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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national stand

ards

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 proceduresused to devetop this document and those imtended for it further maintenarncy

described ifp the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo

are
- the

different types of ISO documents should be noted. This document was drafted in accordanee with the

editorial rujes of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i drawn to the possibility that some of the elements of this document may be the subje
patent righfs. ISO shall not be held responsible for identifying any or all such patentrights. Deta
any patent tights identified during the development of the document will be in the Introduction an
on the ISO ljst of patent declarations received (see www.iso.org/patents).

Any trade rlame used in this document is information given for the convehience of users and doe
constitute gn endorsement.

For an explgnation on the meaning of ISO specific terms and expressiens related to conformity assessn

ct of
Is of
d/or

b not

hent,

as well as ipformation about ISO’s adherence to the World Trade\Organization (WTO) principles in the

Technical Barriers to Trade (TBT) see the following URL: wwwdso.org/iso/foreword.html.

The committee responsible for this document is ISO/TC 45;:Rubber and rubber products, SC 2, Testing
and analysid.

This second edition cancels and replaces the firstiedition (ISO 9924-2:2000), of which it constit
a minor reyision. It also incorporates the amendment ISO 9924-2:2000/Amd 1:2012. The folloy
changes haye been made:

— precisipn clause moved to Annex A,

ISO 9924 donsists of the followidg,parts, under the general title Rubber and rubber product
Determination of the compositionof vulcanizates and uncured compounds by thermogravimetry:

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

— Part 2: Acrylonitrile-butadiene and halobutyl rubbers

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

utes
ving

and

iv © ISO 2016 - All rights reserved
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Rubber and rubber products — Determination of the
composition of vulcanizates and uncured compounds by
thermogravimetry —

Part 2:

WA
pra
ass
hea

1

1.1

organic content, carbon black content, carbonaceous residue.and ash in vulcanizates a

com
mas

1.2
hydy
forn{
a)

b)

c)

d)

e)

NOT
cont
testd

NOT
alum

NING — Persons using this part of ISO 9924 should be familiar with normal
tice. This part of ISO 9924 does not purport to address all of the safety proble
ciated with its use. It is the responsibility of the user to establish appropriate
th practices and to ensure compliance with any national regulatory conditions.

Scope

This part of ISO 9924 specifies a thermogravimetric method for the determination

pounds containing polymers which form a carbonaceous residue on pyrolysis (see 1.2)

ocarbon polymers covered by ISO 9924-1 plus the following copolymers with polar gr
a carbonaceous residue on pyrolysis:

herylonitrile-butadiene copolymers {NBRs);

rarboxylated acrylonitrile-butadiene copolymers (XNBRs);

hydrogenated acrylonitrilesbutadiene copolymers (HNBRs);

Chlorinated isobutylene<isoprene copolymers (CIIRs);

brominated isobutylene-isoprene copolymers (BIIRs).

1 The field\of application of the method may be extended to include the analysis of
hining rubbers(different from those given in this subclause, provided that the applicability of t

d beforehand using known compounds or vulcanizates having similar composition.

E 2, \The method is not suitable for compounds containing mineral fillers, such as carbonateg
inium oxides, which decompose in the temperature range from 25 °C to 800 °C, unless suitabl¢

base

d on prior knowledge of filler behaviour can be made

laboratory
rms, if any,
safety and

of the total
nd uncured
The loss in

b at around 300 °C is an approximate guide to the volatile-matter content of the compound.

The method is suitable for the analysis of rubber compounds and vulcanizates containing the

oups which

compounds
he method is

or hydrated
b corrections

NOTE3 The method is not suitable for the determination of the total polymer content of compounds
containing non-rubber organic ingredients that cannot be completely removed by solvent extraction carried out
in accordance with ISO 1407.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. 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 2016 - All rights reserved
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3 Principle

3.1 A weighed test portion is heated, following a pre-set programme, from 40 °C to 600 °C in a stream
of nitrogen until all the organic material is pyrolysed. If nitrile-butadiene copolymers are present, a small
amount of the polymer will be pyrolysed to form a carbonaceous residue that has to be determined in
order to obtain the correct total organic content.

3.2 For this purpose, the oven temperature is decreased to 400 °C in a stream of nitrogen and
maintained at 400 °C for 5 min. The gas stream is then changed from nitrogen to air or oxygen and the
oven temperature raised slowly to 800 °C. During this heating in an oxidizing atmosphere, two distinct
losses in mdss occur due to combustion. The first is due to the combustion of the carbonaceous resjdue,
and the amjount is determined and added to the previously determined loss in nitrogen at 600-{C to
obtain the dorrect value of the total organic content. The second is due to the normal combustion of the
carbon black.

