9924 does not purport to address all of the safety problems, if any, associ
use.|lt is the responsibility of the user to establish appropriate safety-and health practic

compliance with any regulatory conditions.

CAl

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

sho

1

This
rubb

It es
to th

This

This
used
usug

This
etc.)
rubb
proc

Kane

ry practice.
ted with its
s to ensure

ION — Certain procedures specified in this part of ISO 9924 may involve the use or generation of

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

Scope

part of ISO 9924 specifies a thermogravimetric method for the determination of the main cqg
br compounds such as elastomer(s), carben’black and mineral filler.

ablishes the “fingerprint” of the tested material. However, the result does not always corres
b theoretical formula of the rubber.

method applies to raw or compounded rubbers, vulcanized and unvulcanized, after preliming

method applies to rubbers with hydrocarbon backbones (NR, BR, SBR, IIR, EPDM, ACM
alone or as mixtures)For the mixtures, the polymer content corresponds to the total rubber,
lly possible to identify individual polymers.

method appliés to rubbers with halogenated hydrocarbon backbones (CR, CSM, FKM, CIM
or containing nitrogen (NBR, HNBR, NBR/PVC, etc.), as well as to their mixtures. Hoy
brs often>form carbonaceous residues which interfere with the analysis. Application of an
bdure 'minimizes these interferences.

. Reference

nstituents of

bond exactly

ry extraction.

. AEM, etc.)
and it is not

, CO, ECO,
vever, these
appropriate

This

methodatsoappties torubbers withrapotysitoxanme ackborme (VG etc)andtorubbers ot

2 Normative references

listed above.

The following referenced documents are indispensable for the application 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

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test
methods

© 1SO 2009 — All rights reserved
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3 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
characteristic of the material.

4 Reage

4.1 Nitrog
and hydroca

4.2

The air use
cases, pure

5 Appar
5.1

5.1.1
are listed in

51.2 The
nonoxidizab
oven capabl

nts

en of minimal purity 99,995 % mass fraction, with an oxygen content of less than10 mg/kg (
rbon content less than 1,5 mg/kg (ppm).

Dry air, with no detectable trace of oil.

l may be reconstituted nitrogen and oxygen of purity minimum 99,5 % mass fraction. In s
bxygen may be used.

atus

Thermogravimetric analyser.

Genleral. Various types of analyser are commercially available. The basic components of an ana

b.1.2 t0 5.1.8.

rmogravimetric balance, comprising a microbalance provided with a pan made fro
e material, that can weigh up to 60 mg, is readable to the nearest 1 ug, and equipped wit
b of being maintained at temperatures from room temperature to approximately 1 000 °C.

5.1.3 Applropriate enclosure allowing-the sample to be kept under a specified atmosphere.

514 Pan
influence of

515 Tem

or crucible of size suitable to accommodate the sample and small enough to reducs
buoyancy.

perature-control system, allowing heating rates to be controlled from 10 °C/min to 50 °C/m

5.1.6 Gas]| selector allowing successive introduction of the inert gas and oxidizing gas while controllin

flow rate.

5.1.7

bpm)

ome

the

j the

5.1.8 Data acquisition and processing system.

6 Preparation of samples

6.1 Cond

itioning of samples

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.

© 1SO 2009 — All rights reserved
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Extraction of samples

A preliminary extraction of plasticizers and additives shall be performed in accordance with 1ISO 1407 using

the appropriate solvent. Conventionally, the amount of extract is denoted w.
6.3 Test portion
After extraction (6.2), prepare a test portion of 8 mg + 3 mg cut into a single piece.
NOTE The preparation of the test portion can influence the kinetics of the phenomena.
7 Procedure
7.1 | General
Congidering the variety of the decomposition modes linked to the nature of polymers, two prdcedures are
defined:
a) procedure A for carbon rubbers;
b) procedure B for polysiloxane and fluorocarbon rubbers.
If prpcedure A does not result in a thermogram that achieves.constant mass at 600 °C, procgdure B shall
appl
A ngn-exhaustive list of the recommended procedures-for each of the various rubber familieg is given in
Table A.1.
7.2 | Description of the procedures
Table 1 gives details of the operating steps for procedures A and B.
Table 1 — Operating steps
Step Units Procedure A Prpcedure B
Initigl temperature °C 35+10 35+10
Heafing rate under‘nitrogen °C/min 20 20
Target temperature under nitrogen °C 600 800
Mairltenance-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 @ °C 800 to 850 800 to 850
Maintenance time at the final temperature under air min 10 to 20 10 to 20
2 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.

