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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
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Rubber — Identification — Infrared spectrometric methods

1 Scope

This International Standard specifies two methods for the identification of rubbers, including
thermoplastic elastomers, either in the raw state or in the form of vulcanized or unvulcanized mixes.
The first method is based on infrared spectrometric examination using the transmission technique. The
secm]: method makKes use of analysis by reflectance.

A comnparison of the spectra resulting from reflectance (attenuated total refléctan¢e ATR) and
transmission (film) is given in Annex A.

Both methods comprise examination of polymers by their pyrolysis products {pyrolysateg), or by films
cast ffom solution or obtained by moulding (for raw rubbers only).

Typicpl spectra are given in Annex B.

The principle of the methods implies that sample preparation and-analysis of the infrared spectra are
carri¢d out by experienced personnel and that the equipmenfiused for the production jof spectra is
opergted in accordance with the manufacturer’s instructions for optimum performance. Details of the
operdtion of infrared spectrometers are not included in this)nternational Standard.

The methods specified are qualitative methods only.

2 Normative references

The fpllowing documents, in whole or in\part, are normatively referenced in this docurpent and are
indislﬂ)ensable to its application. For undated references, the latest edition of the referencpd document
(including any amendments) applies.

ISO 1407, Rubber — Determination:of solvent extract

ISO 18064, Thermoplastic elastomers — Nomenclature and abbreviated terms

3 Principle

3.1 |AnalysisPy transmission

The ektractable material is first extracted from a test sample of the rubber and the rubber then prepared

under precise conditions for spectroscopy in the form of raw polymer film, vulcanizate pyrolysate or
vulca mhmmmﬁmmmmmhiet of typical

reference spectra.

3.2 Analysis by reflectance

This technique is directly applicable to raw rubbers and to vulcanized and unvulcanized rubbers. In the
case of vulcanized and unvulcanized rubbers, the presence of organic or mineral additives can affect the
interpretation of the spectrum.

© IS0 2012 - All rights reserved 1
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4 Types of rubber

4.1 General

Both methods are applicable to rubbers in the raw state and, if compounded, in both the vulcanized and
unvulcanized states. They are applicable to the following types of rubber occurring either alone or in
a binary mixture when the proportion of the minor component is, in general, between 10 % to 20 % by
mass of the mixture (see, however, exceptions in 4.2).

4.1.1 Mgroup

4.1.1.1 Acyylic rubber (ACM): Copolymer of ethyl acrylate (or other acrylates) and a small amopnt of
a monomer which facilitates vulcanization.

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

4.1.1.3 Chloropolyethylene (CM) and chlorosulfonylpolyethylene (CSM):-The methods will not
differentiate CM from CSM, and it will not differentiate between different types of CSM.

4.1.1.4 Ethylene-propylene copolymer (EPM) and ethylene:prepylene-diene terpolymer
(EPDM): The¢ methods will not differentiate between the two types ofjpolymer. However, examination of
the spectrunj gives some information about the ethylene-to-propylene ratio.

4.1.1.5 Fldorocarbon rubber (FKM): Examination of the pytrolysate may give some information pbout
the differentfgrades of fluorocarbon rubber present.

4.1.2 O group

4.1.2.1 Polychloromethyloxirane (CO): Copolymer of ethylene oxide and chloromethyloxirane [ECO)
and terpolynlers (GECO). Examination of the pyrolysate will not differentiate between different types|of CO.

4.1.3 Qgroup

4.1.3.1 Polydimethylsiloxane--(MQ), polymethylphenylsiloxane (PMQ) and polymethyl-
fluorosiloxane (FMQ): Examination of the pyrolysate will differentiate PMQ from MQ.

4.1.4 Rgroup

4.1.4.1 Butadienerubber (BR): Examination of the pyrolysate will not differentiate between butddiene
rubbers havipg-different isomer ratios. However, examination of a raw rubber film gives some infornllation
about the isomerratio.

4.1.4.2 Chloroprene rubber (CR): The methods will not differentiate between the different types of CR.

4.1.4.3 Isobutene-isoprene rubber (IIR) and halogenated isobutene-isoprene rubbers (BIIR and
CIIR) and brominated isobutylene-co-p-methylstyrene (BIMS): Under the conditions used, it is not
possible to differentiate between IIR, BIIR, CIIR and polyisobutene.

4.1.4.4 Natural rubber (NR) and synthetic isoprene rubber (IR): Natural rubber (1,4-cis-
polyisoprene), gutta percha, balata (1,4-trans-polyisoprene) and synthetic isoprene rubber, whatever
their microstructure (1,4-cis, 1,4-trans or 3,4-), are included.

2 © IS0 2012 - All rights reserved
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4.1.4.4.1 Examination of a rubber film will differentiate between 1,4-cis, 1,4-trans and 3,4-polyisoprenes;
for non-extracted rubbers, it will differentiate natural rubber from 1,4-cis synthetic isoprene rubber, and
1,4-trans natural polyisoprenes from their synthetic counterparts. Examination of the pyrolysate film
obtained from a vulcanizate provides no information on the microstructure of the polyisoprene or its
origin, whether natural or synthetic.

4.1.4.5 Acrylonitrile-butadienerubber (NBR): The methods will differentiate carboxylicacrylonitrile-
butadiene rubbers (XNBRs) from hydrogenated acrylonitrile-butadiene rubbers (HNBRs). Associations of
butadiene copolymers and PVC are included. Examination of the pyrolysate film gives some information
about the acrylonitrile content.