NOTE The total rubber content is calculated by subtracting the value of the solvent.extract, deternmjined
in accordande with ISO 1407, from the total organic content, provided that all non-rubber-ingredients cgn be
extracted.

3.3 The npass of the residue at 800 °C represents the ash.

4 Reagents
4.1 Dry nitrogen, with an oxygen content of less than 10 mgzkg (ppm).

4.2 Dry alir or oxygen.

5 Apparatus

5.1 Thermogravimetric analyser.

There are many types of analyser commiercially available. All should be suitable for use with this pdrt of
ISO 9924, blit their suitability should pe checked using the procedure in Clause 6. Calibrate and opgrate
the thermogravimetric analyserdn accordance with the manufacturer’s instructions.

The basic components of an@nalyser are as follows.
5.1.1 Thdrmogravimetric balance.

5.1.2 Ele¢trically heated, thermo-regulated oven.

5.1.3 Teniperature programmrer, for tire overr

5.1.4 Switching device, allowing either a stream of nitrogen or, alternatively, a stream of air or oxygen
to flow through the oven at a predetermined and constant flow rate.

5.1.5 X/Y recorder, for recording the temperature/mass plot. Alternatively, temperature/time and
mass/time plots may be recorded simultaneously using a two-pen Y/T recorder. Digital data acquisition
stations with related software for drawing the temperature/mass and/or time/mass curves are also
suitable; in this case, better accuracy in the calculation of the mass losses can be achieved.

5.1.6 Auxiliary equipment for producing differential curves (mandatory for this part of ISO 9924).

2 © IS0 2016 - All rights reserved
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5.1.7 Analytical balance, capable of weighing to 0,1 mg.

6 Thermogravimetric analyser checks
6.1 Measurement of purge time, ¢,

6.1.1 Place a test portion of carbon black or black-filled rubber, as specified in the manufacturer’s
instructions, in the thermobalance sample pan and heat to 650 °C in a stream of nitrogen, at the maximum
rate allowed by the temperature programmer.

6.1.2 Maintaining the temperature at 650 °C, introduce air or oxygen and allow theitest portion to
compust fully.

6.1. When there is no further mass change, switch off the oven heater and allow the ovén to cool to
room temperature, maintaining the air or oxygen flow. At this point, the oven‘will have been thoroughly
purged with air or oxygen. The following operations are designed to determine the time, t,,|required to
completely restore the inert atmosphere of nitrogen.

6.1. With the oven at 25 °C + 5 °C, introduce a fresh test portion of carbon black, of mass|as specified
in thle manufacturer’s instructions, into the balance pan and closejthe apparatus.

6.1.5 Record the time, t1, switch over to nitrogen gas.flow, set the oven temperature to|increase to
650 FC atarate of 10 °C/min and then hold the temperature constant.

6.1.6 Observe the thermogravimetric analyser.mass trace and, when this no longer indidates a mass
loss with time, note the time, t».

As ajcheck, the pan should still contain carbon black since the mass loss should be constant |f not all the
carbon black has burned off during the heating time.

6.1.7 The purge time, tp, whichyis the time required to purge all oxygen from the system| is given by

Formula (1):

h=t2-1t1 (1)

6.2 | Discrimination between carbon black and calcium carbonate

6.2.1 Calcitm carbonate will decompose to calcium oxide when heated to 800 °C. Carlon black is
thermallyistable up to this temperature in a nitrogen atmosphere. In air or oxygen, however, darbon black
will pe-oxidized to carbon dioxide at 800 °C.

6.2.2 Provided that nitrogen having a low enough concentration of oxygen is used, that purging
is carried out for a time greater than the purge time determined in 6.1, that there are no leaks in the
apparatus, and that the oven design and gas flow rate ensure that all carbon dioxide is swept out from the
sample chamber, there should be no problem in distinguishing between, and measuring separately, black
and whiting (calcium carbonate). To check the operation of the thermogravimetric analyser, carry out the
following procedure.

6.2.3 Grind together equal (to within 1 %) masses of analytical-grade calcium carbonate and the purest
grade of carbon black available.

6.2.4 Purge the apparatus with nitrogen for 10 min beyond the purge time, t,.

© IS0 2016 - All rights reserved 3
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6.2.5 Switch on the recorder and set the oven temperature to 25 °C + 5 °C.

6.2.6

carbonate mixture (see 6.2.3) as specified in the manufacturer’s instructions.

Into the thermogravimetric analyser balance pan, introduce a mass of the carbon black/calcium

6.2.7 Close the apparatus and purge with a stream of nitrogen at a constant and predetermined flow
rate which is in agreement with the manufacturer’s instructions. Continue purging with nitrogen for a
time which is greater than the purge time, ¢, (see 6.1).