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=9a6ac91e2b4d84d6c01f54d00375f9d6

ISO 9924-3:2009(E)

7.3 Test

7.31

procedures

(5.1.7). Set the parameters according to the chosen process.

The recommended flow rate is 100 cm3/min.

7.3.2

Before the test, ensure that the pan (5.1.4) or the crucible is clean and empty.

Connect the apparatus and adjust (5.1.6) the gas flow to a rate between 20 cm3/min and 250 cm3/min

7.3.3 Close the thermobalance oven (5.1.2), purge with a nitrogen (4.1) flow at the preset rate. Wait until

stabilization

7.3.4 Plag
conditions s

7.3.5

7.3.6 At the end of the test, allow the oven to cool to room temperature, open it and_clean the pan ¢

crucible.

Con

. Adjust the zero to compensate for the mass of the pan or the crucible.

pecified in 7.3.3. Record the mass, my,.

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

8 Expregsion of results

8.1

Make two di

a) aplotof

b)

These will b

8.2 Calcu

An example

The derivati

Identify on the derivative plot.the minima Ab , A’1, A'2 , and A'3, corresponding to the closest points to r
to zero of th
Az on the or

mo |St

m1 ist

my

mg

Reco

rdings
ferent types of recording to enable the necessary calculations to be made:

the percentage variation in mass fraction, w, vs.;témperature or time;

a derivative plot, dw/dT.

b used to derive the content of the various compound ingredients.

lation of the mass change:from curves
of a thermogram is given(in)Figure B.1.

e plot shall be used“o define particular points on the mass variation plot as follows.

e derived fupction. Note these points on the main curve of mass change. Report Ajy, Ay, Ay
Hinate and read the corresponding masses my, m, my, and ms, where

ne initial mass of the test piece;

e the test piece prepared in accordance with 6.3 in the pan or the crucible and weigh it ahdg

r the

r the

bturn
and

he 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.

The percentage mass fraction loss, w,, due to pyrolysis is given by:

m
Wy =

—m
B Vs

100

mo

(1)

© 1SO 2009 — All rights reserved
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The percentage mass fraction loss, ws, due to carbon black combustion is given by:

wg = 124100 (2)

mo

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

w7:%x100 (3)
0

The percentage mass fraction, wg, corresponding to the residue yield, is given by:

we =%><100 (4)
0

The [sum of the percentage mass fractions, w, + wg + w; + wg, shall correspond’fo 100 % (not including the
analytical errors).

NOTE These operations can be calculated by computer.
8.3 | Interpretation

8.3.1 General

A simple interpretation of the thermogram shall give pyrolysable, non-pyrolysable mass fraction logses and the
residue.

8.3.4 Rubbers with hydrocarbon backbones)(Figures B.2 and B.3)
a) Jnder nitrogen

The ffirst loss in mass fraction, w,,.cotresponds to the pyrolysis of one or several polymers. The end of the
polymer decomposition is arbitrarily-taken at the end of the heating step under nitrogen.

b) Under oxidizing atmosphere
1) wsgis the loss inmass fraction, due to carbon black combustion (if any is present in the compound)

P) wy is the I0ss in mass fraction, due to the partial or total decomposition of mineral components (e.g.
CaCOg),(see Figure B.3)

B) wgds:the residue yield at 800 °C

1)~ wg is the mineral content, equal to w; + wg

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

For nitrogen-containing hydrocarbon rubbers, the thermogram produced while nitrogen is flowing is similar to
that described in 8.3.2. 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,.

© 1SO 2009 — All rights reserved 5
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8.3.4 Rubbers with a halogenated hydrocarbon backbone (Figure B.5)

For rubbers with a halogenated hydrocarbon backbone, the pyrolytic decomposition of the polymer takes
place in several steps, in particular with:

a) generat

ion of volatile halogenated fragments;

b) formation of carbonaceous residues.

