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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
electrotechnical standardization.
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INTERNATIONAL STANDARD

ISO 16565:2013(E)

Rubber — Determination of 5-ethylidenenorbornene
(ENB) or dicyclopentadiene (DCPD) in ethylene-propylene-
diene (EPDM) terpolymers

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. ThlS Internatlonal Standard does not purport to address all of the safety concerns, if

any, 3
esta
regu

This
5-eth
terp

ENB
prop

infrared spectroscopic (FT-IR) method is utilized.

NOT]H
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For d
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'\

nstrument with khown EPDM standards. For DCPD, the resulting second-derivativ

:)llsh approprlate safety and health practlces and to ensure compllance w1th a
latory conditions.

bcope

International Standard specifies the methods to be used to~determine the
)ylidenenorbornene (ENB) or dicyclopentadiene (DCPD) in ethylene-propylene-dig
lymers in the 0,1 % to 10 % range.

and DCPD are dienes introduced into ethylene-propylen€ rubbers to generate s
erties. Since high precision for diene content determigation is important, a Fourie

The procedures for the mass fraction of ENB and¢he mass fraction of DCPD differ only i
infrared (IR) of the peak being quantified.

Principle

t specimen is moulded between two \PTFE-coated aluminium or mylar sheets. The EN
mined from its infrared absorbanceat 1 681 cm-1to 1 690 cm-1 (a measure of the exoc
in ENB). The DCPD content is determined from its infrared absorbance at 1 605 cm-1 t
pasure of the monocyclic double bond in DCPD).

econd derivative of the(abSorbance is calculated and ratioed to an internal standard.
ting second-derivative, peak near 1 690 cm-1 is related to the ENB mass fraction by

cm-1is related®othe DCPD mass fraction in the same way.

il-extended.polymers, the oil shall be extracted before the diene content is determined

Apparatus

C

ytandard to
ny national

content of
tne (EPDM)

pecific cure
r transform

h the location

B content is
yclic double
b 1610 cm-1

For ENB, the
r calibrating
e peak near

.

3.1

3.2

Carver-type press, capable of compressing films at 150 °C and 10 MPa.

Mould.

3.2.1 The mould primarily used is made of a stainless-steel strip 400 pm thick with an opening, which
gives a specimen of the appropriate size for the specimen-film holder described in 3.4 (2 cm by 2 cm). The
mould shall have approximately the same dimensions as the press platens.

3.2.2 Alternatively, a thinner mould plate may be used. However, precision can be adversely affected
at low diene levels. The precision of the method shall be determined when thinner films are utilized.
For example, 127 pm-thick stainless-steel foil with a 15 mm by 35 mm opening may be used for the

simu
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3.2.3 Forliquid EPDMs, a ring washer of 22 mm outer diameter by 16 mm inner diameter and 400 pm-
thick is used as a spacer between salt plates (NaBr, NaCl) to set a fixed path length. The spacer is sized to
cover only the outer edge of the salt plates.

3.3 PTFE-coated aluminium moulding sheets, type A, 36 pm thick, or silicone release sheeting.

3.4 Specimen-film holders: films may be moulded, cut out and transferred to a film holder. Magnetic-
film holders are ideal. Alternatively, a mould sized to fit in the spectrophotometer specimen compartment,
with an appropriate-sized opening, may be used to support the film without removal after compressing. A
standard salt plate support is used for liquid samples prepared between salt plates.

3.5 Infralted Fourier transform spectrophotometer, capable of measuring absorbances irln the
range of 4 000 cm~1 to 600 cm~1 with a transmittance specification (accuracy) of +1 % T orbettert The

instrument
an alternatiy

NOTE A

The instrun
primary sou
moisture ley
method is t
alternating
Alternativel
with dry nit
of adequate
water vapoy

bhall be capable of spectral resolution of 2 cm-1. A deuterated triglycine sulfaté-{DTGS)
re, @ mercury cadmium telluride (MCT) detector shall be used.

kpecification for the evaluation of the analysis of infrared spectra is given in Reference.[1]

hent shall be capable of spectral accumulation, averaging and subtracting. Water i
rce of interference in this method. Methods, physical and eleg¢tronic, which minimiz
rel and moisture-level variation are required to obtain the highest precision. The prefg
b use an instrument equipped with a dry-gas purge and-specimen shuttle, which pej
hnd repetitive collection of single-beam specimen and.background spectra (see Claug