4.1.4)6 Styrene-butadiene rubber (SBR): The methods will differentiate a-methylstyrehe-butadiene
rubbdrs from styrene-butadiene rubbers. Copolymers of styrene and butadiene, as\well as of their
substjtuted derivatives (e.g. a-methylstyrene), are included. Examination of a.pyrolygate will not
differpntiate emulsion-polymerized rubbers from solution-polymerized rubbers;,-However| examination
of a spectrum gives some information about the monomer ratio.

4.1.4]7 Polynorbornene.
4.1.5| T group

4.1.5]1 Polysulfide rubbers.
4.1.6| Ugroup

4.1.6]1 Polyester urethane (AU) and polyether urethane (EU): The methods cover pnly millable
polyufrethanes.

4.1.7| TPE group
4.1.711 As defined in ISO 18064.
4.2 |Exceptions for blends

4.2.1| Analysis of a blend of ethylene-propylene rubber with other rubbers presents difficulties when its
ethyl¢ne-propyleneeontent is below 40 %.

4.2.2| The methods will not differentiate between blends of ethylene-propylene rubber with chlorinated
polyethylene'and/or chloro-sulfonated polyethylene.

4.2.3 —Analysisofablend-ofnaturalandforsynthetie polyisoprene-andchleroprenerubber may present
difficulties, and identification of the minor component may only be possible when the content is equal to
or greater than 30 % in the blend.

4.2.4 Themethodswillnotdifferentiate NBR from NBR/BRblends or NBR blends, nor will it differentiate
SBR from SBR/BR blends or SBR blends.

4.2.5 The presence of high quantities of sulfur in a vulcanizate may affect some characteristic bands.

4.2.6 The methods will not differentiate NBR/PVC blends from blends of NBR with other halogenated
polymers or additives.

© IS0 2012 - All rights reserved 3
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4.3 Reference spectra

Tables of absorption characteristics and reference spectra from 4 000 cm-1 to 600 cm-1 for typical
rubbers are given in Annex B.

5 Reagents

5.1 Nitrogen, in pressurized cylinders.

5.2 Extraction solvents, chosen to achieve maximum extraction (alternative solvents may be used on

condition thg
5.2.1 Meth
5.2.2 Acet
5.3 Solvern
(see ISO 140
5.3.1 Chlo
53.2 1,2-q

t it can be shown that they do not interfere with the interpretation of the infrared spect
lanol.
bne.

ts for rubber dissolution and film preparation, water-freenand free from reg
7):

roform.

ichlorobenzene.

5.4 Sodium sulfate, anhydrous.

5.5 Univer
6 Appard
6.1 Extrac

sal pH-indicator paper.

jtus

tion apparatus.

The apparatiis specified in ISO 1407 is satisfactory.

6.2 Pyroly
the sample fy
ground-glass
condenser ty

sis apparatus (See Figure 1), comprising a glass tube A having inward projections to pr
om falling tothe’bottom of the tube, and a lateral condenser tube. The tube A has a sta
joint B that earries a small glass adductor tube. A collecting tube C is placed und
be. A thérmoregulated electric furnace D accommodates an aluminium block E with

for one or m¢re tubesA.

rum):

idues

event
ndard
br the
holes
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D
Key
A glass tube for sample
B  ground-glass joint
C collecting tube
D thermoregulated electric furnace
E  aluminium block, bored to hold tubes
F  thermocouple

Figure I'—~Temperature-controlled pyrolysis apparatus

6.3 [Capillary pipettes:
6.4 |[Oven, capable of being maintained at 200 °C = 5 °C.

6.5 |Water-bath.

6.6 Polished potassium bromide sait plates.

Other infrared transmission materials may be used if they show sufficient transmittance for analysis
within a wavenumber range between 4 000 cm-1 and 600 cm-1.

6.7 Filter aid, e.g. diatomaceous earth or similar.

6.8 Infrared spectrometer, of either the Fourier transform or dispersive type, with a wavenumber
range of 4 000 cm-1 to 600 cm-1 and a spectral resolution of 4 cm-1 or higher.

6.9 ATR (attenuated total reflectance) attachment with a suitable reflecting crystal (e.g.
diamond, ZnSe, Ge).

© IS0 2012 - All rights reserved 5
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7 Procedure for infrared spectrometric examination using the transmission
technique

7.1 Procedure for raw rubber films moulded or cast from solution

7.1.1 Using a suitable solvent (see 5.2), extract the extractable material from a test sampleof 2gto5g
in accordance with the procedure given in ISO 1407.

7.1.2 Dissolve a sufficient amount of the extracted rubber in a suitable solvent (see 5.3), at room
temperature or under reflux, to give a concentrated solution.

7.1.3 Placq a few drops of the concentrated solution on a potassium bromide salt plate (6.6)and|allow
the solvent t¢ evaporate.

7.1.4 Filmg of raw rubber of a suitable thickness may also be obtained by moulding:
7.1.5 Recold the spectrum from 4 000 cm-1 to 600 cm-1 using the infrared spectrometer (6.8).

7.1.6 Afterrecording the spectrum, verify that no solvent absorption bands are present and chedk that
the bands of|the spectrum are neither off-scale nor too low. If these ¢onditions are not met, repept the
preparation procedure on a fresh test sample and record a new spectrum.

7.1.7 A test for halogens may be carried out as described in.7:21.4.

7.2 Procedure for raw rubbers, vulcanizates and films obtained from pyrolysate

NOTE THe methods described in 7.2.1 and 7.2.2 may.give different relative absorbances for the polynpers in
a given blend.