6.2.8 Raise the oven temperature to 800 °C at a rate of 10 °C/min.

6.2.9 Mai
mass/time)

6.2.10 Swi
gas flowing
sample. Thi
different de

6.2.11 Raij
for 15 min ¢

6.2.12 Swi
Switch off tl
the next tes

6.2.13 Det

R=—]
AT

where

—n

Amq

=

Amy i

6.2.14 The

htain the oven temperature at 800 °C until the mass indicated on the mass/temperatur
plot is constant, then lower the temperature to 300 °C.

[ch from the stream of nitrogen to a stream of air or oxygen. Adjust the total flow rate o
through the apparatus so that there is no discernible change in the dpparent mass o
5 procedure corrects for changes in buoyancy of the balance pan and(test portion in gas
nsity.

e the oven temperature to 800 °C as rapidly as possible and‘maintain it at this tempera
r until the mass indicated on the plot is constant.

[ch off the oven heater and replace the stream of air ‘6r’oxygen by a stream of pure nitrq
e recorder and empty the ash residue from the balance pan. The apparatus is now read
[ portion.

brmine the ratio, R, of the mass changes inthe two different atmospheres using Formula

the loss in mass (orthe height of the corresponding chart step) in the atmosphere of
itrogen;

the loss in mdss(or the height of the corresponding chart step) in the atmosphere of

or oxygen.

satisfactorilfr.

a)

(or

f the
f the
es of

ture

gen.
ly for

(2):

(2)

lir

value ©f*R should be 0,44 + 0,022. If this condition is satisfied, the apparatus is functioning

7 Procedure

7.1 Switch on the balance and the recorder and set the oven to 40 °C.

7.2  Weigh a test portion of thinly sheeted test sample to the nearest 0,1 mg into the thermobalance. The
mass taken should preferably be in agreement with the manufacturer’s instructions, but will commonly
be in the range 4 mg to 10 mg.

NOTE

In this case, accurate pre-weighing is unnecessary.

© ISO 2016 - All rights res
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7.3 Close the apparatus and purge with a stream of nitrogen at a constant and pre-determined flow
rate which is in agreement with the manufacturer’s instructions. Continue purging with nitrogen for a
time greater than the purge time, t;, (see 6.1).

NOTE The presence of trace amounts of air or oxygen in the apparatus during heating under nitrogen will
lead to erroneous results, and it will not be possible to obtain a constant mass during heating of black-filled
materials at 600 °C. To minimize the purge time, it is advisable to maintain a stream of nitrogen through the
apparatus even when it is not in use.

7.4 Raise the oven temperature to 600 °C at a rate of 20 °C/min with a nitrogen atmosphere. When the
temperature of 600 °C is reached, the polymer should be completely pyrolysed and the mass indicated on
the ass/temperature plot should be constant. If not, maintain the temperature at 600 °Caurtil the mass
indi¢ated is constant.

7.5 | Cool the oven from 600 °C to 400 °C with a nitrogen atmosphere and allow_the-0ven td equilibrate
at 400 °C for 5 min.

7.6 | Switch from the stream of nitrogen to a stream of air or oxygen. Adjust the total rate of gas flow
thropigh the apparatus so that there is no discernible change in the apparent mass of the sample in order
to cqrrect for changes in buoyancy.

7.7 | Raise the oven temperature from 400 °C to 800 °C at a rate 6f 10 °C/min.
7.8 | Maintain the oven temperature at 800 °C for 5 min @r-until the mass is constant.

7.9 | Switch off the oven heater and replace the stream of air or oxygen by a stream of pufre nitrogen.
Switrh off the recorder and check the colour of the;ash in the balance pan.

8 Expression of results

8.1 | Recordings
Makg two different types of récording to enable the necessary calculations to be made:

a) pplotof the percentage loss in mass (mass %) vs. temperature (curve 1 in Figure 1);

d(mass %)
b) p derivative plot) T (curve 2 in Figure 1).

Thege will beused to obtain the contents of the various compounding ingredients.
NOTE Figure 1 was obtained from the analysis of an acrylonitrile-butadiene copolymer containing 33 % by

masq of aerylonitrile. A carbonaceous residue due to pyrolysis of the NBR in nitrogen is revealed at the beginning
of pylrolysis in an oxidative atmosphere.

8.2 Approximate determination of plasticizers and non-rubber organic compounds

8.2.1 The first peak in the derivative curve (point A in Figure 1) corresponds to the maximum rate
of pyrolysis and volatilization of the volatile ingredients, mainly plasticizers and non-rubber organic
compounds, in nitrogen. When the trough following this peak is reached (point B), pyrolysis of these
ingredients is complete.