[, should a specimen shuttle be unavailable, careful¢purging of the specimen compart

Fogen can yield satisfactory results. High precisionof calibration-standard data is indic
purging. When moisture interference is not retnoved by purging, spectral subtracti
r may be used. A procedure for further development of the method is described in Ann

4 Test specimen preparation

4.1 Prim

Place 0,20 g
Place the md

Should the 1

ary method

+ 0,05 g of the material to be:ahalysed between two sheets (see 3.3) in the mould (see 3
uld between the press platens heated to 125 °C £ 5 °C and apply 4 MPa pressure for 60 s 4

haterial be highly viscous, the mould may be heated to 175 °C + 5 °C.

Cool the mafterial to ambientfemperature. Cut out a piece of film of approximately 15 mm by 50

Detach the {
compartmel

4.2 Alter

pecimen filaDfrom the sheets (see 3.3), and position it on the spectrophotometer spec
it window.

hative-method

pr, as

5 the
e the
rred
mits
be 5).
ment
ative
bn of
ex A.

.2.1).
10s.

mm.
imen

When using

erial

tIre—crrrrrer—rroaroa et oo i Torc oot cITC—11T

to be analysed in the mould opening between two sheets (see 3.3) and compress as in 4.1. Remove the
mould from the press, turn it over and compress it again. Then, remove the mould from the press and
allow it to cool to ambient temperature. When cool, carefully remove the sheets (see 3.3), allowing the
specimen film to remain attached to the mould.

4.3 Alternative method for liquid polymer film preparation

Place a washer (see 3.2.3) on top of a salt plate. Place a small amount (about 0,3 g) of the liquid EPDM
polymer to be analysed in the centre of the washer, filling the hole completely. Place a second salt plate
on top of the filled washer. Gently place a 1 kg weight on top of the salt plate/washer assembly and allow
the weighted assembly to sit for 2 min to 3 min. (For viscous samples, it may be necessary to warm the
sample prior to compressing.) Remove the 1 kg weight and, if necessary, allow to cool. Wipe off any
excess material that might have been pressed out of the assembly. Hold the assembly up to the light and

2 © IS0 2013 - All rights reserved
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inspect for bubbles and/or voids. Should there be imperfections, repeat the preparation with a larger
amount of material.

5 Acquisition of spectra

5.1

With a specimen shuttle

5.1.1 The data-acquisition parameters shall be:

— resolution: 2 cm-1:

— q

5.1.2
in alf
pass
four

5.1.3

gcans/scan time: total scan time, split between specimen scans and background scan§

Place the test specimen in the specimen compartment, allow purge tobére-esta
ernating fashion, collect single-beam specimen and empty specimen compartment sj
s of the shuttle shall be made (eight specimen and eight empty-compartment collection
scans at each position.

Calculate the specimen absorbance spectrum as -logig of the ratio of the accumu

bean specimen to the empty-compartment spectrum using Form@a (1):

X

whel

5.2

5.2.1

5.2.2

= -log10(P/Po)

e
|l is the absorbance of the specimen at a_given wavelength;
Po is the empty specimen compartmentlight-beam intensity at that wavelength;

P is the single-beam specimen(light-beam intensity at that wavelength.

Without a specimen shuttle

The data-acquisition parameters shall be:

esolution: 2 cm-1;

gcans/scanjtime: background scans: 32 scans, 120 s total; specimen scans: 32 scans, ]

Establish a dry atmosphere inside the empty specimen compartment and collec

spec

, about 90 s.

blished and,
bectra. Eight
5), collecting

ated single-

)

20 s total.

t the empty

nien compartment spectra.

5.2.3 Place the test specimen in the specimen compartment and re-establish a dry atmosphere inside
the compartment. Collect the single-beam specimen spectra and calculate the specimen absorption
spectrum as described in 5.1.3.