7.2.1 Preférred method: Temperature-controlled pyrolysis in a stream of nitrogen
7.2.1.1 Extracta 2 gto5 gtest samplein accordance with the procedure given in ISO 1407.

7.2.1.2 Depending on the nature of the composition of the unknown vulcanizate and of the type of
apparatus usgd, place 0,5 g te.2g of the extracted, dried test sample in the pyrolysis tube A (see Figyre 1).

7.2.1.3 Introduce asmall quantity of sodium sulfate in the collector tube C to absorb water formed in
the pyrolysis

7.2.1.4 Cayry-out a test for halogen, for instance by placing a strip of moistened indicator paper (5.5)
across the mouth of the collecting tube. An acid colour, pH 1 to pH Z, indicates the presence of halogen.
Residues of halogenated additives present in the vulcanizate may cause interference. Other suitable
halogen-detection methods may also be used.

7.2.1.5 Bring the electric furnace D to 525 °C + 50 °C and hold within this temperature range. This
temperature range is recommended to obtain rapid pyrolysis without excessive degradation or
carbonization. A temperature of 475 °C is advised, however, to obtain the maximum quantity of pyrolysate
for NR, IR, BR, SBR, IIR, BIIR and CIIR.

7.2.1.6 After substituting the pyrolysis tube A containing prepared sample inside with nitrogen (5.1),
pass a slow stream of nitrogen through the tube and into a hole in the aluminium block E. Nitrogen serves
to displace air, prevent oxidation and facilitate transfer of the pyrolysis products into the collecting tube
C. Maintain the nitrogen flow at 10 cm3/min * 2 cm3/min.

6 © IS0 2012 - All rights reserved
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7.2.1.7 Continue the heating to complete distillation, i.e. for about 15 min.

7.2.1.8 Place a few drops of the homogenized pyrolysate between two potassium bromide salt plates and
mount the cell in the infrared spectrometer. Run the spectrum immediately after pyrolysis to avoid oxidation.

7.2.1.9 Record the infrared spectrum from 4 000 cm-1 to 600 cm-1, performing the same checks as
described in 7.1.6.

7.2.2 Alternative method: Gas flame pyrolysis

7.2.2]T Rapid pyrolysis may be performed in a test tube in place of the procedures descried in 7.2.1.2,
7.2.1.8,7.2.1.5,7.2.1.6 and 7.2.1.7.

7.3 [Procedure for vulcanized rubber film obtained after evaporation.of the splution
solvgnt
NOTE The methods described in 7.3.1 and 7.3.2 may give different relative-absorbances for the polymers in a

given plend. The films obtained by the method described in 7.3.2 may contain a*higher proportion of the thermally
less stjable polymer.

7.3.1| Dissolution of vulcanizate

7.3.1{1 Prepare a test sample of about 2 g (or 6 g if the presence of chloroprene rubber |s suspected)
(see 7.3.1.2 and 7.3.1.3) and proceed with the extractionas described in ISO 1407.

7.3.1{2 Pyrolyse approximately 1 g of the prépared test sample and carry out a halogen test as
descrjbed in 7.2.1.4.

7.3.1{3 Ifno chloroprene rubber is present, place 1 g of the test sample prepared in 7.3.1.]l and 50 cm3
of a sglvent appropriate to the rubber type (see 5.3) (1,2-dichlorobenzene is suggested) in a 100 cm3 flask
fitted[with a reflux condenser. If chloroprene rubber is present, place approximately 5 g of thie test sample
prepdred in 7.3.1.1 with 200 cm3-of' solvent in a 500 cm3 flask fitted with a reflux condenser:

Heat the contents until the-test'sample has dissolved.

The tlme required for,adequate dissolution varies depending on the rubber, e.g. 3 h to 4 h{ for NR; 12 h
for CR. To reduce theisk of altering the molecular structure of the rubber, do not exceed 12 h heating.

7.3.144 Ifthe'rubber does not contain carbon black, centrifuge to eliminate mineral fillers,

7.3.1{5_~If'the rubber contains carbon black, add 10 g to 20 g of filter aid (6.7) and filter through ordinary
filter paper. Should the filtrate contain carbon black, repeat the filtration with more filter aﬂi.

NOTE Acrylonitrile-butadiene rubber (NBR) may be retained on the filter paper.

7.3.1.6 Concentrate the centrifuged or filtered solution to a small volume under a stream of nitrogen
(5.1) or reduced pressure.

7.3.1.7 Evaporate a few drops of the concentrated solution on a potassium bromide salt plate.

7.3.1.8 Record the infrared spectrum from 4 000 cm-1 to 600 cm-1, performing the same checks as
described in 7.1.6.

© IS0 2012 - All rights reserved 7
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7.3.2 Mild

7.3.2.1 Thi

thermal degradation of vulcanizates

s technique shall not be used on blends which may contain chloroprene rubber.

7.3.2.2 Prepare a test sample of 2 g as described in 7.2.1.1

7.3.2.3 Place the prepared test sample in a test tube capped with glass wool and heat for about 10 min
in an oven (6.4) regulated at 200 °C + 5 °C (a temperature of 180 °C is advised for NR, IR, BR, SBR, IIR, BIIR
and CIIR rubbers).

7.3.2.4 Allpw the test sample to cool, transfer to a T00 cm3 flask fitted with a reflux condenser,an

50 cm3 of ch

oroform (5.3.1) to the flask. Place the flask in a hot water bath.

7.3.2.5 Allpw the flask and contents to remain for about 30 min in the water bath, with the s

refluxing, to

Hissolve the degraded rubber.