The percentage mass fraction lost of halogenated volatile components, w,, shall be taken into account for the
calculation of the content of polymer which is then equal to wy + w,.

As the carbg
black shall b

8.3.5 Rub
The thermog
8.3.6 Rub

The thermog

8.3.7 Rub

The thermog

8.4 Expré¢ssion of results

naceous residues can hardly be distinguished from the carbon black, the total content of(cs
e taken as wy + wg.

pers with a hydrocarbon, nitrogenous and oxygenated backbone

ram is expressed in a similar way as for some rubbers with a hydrocarbon baekbone (see 8.3

pers with a hydrocarbon and sulfurated backbone

ram is expressed in a similar way as for some rubbers with a hydroearbon backbone (see 8.3

pers with a polysiloxane backbone

It obtained from the TGA curve

bre necessary, the following conventional values:

tent lost due to pyrolysable part of polymer(s);

tent lost due to combustion ef any carbonaceous residues;
tent lost due to driving off any halogenated volatile fragments;
tent lost due tolcombustion of carbon black;

tent of mineral fillers and metallic salts;

tentl0st due to mineral filler decomposition;

ram is expressed in a similar way as for some rubbers.with a hydrocarbon backbone (see 8.3.

[o] (o]

8.4.1 Rest
Indicate, wh
a) w, corn
b) ws corn
C) wy con
d) wg cor
e) wg cor
f) w; con
g) wg mi

1 HX| i aal fo¥aVaW-Fal fo¥ -t aWi-Fal ol H
Cral TCoIUUT yITiU at OUU U Ul OJU U UTidct ait.

8.4.2 Correction for extract in calculated percentage mass fractions of material

rbon

2).

2).

It is necessary to take into account the amount of extract in the calculation of the percentages. Calculate the

extract-corrected mass fractions, w

’

,»» using the equation

(100 — wy)

I_Wn

n

100

®)
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where

The

b)

d)

10

See

n is 2 to 8 (for definitions of the individual parameters, see 8.4.1);

wy is the extractable matter content, as a percentage mass fraction, determined by solvent extraction.

Test report

test report shall contain at least the following information:

sample details:

1) full description of the sample and its origin,

D) conditions of preparation of the sample,

B) the extraction solvent with the method used;

est method:

1) a full reference to the test method used, i.e. the number of this International Standard,
P)  the method used (A or B);

est details:

1) the laboratory temperature,

P) the time and temperature of conditioning prior to test,

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

1) type of equipment used,

b) details of any procedures\not specified in this International Standard as well as
incidents;
est results:

1) the number.oftest pieces used,
P) the individual test results,

B) the:date of test.

recision

Annex C.
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Annex A
(informative)

Recommended procedures

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

Rubber-famities

Procedure

Rubbers with a hydrocarbon backbone

Natural rubbq

br (NR) or synthetic isoprene rubber (IR)

Polybutadien

e (BR)

Styrene-buta

diene rubber (SBR)

Isobutene-isg

prene rubber (IIR)

Ethylene-pro

bylene-diene terpolymer (EPDM)

Copolymer o

ethyl acrylate or other acrylates (ACM)

Copolymer o

ethyl acrylate or other acrylates and ethylene (AEM)

Copolymer o

ethylene and vinyl acetate (EVM)

b I - B - I I

Rubbers with a nitrogenous hydrocarbon backbone

Acrylonitrile-putadiene rubber (NBR)

>

Hydrogenate|

d acrylonitrile-butadiene rubber (HNBR)

Carboxylic a

rylonitrile-butadiene rubber (XNBR)

Rubbers with a halogenated.hydrocarbon backbone

Chloroprene

Fubber (CR)

Chlorosulfon

Ipolyethylene (CSM)

Chloropolyet

hylene (CM)

Alkyl chloros

Lilfonylpolyethylene (ACSM/2)

Polychloromg

bthyloxirane (CO)

Copolymer o

ethylene oxide/and chloromethyloxirane (ECO)