6 Calibration of the spectrophotometer

6.1 Obtain a series of known standards covering the diene content range 0 % to 10 %. Calibration may
be based on secondary standards qualified by other laboratories using this method or, more generally,
by primary standards whose diene content is well known. Primary standards may be established via
use of proton nuclear magnetic resonance (1H-NMR), in conjunction with other techniques. The ENB

© ISO
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calibration standards?) employed in the development of this method were determined by a combination
of refractive index and H-NMR (utilizing samples dissolved in deuterated o-dichlorobenzene at 120 °C; the
ENB assignment was based exclusively on the exocyclic olefinic protons of ENB). The DCPD standards1)
were determined by a similar H-NMR technique involving the cyclic olefinic protons of DCPD. The use of
four standards at the (copolymer) 2 %, 5 % and 10 % levels is the minimum recommended.

6.2 Using the procedure in Clause 5, acquire a minimum of five absorbance spectra for each of the
calibration standards described in 6.1. Several repetitions on separate specimens of each standard may
be averaged to improve the accuracy of the calibration.

6.3 Using threproceduretirtliauseFcatcutate threratioof theseconmd=derivativedierre peaktreightto the
internal thigkness gauge for each of the spectra acquired.

6.4 Calculpte alinear calibration line (diene peak ratio versus assigned values of the standards as mass
fraction in ger cent of diene) by computing a slope and intercept using standard least:squares linear-
regression techniques.

7 Diene|determination

7.1 Preparation

Prepare the|specimen film as described in Clause 4.

7.2 Single absorbance spectrum

Collect a single absorbance spectrum based on the procedure in Clause 5.
7.3 Determination of film thickness

7.3.1 Normmalize the spectrum by bringing the/lowest point of the spectrum to zero (that is, determire the
minimum aksorbance in the spectrum and.offset the spectrum to bring the minimum absorbance to 7ero).

7.3.2 To determine the film thickhess automatically, subtract the absorbance at 2 750 cm-1 fror the
absorbance pt 2 703 cm~1. If the resuilt is positive, the sample belongs to group 1. Otherwise, it belorgs to

group 2 (seq Figure 1).

Group 1: the thickness gauge is the net absorbance difference between 2 708 cm-1 (isooptic point) and
2 450 cm-1 (anchor point) (see Figure 2).

Group 2: the thickness gauge is the net absorbance difference between 2 668 cm-1 (isooptic point) and
2 450 cm~1 (anehor point) (see Figure 3).

7.4 Determination of diene content

7.4.1 Normalize the total spectrum to one optical density (OD) unit by multiplying the total spectrum
by 1/A, where A is the net absorbance at thickness gauge.

7.4.2 Calculate the ENB content, as a mass fraction, in per cent, using Formula (2):

1) The ENB standards are supplied by Exxon Chemical Polymer Laboratories (the sole source), P.O. Box 5200,
Baytown, TX 77522, USA. DCPD standards are supplied by Uniroyal Chemical Company (the sole source), World
Headquarters, Chemical Characterization Laboratory, Benson Road, Middlebury, CT 06749, USA. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of the
products/standards named. Equivalent products/standards may be used if they can be shown to lead to the same
results.

4 © IS0 2013 - All rights reserved
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Peak ht = A1 631 - (0,75A1 688 + 0,25A1 689)
(2)

This is subsequently referred to as the ENB peak height. Figure 4 shows a typical second-derivative
spectrum for EPDM.

Use the calibration procedure described in Clause 6 to compute a mass fraction of ENB for the sample,
using only interpolation (and not extrapolation). If the ENB peak height is lower than the ENB peak
height of the lowest, or higher than the ENB peak height of the highest, calibration standard, then report
the ENB content as out of range for the calibration standards employed.

A

L5 B A

1,2 —

0,9 —

0,6 —

D,3 —

O I I I I I L .

2800 2750 2700 2650 2600 2550 2500 2450 2400 cm!
If Apgint A — Apoint B> the sample belongs to group 1.
If Apgint A — Apoitire < 0, the sample belongs to group 2.
Figure 1 — FT-IR thickness gauge — Determination of group
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1,2 —

0,6 —

0 I | I I I 1 -

2800 2750 2I 700 2 650 2600 2 550 2500 2450 2400 cm’!
2708

Figure 2 — FT-IR thickness gauge — Group 1
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1,2

0,6 -

) I I | | I I I il -

2800 2750 2700 IZ 650 2600 2550 2500 2450 2400 cm
2668

[ury

Figure 3 — FT-IR’thickness gauge — Group 2
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0,6 —

04 —

/
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e/ I N

200

Key
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V56001
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SD =0 at