8.2.2 Transfer from point B on the derivative curve (curve 2) to point B’ vertically above it on the
main curve (curve 1). When necessary, allow for any shift in origin between the two curves. Read off the
percentage loss in mass corresponding to that point. The difference between this reading and 100 %
(P1) corresponds to the volatile-matter content, plasticizer included, expressed as a percentage by mass.

© IS0 2016 - All rights reserved 5
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Since, in this region, overlap with low-molecular-mass fractions of the polymer is possible, the value
obtained can only be considered as an approximate guide to the content of plasticizers and non-rubber
ingredients in the compound.

8.3 Total organic content
8.3.1 Hydrocarbons

8.3.1.1 The second peakin the derivative curve (point C) corresponds to the maximum rate of pyrolysis
in nitrogen of the hydrocarbons. Applying the same approach as for non-rubber organic materials,
consider the trough following this peak (point D) as the point where rubber pyrolysis in nitregén at
600 °C has feached completion.

6 © IS0 2016 - All rights reserved
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Mass, %

IElm

P2
P4

50

Temperature, °C

1  main curve (mass ys.t€mperature)

2 ferivative curye

Determination @f-plasticizers and non-rubber organic compounds (see 8.2)
A [irst peakin/derivative curve

B firstarough in derivative curve following point A

B’ péint on main curve corresponding to point B on derivative curve

P1 volatile-matter content (mass %)

Determination of hydrocarbons (see 8.3.1)

C second peak in derivative curve

D second trough in derivative curve

D’ point on main curve corresponding to point D on derivative curve
P2 hydrocarbon content in mass %

P3 carbonaceous-residue content in mass %

Determination of NBR, CIIR and BIIR (see 8.3.2)

E  third peakin derivative curve

F  third trough in derivative curve

© IS0 2016 - All rights reserved 7
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F'  pointon

main curve corresponding to point F on derivative curve

P4 NBR, CIIR and BIIR content in mass %
Determination of carbon black (see 8.4)

G
H
H'
P5

point on
carbon b

Determinatio

P6

fourth tro

fourth peak in derivative curve

ugh in derivative curve

main curve corresponding to point H on derivative curve
lack content in mass %

n of inorganic fillers and ash (see 8.5)

inorganic-filler and ash content in mass %

8.3.1.2 Ti
Read off the
100 % (P1 4

8.3.1.3 The total rubber content is calculated by subtracting the value of thesolvent extract, determ
ce with ISO 1407, from the total organic content, provided that all of the non-rubber org

in accordan
ingredients

8.3.2 Acr

8.3.2.1 Rubbers containing acrylonitrile or halogen entities will not pyrolyse completely in nitrg

They will 1¢
the oven to
and mainta
correspond

8.3.2.2 Fd
above, a rat
in air or ox]
carbonaceo
added to th

8.3.2.3 Ty

peak to point F’ verticallitabove it on the main curve. Read off the percentage loss in mass correspon|

to that poin
total organi

NOTE T

ansfer from point D on the derivative curve to point D’ vertically above it ¢n'the main c

ylonitrile-butadiene and halobutyl rubbers

Figure 1 — Mass/temperature plot

percentage loss in mass corresponding to that point. The difference between this reading
P2) corresponds to the total organic hydrocarbon content, expressed as\a percentage by 1

can be extracted.

ave a small amount of carbonaceous residue: To burn off the carbonaceous residue,
400 °C and switch the gas from nitrogen-to air (or oxygen). Then raise the oven to 8(
n at this temperature until constant mass is reached. The additional percentage mass
5 to the pyrolysis of the carbonaceousiresidue.

r nitrile and halogenated-butyl rubbers, beyond the pyrolysis peak in nitrogen descr]
her weak first peak is observed in the derivative curve (point E) at the beginning of pyr
Fgen. This corresponds tothe maximum rate of pyrolysis in an oxidative atmosphere o
s residue produced by the pyrolysis in nitrogen. This contribution shall be determined
e total organic content(P1 + P2).

ansfer from the trough (point F) in the derivative curve following the carbonaceous-res

t. The difference between this reading and 100 % (P1 + P4) corresponds to the corrg
C contént'of nitrile and halogenated rubbers, expressed as percentage by mass.

jirve.

and

(1aSS.

ined
anic

gen.
cool
0°C
loss

ibed

o he

and

idue
ding
cted

héanount of carbonaceous residue is given by P3 in Figure 1.

8.3.2.4 The total rubber content is calculated by subtracting the value of the solvent extract,
determined in accordance with ISO 1407, from the total organic content, provided that all non-rubber
organic ingredients can be extracted.

8.4 Carbon black

8.4.1 The percentage loss in mass on heating in air (or oxygen) to 800 °C after all carbonaceous residue

has been vo

latilized is the amount of carbon black in the sample.
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