7.3.2.6 Filter the mixture obtained in 7.3.2.5 through filter paper to remove anytuidissolved vulcal

and fillers. SH
the solution |

7.3.2.7 Wh
which might
obtained in 7

7.3.2.8 Evd
a film thickn
7.3.2.9 Req
7.1.6.

8 Proced

8.1 Carry ¢

jould carbon black be released from the vulcanizate, add a small amount of filter aid (¢
pefore filtering.

en it is suspected that the filtrate obtained in 7.3.2.6 contains material other than r
interfere in the interpretation of the final spectrum, precipitate the polymer from the f;
3.2.6 using methanol. Filter off the recovered polymer and redissolve it in chloroform (

porate a few drops of the chloroform solution:on a potassium bromide salt plate (6.6) t
bss suitable for the production of an analytical’'spectrum.

ord the spectrum from 4 000 cm-1 t0.600 cm-1, performing the same checks as descri

ure for attenuated total reflectance (ATR or micro-ATR) surface ana

ut an extraction of the test sample in accordance with ISO 1407, using a suitable solvg

clean the sample surface with the-solvent, and then dry quickly to eliminate the solvent.

8.2 C(Cleant

8.3 Placet

he crystal surface before the test.

he test'Sample on the crystal, ensuring good contact.

d add

hlvent

hizate
.7) to

ubber
Itrate
b.3.1).

0 give

bed in

lysis

nt, or

8.4 Recor

the spectrum

NOTE
eliminated by

specific chemical attacks from surface, under particular conditions.

9 Interpretation of spectra

9.1 Reference spectra

The presence of some mineral fillers may mask the polymer spectrum. Sometimes, they may be

9.1.1 Due to the existence of different spectral presentation modes, it may be necessary to prepare a set
of reference spectra on the same infrared spectrometer as is used to analyse the unknown samples.
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9.1.2 Reference spectra shall be produced from test samples of known composition, following the

proce

dure used for unknown samples.

9.1.3 Spectra of mixtures are not given in Annex B because of the multiplicity of polymer combinations
and proportions. Each laboratory should prepare its own set from test samples of known composition.

9.1.4 Small, but unavoidable, variations in experimental conditions and instrument characteristics may
give rise to slight differences in spectra. Spectra produced at different times may not be identical in terms
of peak height and absorbance.

9.1.5

9.1.6
wavel
unexj
their

9.2

9.2.1
referd

9.2.2
absern

9.2.3
band
ident

pyrol)
variat
10 T
The t
a) s

1

N

L 1l e 1 111 e, . i | - - - ) A S il b e 1
HT dII'CAsTS, SPTLlld SHdIT UT HILCTT PITLCU UTAlIllg T HIHTIIU LUIT TTSUIT UT ULIIT LCSUTUT 11d

The comparison between test spectra and reference spectra shall take)into
iumbers of the bands, how many bands are present, their relative intensjty\and th¢
ected bands shall also be interpreted. It is essential that all the bands beeXamined, ix
humber.

Tables of diagnostic absorptions

The tables of diagnostic absorption bands given in AnnexBjshall be used only in con
nce spectra. Their purpose is to indicate the principal abSorption bands.

The tables complement the reference spectra by drawing attention to absorption bay

Diagnostic absorption bands are classified by increasing wavenumber. A diagnost

fication. These features, associated with certain compositional or structural charactg
sates and films, are reproducible-in-the sense that they are not seriously influenced
ions in the conditions of pyrolysis.or of dissolution.

est report
st report shall include’the following particulars:
hmple details:

a full deSeription of the sample,

if appropriate, the method of preparation of the test sample from the sample;

t, permitting the elimination of certain rubbers when ambiguity could otherwise arisg.

ogen.

account the

pir form. Any

respective of

unction with

1ds which are

c absorption

is one whose features are recognized by an experienced analyst as being of significanmce in rubber

ristics of the
by moderate

b) t¢

pstmethod:

1) areference to this International Standard, i.e. ISO 4650,

2) the test procedure used (film or ATR);

c d

etails of any procedures not specified in this International Standard;

d) the testresults, i.e.identification of the rubber(s) in the sample;

e) the date of the test.
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Annex A
(informative)

Comparison of reflectance and transmission spectra

Spectra resulting from reflectance (ATR) and transmission (film) differ only in the intensity of the
absorption bands. Figure A.1 shows a comparison of the two types of spectrum.

Key

NP <X

Y
1,1

1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1

ot

[N I BN N T T T T ST T T .

0

wave number, cm-1

absorban
transmisy
ATR spec

Figure A

10

Ce, %
ion (film) spectrum
rum

1 4 Acrylic rubber (ACM) — Comparison of transmission (film) and reflectanice
(ATR) spectra nl
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position of the bands, how many there are, their relative intensity and their-shape.
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B.2.2

NOTE
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Annex B
(informative)

Absorption characteristics and reference spectra

General

This annex provides tables of absorption characteristics and figures showing refei
rolysates and films.

Comparisons between sample spectra and reference spectra will havécto take intg

It is essential that all the bands in a spectrum be examined, withuno restrictions on th
ched for characteristic bands.

Tables of absorption characteristics and figures showing reference

In order to ease the task of the user of this International Standard, the scale ch
htation of the spectra is designed to show clearly the specific absorption bands.

Table B.1 indicates which figures correspond to the reference spectra for which typ

Absorption by carbon dioxide (in the neighbourhood of 2 350 cm-1 and 670 cm-1)
ples (4 000 cm-1 to 3 500 cm-1 and2 000 cm-1 to 1 500 cm-1) can also be observed in the sp4

ence spectra

account the

e zone which

spectra

osen for the

bs of rubber.

and by water
ctra.