Ul s W N

7.4.3 Calc
derivative (4
1620 cm-1,

1950 1900 1850 1800 1750 1 70(;\1 650 1600 1550 1500 cm
5

1 690 cm~1 double bond
'mal spectrum

ormal spectrum

height

peak

Figure 4= Second-derivative (SD) peak height calculation

ulate thelDCPD content, as a mass fraction, as the peak height (in OD units) of the s¢
he secand-derivative algorithm shall use nine-point smoothing) between 1 601 cm-!
using Formula (3):

cond
and

Peak ht =2A71601 - 41610

This is subsequently referred to as the DCPD peak height.

(3)

Use the calibration procedure described in Clause 6 to compute a mass fraction of DCPD for the sample,
using only interpolation (and not extrapolation). If the DCPD peak height is lower than the DCPD peak
height of the lowest, or higher than the DCPD peak height of the highest, calibration standard, then
report the DCPD content as out of range for the calibration standards employed.

8 Precision

See Annex B

© ISO 2013 - All rights reserved
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9 Testreport
The test report shall include the following information:
a) areference to this International Standard, i.e. ISO 16565;

b) the ENB contentand the DCPB content, as a mass fraction in per cent, giving the result to two decimal
places in each case;

c) the type of mould utilized;

d) whether spectra were acquired with or without a specimen shuttle;

e) the date of the analysis.

© IS0 2013 - All rights reserved 9
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Annex A
(normative)

Procedure for spectral subtraction of water vapour

A.1 Background

A.1.1 Wat
of the ENB
some residy
removes ma
and backgrd
maintaining
spectrum is
presentinv
the calculati

A.1.2 Thig
spectrum ca
shuttle. It is
beam, whic
compartme

A.1.3 Fort
significant 1
specimen sH
and to use &
outlines the

A.2 Acqu

A.2.1 Acqyire a single-beam-background spectrum, Py, with the system fully purged. This will be ¢

the single-b

A.2.2 Acquireasinglebeamspectrum, Py, immediately after openingand closingthe specimen compart

cover (still W

br vapour and perhaps other ambient-air contaminants have the potential to affecttherdg

al water vapour can remain and affect the collected spectra. The procedure, as wr
st or all of this effect by the use of a specimen shuttle, which permits single=peam spec
und (empty specimen compartment) spectra to be acquired in alternating fashion, Y
the specimen compartment closed throughout the process. When thé $pecimen absorh
computed, the effect of background contaminants will be negligiblé;because they have
rtually identical amounts in the specimen and background spectra, thereby cancelling ¢
on.

method of removing the interference of background:contaminants from the absorl
nnotbe exactly duplicated in an FT-IR spectrophotometerthatis notequipped with a spec

allows varying amounts of background contaminants to intrude each time the spec
tis open.

inately, water vapour is the only confaminant present in sufficient quantity, and
ght absorbance near the applicablesizavelengths, to affect the analysis. Thus, withou
uttle, it is possible to remove the centribution of water to specimen or background sp
sorted background spectrum with one or more specimen spectra. The following proce
steps required to implementsuch a modification.

isition of water vapour absorbance spectrum

bam empty-compartment spectrum.

ith nopolymer film introduced). This will be called the single-beam water spectrum.

sults

hnalysis. Even with a dry-gas purge (using air or nitrogen) of the specimen compartment,

tten,
imen
while
ance
been
utin

ance
imen

necessary to open the specimen compartment to introduce or remove the specimen from the

imen

with
t the
ectra
dure

alled

ment

A.2.3 Calculate the water absorbance spectrum as given by Formula (A.1):

g10(Pw /Po)

A.3 Use of the single-beam empty-compartment spectrum

A3.1

(A.1)

Ideally, a single-beam empty-compartment spectrum (see A.2.1) should be acquired before analysing

each polymer specimen and stored. In practice, a single stored single-beam empty-compartment spectrum

may be used

10

for a short period of time (typically < 4 h) if FT-IR spectrophotometer operation is stable.

© ISO 2013 - All rights reserved
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A.3.2 When introducing a polymer specimen film into the specimen compartment, impo

se a waiting

period to allow the compartment purge to be re-established. This will minimize the amount of water
remaining in the compartment. Determine this waiting time empirically (it could be up to 15 min).