Acrylonitrile-putadiene fubber/polyvinylchloride blend (NBR/PVC)

Isobutene-isg

prene rubber brominated or chlorinated (BIIR or CIIR)

Fluorocarbori

rubbers (FKM)

WP |>|>|>|>|>

Rubbers with a hydrocarbon, nitrogenous and oxygenated backbone

Polyester urethane or polyether urethane (AU or EU)

Rubbers with a hydrocarbon and sulfurated backbone

Polysulfide rubber (T)

Rubbers with a polysiloxane backbone

Polymethylvinylsiloxane (VMQ)

Polymethylfluorosiloxane (FMQ)

a8  Name and abbreviated term do not appear in ISO 16291,

© 1SO 2009 — All rights reserved
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Annex B
(informative)

Examples of thermogram

Examples of various thermograms are illustrated in Figure B.1 to B.5

m (mg) |
Ay A A Ay .
Mo T T —r—F
Ao I I I
I | I
I | I
I | I
I | I
A | |
mp———-———— v | |
I I
I I
I I
A |
mb—-— 2 | |
I
I
I
I
I
A
mrr———— S F
t (min)
Key
Ao, A, Az, Az absplute‘'minima mqg  initial test piece mass
Ay, |Ay, Ay, A;  dériyative minima my  test piece mass after pyrolysis
F Main curve my  test piece mass after pyrolysis and carbon blagk combustion
F' derivative curve mg  residue yield mass
m mass t time
Figure B.1 — Thermal diagram
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w (%)}
100 ——— |
g
 J
s
|}
200 400 600 500 400 PC)
0 I 1 I 1 \I/l L1l I L1 4 l\l/ =
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I -
0 10 20 30 40 50 t (min)
Key
t time

T temperatlire

w  mass fragtion (content)

wy content Igst due to pyrolysable part of polymer(s)
ws content Igst due to combustion of carbon black
wg content of mineral fillers and metallic salts

Figure B.2 — Example of a rubber with a hydrocarbon backbone
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L B

600 500400’ | 500 # 600 700 T (°C)

t 5 10

me
bmperature
hass fraction (content)

t

t

;

dontent lost due to pyrolysable part of polymer(s)
ws dontent lost due to combustion of carban black

dontent of mineral fillers and metallic salts

dontent lost due to mineral fillerdecomposition

rpineral residue yield at 800 %C or 850 °C under air

1 >
frr T T rrrr [ rrrr [ T T I [ T T T T [T T T T [T T T [ T T T T T T T T T T TTTT7 >

30 35 40 45 50 | ¢ (min)

Figure B.3 — Example of a rubber with a hydrocarbon backbone, containing calcium carbonate
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W(%)“
100 N yan
s
- —
2
|
Y | |
i | |
|
A
200 400 600 500 400 600 2 T (°C)
0 T T T |I | T I| T |I | T L |\|/I|II|I I|II|I Il\l/l |I | T I| I >
0 10 20 30 40 50 t (in)
Key
t time

T temperatjyire
mass fragtion (content)
wy content Igst due to pyrolysable part of polymer(s)

wg content Igst due to combustion of any carbonaceous residues

ws content Igst due to combustion of carbon black
wg content of mineral fillers and metallic salts

Figufre B.4 — Example of a-rubber with a backbone containing hydrocarbon and nitrogen
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<A
2
100 ,_’_____,_——-\\ ——
| = \\ //
| Y \ |
\\ |
| \/
0
_ =
+
(32
3
_  J
200 400 600 500 400 600 S T (°C)
0 l | l | l N LT l | l -
— T 1. 1 1 r r 1 111 1 1T gq~r 1t Tt 1 111t 71 1T 1
0 10 20 30 40 50 t (min)
Key
t time
T temperature
w  mass fraction (content)
wy dontent lost due to pyrolysable part.of polymer(s)
wy dontent lost due to combustion ef.any carbonaceous residues
wy4 dontent lost due to driving off'any halogenated volatile fragments
ws dontent lost due to combustion of carbon black
we dontent of mineral fillersZand metallic salts
Figure B.5 — Example of a rubber with a halogenated hydrocarbon backbone
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