Table B.1 — Types of rubber and corresponding reference spectra

Figure number
Taple |Symbol for
nunmbber yrubber Type of rubber Raw polymer | vyulcanizate
Film | ATR | pyrolysate
M group
B|2 ACM Acrylic rubber B.1a) | B.1b) B.2
B|3 AEM Acrylic and ethylene rubber B.3a) | B.3b) B.4
Bl4 CM Chloropolyethylene B.5a) | B.5b) B.6
Bf5 CSM Chlorosulfonylpolyethylene B.7a) | B.7b) B.8
B® EPDM Ethylene-propytene-diene terpolymer B9a)j | B9D) B.10
B.7 FKM Fluorocarbon rubber B.11a) | B.11Db) B.12
O group
B.8 co Polychloromethyloxirane B.13a) | B.13 b) B.14
B.9 ECO Copolymer of ethylene oxide and chloromethyl- B.15a) | B.15b) B.16
oxirane
B.10 GECO Terpolymer of epichlorohydrin-ethylene oxide- B.17a) | B.17 b) B.18
allyl glycidyl ether
Q group
B.11 MQ Polydimethylsiloxane B.19a) | B.19b) B.20
B.12 PMQ Polyphenylmethylsiloxane B.21a) | B.21b) B.22
B.13 FMQ Polymethylfluorosiloxane B.23a) | B.23 b) B.24
R group
© IS0 2012 - All rights reserved 11
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Table B.1 (continued)

Figure number
nﬁi?liir Sy;:llgglef‘or Type of rubber Raw polymer | yylcanizate
Film | ATR | pyrolysate
B.14 BR Butadiene rubber
high-cis BR B.25a) | B.25b) B.26
high-trans BR B.27 —
low-cis BR B.28 —
B.15 CR Chloroprene rubber B.29a) | B.29b) B.30
B.16 IIR Isobutene-isoprene rubber B.31a) | B.31b) B.32
B.17 BIIR Bromo-isobutene-isoprene rubber B.33 — B\34
B.18 BIMS Brominated isobutylene-co-p-methylstyrene B.35a) | B.35b) B!36
B.19 NR Natural rubber B.37a) | B.37 b) B.38
B.20 IR Synthetic isoprene rubber
high-cis IR B.39a) | B.39') B.40
high-trans IR B.41 == B.4P
B.21 341R B.43 a)B.43 b) B.44
B.22 NBR Acrylonitrile-butadiene rubber B.45 d)-[-B.45 b) B.4/6
B.23 HNBR  [Hydrogenated acrylonitrile-butadiene rubber B.47a) | B.47 b) B.48
B.24 XNBR  |Carboxylic-acrylonitrile-butadiene rubber B@9a) | B.49b) B.5(0
B.25 NBR/PVC |Acrylonitrile-butadiene rubber associated with PVC_{¢B.51 a) | B.51 b) B.52
B.26 SBR Styrene-butadiene rubber B.53
E-SBR  |Emulsion-polymerized SBR
23,5 % styrene E-SBR B.54 — B.5)5
high-styrene E-SBR B.56 —
S-SBR  [Solution-polymerized SBR
high-vinyl S-SBR B.57 —
high-styrene S-SBR B.58 —
B.27 HSBR Hydrogenated styrene-butadiene-ruitbber B.59 —
T group
B.28 EOT  |Polysulfide | B6o | Bl
U group
B.29 AU Polyesterurethane B.62a) | B.62b) B.6]3
B.30 EU Polyetherurethane B.64 a) | B.64 b) B.6p5
TFE group
B.31 TPS-SBS |Block cepolymer of styrene and butadiene B.66
B.32 TPS-SEBS |Polystyrene-poly(ethylene-butylene)-polystyrene B.67
B.33 TPS-SIS |Block/copolymer of styrene and isoprene B.68
B.34 TPS-SEPS [Rolystyrene-poly(ethylene-propylene)-polystyrene B.69
B.35 TPZ Syndiotactic poly(1,2-butadiene) B.70
B.36 TPC-EE~"|Copolyester TPE with a soft segment with ester and B.71
ether linkages
Table B.2 — Acrylic rubber (ACM)
Raw polymer Pyrolysate (vulcanizate)

Wave number

. Wave number
Functional group

Functional group

cm-1 cm-1
| |
1150to 1260 —(IJ—O— 1150to 1260 —(IJ—O—
1740 >C=0 1740 >C=0

12
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Figure B.1 — Acrylic rubber — Raw polymer
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Figure B.2 — Acrylic rubber — Vulcanizate
Table B.3 — Acrylic and ethyléene rubber (AEM)
Raw polymer Pyrolysate (vulcanizate)
Wave number Functional grou Wave number Functional gro
cmp-1 g P cm-1 group
725 — (CH2)i—
| |
1150tp 1260 —(II—O— 1150to 1260 —(II—O—
1460 — CH; — 1460 — CHp —
1740 >C=0 1740 >C=0
14
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Figure B.3 — Aerylic and ethylene rubber — Raw polymer

16 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=9486d2ff63b1ab38f88c61107744df87

7
95
901
85
80
753
703

65

Cor

ISO 4650:2012(E)

sog
s8]
sof
455
a0
355
a0f
255

20H

4400 3500

3000 2500

X  wave number, cm-1

Y tiansmittance, %

Figure B.4 — Acrylic and ethylene rubber — Vulcanizate

2000

Table B.4 — Chloropolyethylene (CM)

1500

1000 500 X

Raw polymer Pyrolysate (vulcanizate)
Wavi::_llm ber Functional group Wavi:ll_llm ber Functiorlal group
600 to 700 —%—(‘l— 600 to 700 —(:‘—-Cl—
720 (CH2)n 820 to 890 >C=CH;
910 — CH=CH
970 — CH = CH — (trans)
990 — CH=CHy
1370 CH3
1460 — CHy — 1460 — CHz —

NOTE The spectrum varies very considerably with changes in chlorine content.