A.3.3 Collect the single-beam spectrum for the polymer specimen and compute the
spectrum, 4, using the stored single-beam empty-compartment spectrum (see A.3.1).

absorbance

A.3.4 Analyse the polymer absorbance spectrum for the presence of water. If detected, either as positive
peaks (more water when polymer scanned) or negative peaks (more water when background scanned),
perform a spectral subtraction or addition to remove the water vapour peaks from the spectrum before

h T ALR d d 1 h IR S a1 dolar L1l
t € Hivprtontentrs carcuratet. DO tIIrs as TOITows:

a) Determine a band or set of bands for the water vapour that can be used to calculate the scaling for

he spectral subtraction. Use peaks that are sufficiently strong but well removed fr
bsorptions. (Note that such peaks have not been determined in the development of this|

b) (Calculate the heights of these peaks in the polymer spectrum and ratio.them to the h
eaks in the stored water absorbance spectrum (see A.2.3) to calculate a scaling factor]

c) (Calculate the water-vapour-free spectrum A* as:

A* = A(1 - SAw)

Use this modified absorbance spectrum, A*, in place of the polymer absorbance spectrum,
in 6.2 in all subsequent calculations.

bm polymer
procedure.)

bights of the
S.

(A.2)

Y, described

© IS0 2013 - All rights reserved
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Annex B
(informative)

Precision and bias

B.1 The precision and bias data given in this annex were obtained for the primary method (see 4.1) in

azith 1

accordance

B.2 Thep
with the md
and B.4. Thd
materials w
and the speq

B.3 A typq
different lev
conducted o
percentage

B4 A pr
variance wd

arminalooy and Athar ctatiction] calonlatinny dorailc
teFHHT610 Sy o OtHe - Sttt Stear-CaretHatoR-aetahs:

SOAHROT s olvest =

VIt T

recision results presented in this annex give an estimate of the precision of the test mg
terials (rubbers, etc.) used in the particular interlaboratory programme described i

precision parameters shall not be used for acceptance or rejection testing'of any gro
thout documentation that the parameters are applicable to the particular{group of matg
ific testing protocol of the test method used.

1 interlaboratory test programme was conducted in 1996. Fivéimaterials (polymers)
els of ENB were supplied to three laboratories. In each laboyratery, two replicate tests

each of two successive test days. A test result is defined asasingle measurement of the
f ENB.

thod
n B.3
up of
brials

with
were
mass

eliminary analysis to determine if the combined between-replicate/betwee
s significantly greater than the between-replicate (on one day) variance showed th

between-replicate/between-day variance was not greater than the between-replicate variance.

demonstratg
variation ov{
results gene

B.5 The pi
table).

NOTE At
being undert

Precision c3
and Ror (1)
consideratid

B.6 The r¢
established

s that, in this programme, testing on sucgéssive days did not add a significant sour
brand above thatinherentin duplicate testing on one day. The repeatability and reproduci
rated by the programme therefore applyto short-term replicate testing.

recision results for the ENB gradesitested are given in Table B.1 (see also the footnotes ]

the time of publication of\this International Standard, precision and bias testing for DC
aken.

n be expressed jn\the form of the following statements that use an appropriate valu
hnd (R) associated’'with a mean level or material in the table closest to the mean level 4
n for any material in routine testing operations.

ppeatability limit r (expressed as a mass fraction in per cent) of this test method has
hs the\dppropriate value tabulated in Table B.1. Two single test results, obtained under ng

test method|

-day
t the
This
ce of

bility

o the

PD is

b of
nder

been
rmal

precedures that differ by more than the tabulated value of r (for any given level) shj

1l be

considered

sderived fromrdifferent or mon-idemntical sampte poputatiorrs:

B.7 The reproducibility limit R (expressed as a mass fraction in per cent) of this test method has been
established as the appropriate value tabulated in Table B.1. Two single test results, obtained in two different
laboratories under normal test method procedures that differ by more than the tabulated value of R (for
any given level) shall be considered to have come from different or non-identical sample populations.

B.8 The relative repeatability, r, and the relative reproducibility, R, are approximately equal over the
range 3,0 % to 11,0 % (actual) ENB, at 2,6 % (relative) and 11,0 % (relative), respectively (see pooled
values in Table B.1).
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