© IS0 2012 - All rights reserved
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Figure B.5 — Chloropolyethylene — Raw polymer
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Figure B.6 — Chloropolyethylene — Vulcanizate
Table B.5 — Chlorosulfonylpolyethylene (CSM)
Raw polymer Pyrolysate (vulcanizate)
Wave number Functional grou Wave number Functiorlal grou
cm-1 g P cm-1 g p
720 (CH2)» 695
720 (CH2)n
|
740 —(IZ—'CI—
815
910 — CH|=CH;
14160 — S0,Cl 970 — CH = CH — (trans)
18260 990 — CH|=CH;
1370 — CH3
1460 — CHp — 1460 — CHy —

© IS0 2012 - All rights reserved 19
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Figure B.7 — Chlorosulfonylpolyethylene — Raw polymer
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Figure B.8 — Chlorosulfonylpolyéthylene — Vulcanizate

Table B.6 — Ethylene-propylene-diene terpolymer (EPDM)

——h
3000

r———r——
2000

Pyrolysate (vulcanizate)

Raw polymer
Wavi Ilrlll_l;nbel‘ Functiof3 sroup Wa"‘zr‘:l‘_‘lmber Functionjal group
720 (CHz)n 720 (CH2)n
890 >(C+HCHp
910 — CH|=CH;
970 — CH = CH — (trans)
990 — CH|= CH
1370 — CH3 1370 — (CH3
1 450 — CHy — 1460 —CH, —

© IS0 2012 - All rights reserved
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Figure B.9 — Ethylene-propylene-diene terpolymer — Raw polymer
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Figure B.10 — Ethylene-propylene-dienie terpolymer — Vulcanizate

Table B.7 — Fluorocarbon rubber (FKM)

Raw polymer Pyrolysate (vulcanizate)
Wave number Functional grou Wave number Functiorjal grou
cm-1 group cm-1 group
|
1000to 1400 —(IZ—F 1000to 1400 —(ll—F
YA
T T T ¥ T T T T T I M T M T T T T T I T T T T T T | T Lo
4 000 3 000 2 000 1 000 X

a) Film
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Figure B.11 = Fluorocarbon rubber — Raw polymer
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Figure B.12 — Fluorocarbontubber — Vulcanizate

Table B.8 — Polychloromethyloxirane (CO)

3 000

2000 12000

xy

Raw polymer

Pyrolysate (vulcanizate)

Wave number . Wave number .
a1 Functional group 1 Functiorjal group
cm cm
|
750 —(II—Cl
| | | |
1100 —(IJ—O—(IT— 1100 —(IJ—()—(IJ—

NOTE

The absorptien by the carbonyl group at about 1 720 cm-1 observed in pyrolysate spectra is not typ
of rubper. It results.froni the pyrolysis.

cal of this type

© IS0 2012 - All rights reserved
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Figure B.13 — Polychloromethyloxirane — Raw polymer
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Figure B.14 — Polychloromethyloxirane — Vulcanizate

Table B.9 — Copolymer of ethylene oxide and chloromethyloxirane (ECO

Raw polymer Pyrolysate (vulcanizate)
Wave number . Wave number .
1 Functional group 1 Functiorlal group
cm cm
|
750 —(II—Cl
| | | |
1100 —(II—O—(II— 1100 —(II— —(II—

© IS0 2012 - All rights reserved
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Figure B.15 — Copolymer of ethylene oxide and chloromethyloxirane — Raw polymer
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Figure B.16 — Copolymer.of ethylene oxide and chloromethyloxirane — Vulcapizate
Table B.10 — Terpeolymer of epichlorohydrin-ethylene oxide-allyl glycidyl ether] (GECO)
Raw.polymer Pyrolysate (vulcanizate)
Wave number . Wave number .
1 Functional group 1 Functiorlal group
cm cm
|
750 —(IZ—Cl
} } } |
1100 —(II—O—(IZ— 1100 —(II—O—(II—
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Figure B.18|— Terpolymer of epichlofehydrin-ethylene oxide-allyl glycidyl ether — Vulcanlizate

Table’B.11 — Polydimethylsiloxane (MQ)

Raw polymer

Pyrolysate (vulcanizate)

Wave qumber

cn|1—1

Functional group

Wave number
cm-1

Functional group

800

>Si (— CH3)z

800

>Si (— CH3)2

860

>Si (— CH3)2

860

>Si (— CH3)2

1020to 1090

—Si—0—-Si—
| |

1020to 1090

] ]
—Sli—O—SIi—

1260

> Si (— CH3)2

1260

> Si (— CH3)»

32
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Figure B.19 — Polydimethylsiloxane — Raw polymer
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Figure B.20 — Polydimethylsiloxane’= Vulcanizate

Table B.12 — Polyphenylmethylsiloxane (PMQ)

Raw polymer Pyrolysate (vulcanizate)
Wave jumber Functional grou Wave number Functional gro
cn|r1 group cm-1 group
700 a1|1d 740 — CeHs 700 to 740 — CgH5s
800 > i (="CH3), 800 > Si (— CH3)s
l | | |
1020tp 1090 —Sli—O—SIi— 1020 to 1090 —Sli—O—SIi—
1360 > Si (— CH3)2 1260 > Si (— CH3)2
1580 >C=C< 1580 >C=C<
3040 = CH — Aromatic 3040 = CH — Aromatic

34
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Figure B.21 — Polyphenylmethylsiloxane — Raw polymer
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Figure B.22.-~ Polyphenylmethylsiloxane — Vulcanizate

Table B.13 — Polymethylfluorosiloxane (FMQ)

3000 2500

2000 1500

>V

1000 500

Rawpolymer

Pyrolysate (vulcanizate)

Wave number

Functional group

Wave number

Functiorlal group

cm} cm-1
[
800 —Sli—(lj— 800
: : ’ '
1010 to 1 140 —Sli—O—Sil— 1000to 1100 —Sli—O—SIi—
| |
1210 —(I:—F 1210 —(II—F
1260 > Si (— CH3)2 1260 > Si (— CH3)2
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Figure.B:23 — Polymethylfluorosiloxane — Raw polymer
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Figure B.24 — Polymethylfluorosiloxane — Vulcanizate

Table B.14 — Butadiene rubber (BR)

Raw polymer Pyrolysate (vulcanizate)
Wave 1 l_llm ber Functional group Wave m_llm ber Functional group
cm cm
730 — CH = CH — (trans) 700 Aromatic
740 — CH = CH — (cis) 740 —CH=CH—
910 — CH=CH; (vinyl) 910 —CH=CH; (vinyl)
970 —CH=CH— 970 —CH=CH—
1000 —CH=CH— 990 — CH=CHy
1370 — CH3
1650 >C=Cx<
3010 =CH—

40
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Figure B.25 — Butadiene rubber (high-cis BR) — Raw polymer
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Figure B.26 — Butadiene rubber (high-ci§BR) — Vulcanizate
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Figure B.27 — Butadiene rubber (high-trans BR) — Raw polymer
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Figure B.28 — Butadiene rubber:(low-cis BR) — Raw polymer

Table B.15 — Chloroprene rubber (CR)

1.000

Xy

Raw polymer Pyrolysate (vulcanizate)
Wave number . Wave number .
1 Functional group 1 Functiorlal group

cm cm

| |
600 to 700 —(II—Cl 700 —(IJ —Cl

820 — CCl=CH 820 >CHCH;
|

1110 —(IT—(I?—

1440 — CHz — 1450 — CHz —

1665 >C=C< 1600 Arorpatic
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Figure B.29 — Chloroprene rubber — Raw polymer
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Figure B.30 — Chloroprenexubber — Vulcanizate
Table B.16 — Isobutene-isoprene rubber (IIR)
Raw polymer Pyrolysate (vulcanizate)
Wave number Functional grou Wave number Functiorjal grou
CITI_1 g P cm—l g p
890 >(C+HCHp
1230 >C< 1230 >(<
1370 and 1 390 > C(CH3)2 1370 and 1390 > C((GH3)2
1460 — CHz — 1460 —CHy—
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Figure B.31 — Isobutene-isoprene rubber — Raw polymer
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Figure B.32 — Isobutene-isoprerie rubber — Vulcanizate

Table B.17 — Bromo-isobutene-isoprene rubber (BIIR)

4000

3 000

2000

Raw polymer

Pyrolysate (vulcanizate)

Wave number

Functional group

Wave number

Functiorlal group

cm-1 cm-1
890 >CqCHy
1230 >C< 1230 >(<
1370 and 1 390 > C(CHz)2 1370 and 1390 > C((H3)?
1460 — CHz — 1460 — CHz —
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Figure B.33 — Bromo-isobutene-isoprene.rubber — Raw polymer
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Figure B.34 — Bromo-isobutene-isoprene rubber — Vulcanizate
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Table B.18 — Brominated isobutylene-co-p-methylstyrene (BIMS)

Raw polymer Pyrolysate (vulcanizate)
Wavi::_‘? ber Functional group Wavi::? ber Functional group
815 Aromatic 824 — CgHyg —
925 Vibration of carbon frame- 890 > C = CHy
work
1230 > C(CH3); 900 — CeHg —
1370 and 1390 > C(CH3); 990 — CeHg —
1512 Aromatic 1370to 1390 > C((H3)2
1580 Aromatic 1512 Arorhatic
vi I\(m
95
%0
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10 . . : : : ‘ :
adoo 3500 3000 2500 2000 1500 1000 500 X
a) Film
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Figure B.35 — Brominated isobutylene-co-p-methylstyrene — Raw polymer
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Figure B.36 — Brominated isobutylene-co-p-methylstyrene — Vulcanizate

Table B.19 — Natural rubber (NR)

1500

1000 500 X

Raw-polymer

Pyrolysate (vulcanizate)

Wave numben

Functional group

Wave number

Functionlal group

cm-1 cm-1

835 >C=CH— 800 —CH=C<
1040 — CH3 890 >CHCHy
1090

1130 >C=C< 970 CHy=CH—
1370 — CH3 1380 — CH3
1460 — CHp — 1640 >C=C<

components.

NOTE 1 With natural rubber, three additional absorption bands are observed. These are due to the presence of non-rubber

NOTE 2 When analysis of a high-sulfur-content vulcanized blend of 1,4-cis-polyisoprene is carried out, attenuation of the
absorption band at 890 cm-1is observed.
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Figure B.37 — Natural rubber — Raw polymer
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Figure B.38 — Natural rubber — Vulcanizate

Table B.20 —Isoprene rubber (IR)

Raw polymer Pyrolysate (vulcanizate)
Wav‘zrl:_llm ber Functional group Wavirr::_llm ber Functiorlal group

835 >C=CH— 800 —CH=C<

1130 —+ CH = CH — (cis) 890 — CH|=CHz

1160 — CH = CH — (trans)

1210 970 — CH = CH — (trans)

1370 — CH3 990 — CH|=CHy

1460 — CHz — 1380 — (CH3

1670 >C=C< 1460 — CH —
1640 >C+(C«<
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Figure B.39 — Isoprene rubber (high-cis IR) — Raw polymer
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Figure B.40 — Isoprene rubber (high:cis IR) — Vulcanizate
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Figure B.41 — Isoprene rubber (high-trans IR) — Raw polymer
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Figure B.42 — Isoprene rubber (high-trans IR) — Vulcanizate

Table B.21 — Isoprenerubber (3,4 IR)

Raw polymer Pyrolysate (vulcanizate)
Wave n 1_11m ber Functional group Wave m_llm ber Functional group
cnp cm
800 >C=CH;
890 >(C5CH; 890 >C=CH;
910 ‘—)CH=CH; 910 — CH=CH>
970 — CH = CH — (traps)
1400 — CH=CH3 990 — CH=CH2
1380 — CHs
1460 — CHy — 1460 — CHy —
1440 >C=C< 1640 >C=C<
3086 £=¢C
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Figure B.43 — Isoprene rubber (3,4 IR) — Raw polymer
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Figure B44 — Isoprene rubber (3,4 IR) — Vulcanizate
Table B.22 — Acrylonitrile-butadiene rubber (NBR)
Raw polymer Pyrolysate (vulcanizate)
Wavi::_llm et Functional group wavirl:ll_llm ber Functiorlal group
910 — CH=CH; 910 — CH|=CH3
970 — CH = CH — (trans) 970 — CH = CH — (trans)
990 — CH=CH;
1460 — CH — 1460 — CHp —
1640 CH; =CH — 1590 Aromatic
2 240 —CN 2240 —CN
3400 >N—H
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Figure B.45 — Acrylonitrile-butadiene rubber — Raw polymer
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Figure B.46 — Acrylonitrile-butadiene rubber — Vulcanizate

Table B.23 — Hydrogenated acrylonitrile-butadiene rubber (HNBR)

2 000 14,000 X

Raw polymer Pyrolysate (vulcanizate)
Wavecrr:_llm ber Functional group Wavi:ll_llm ber Functiorlal group
720 (CH2)n 720 (CH2)n
910 — CH|=CH
1460 — CHz — 1460 — CHp —
1610 Unsatyration
2 240 —CN 2 240 —CN
3400 >Ni—H

NOTH When-th€ rubber is only partially hydrogenated, a band is observed at 970 cm-1 due to — CH = CH 1 (trans).
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Figure B.47 — Hydrogenated acrylonitrile-butadiene rubber — Raw polymer
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Figure B.48 — Hydrogenated acrylonitrilecbutadiene rubber — Vulcaniza

Table B.24 — Carboxylic-acrylonitrile-butadiene rubber (XNBR)

>y

te

© IS0 2012 - All rights reserved

Raw polymer Pyrolysate (vulcanizate)
wavi::_‘;n ber Functional group Wavirl:ll_llm ber Functiorlal group

910 —~'CH = CH> 910 — CH|=CH»

970 ~ €H = CH — (trans) 970 — CH =CH — (trans)
1460 — CHy — 1460 — CHp —

1700 >C=0 1700 >ClFO

2 240 —CN 2 240 —[CN
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Figure B.49 — Carboxylic-acrylonitrile-butadiene rubber — Raw polymer
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Figure B.50 — Carboxylic-acrylonitrile-butadiene rubber — Vulcanizate
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Table B.25 —Acrylonitrile-butadiene rubber associated with PVC (NBR/PY(C)

Raw’polymer

Pyrolysate (vulcanizate)

Wave number

Functional group

Wave number

Functiorlal group

cmA cm-1
|
600to 700 —?—Cl—
910 — CH =CH>
970 — CH = CH — (trans)
| \

1315 —(II—H /CH—Cl
1460 — CH; — 1460 — CHy —
1640 >C=C<
2 240 —C=N 2 240 —C=N
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Figure B.51 — Acrylon&@b-’butadiene rubber associated with PVC — Raw polymer
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Figure B.52 — Acrylonitrile-bl@d’iene rubber associated with PVC — Vulcanizate

O

Tabl&)@B — Styrene-butadiene rubber (SBR)

Raw poh)@ Pyrolysate (vulcanizate)
A%
Wave 1 1_11m ber <,2~ Functional group Wave m_llm ber Functional groujp
cop Va) cm
700 apd 760 <" — CeHs 700 and 760 — CeHs
9 LOC&V — CH = CH, (vinyl) 910 — CH = CH3 (viny|])
9¥0~ CH-=CH—{trans) 970 CH-=CH—{trahs)
995 CHz=CH— 990 CHz=CH—
— CH =CH — (cis)
1460 — CHp — 1460 — CH —
1500and 1600 — CeHs 1500and 1600 — CeHs
1640 >C=C<
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Figure B.54 — Emulsion-polymerized SBR (23,5 % styrene) — Raw polymer
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Figure B.55 — Emulsion-polymerized SBR (23,5 % styrene) — Vulcanizate
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Figure B.56 — Emulsion-polymerized @g) (high-styrene) — Raw polymer
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Figure B.57 — Solution-polymerized SBR (high-vinyl) — Raw polymer
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