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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The requirements imposed today by authorities include the assessment of the content of residual
monomers and organic saturated volatiles, for health and environmental reasons sometimes down
to minute traces. Former standards for measurement of residual volatiles based on distillation linked
with titration cannot cope with such exigences.

This document presents an advanced method for the determination, by gas chromatography, of residual
monomers and other organic components in polymer dispersions and lattices. It provides a method
that is in line with present-day requirements for analytical methods, and is intended for use instead of
[SO[3899, where precise measurements of volatile-matter content are needed, and expands fheir scope
to include other volatile organic components.
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IEC Electropedia: available at https://www.electropedia.org/

Principle

A test sample is diluted with water containing an internal standard and injected onto the liner of a
gas chromatograph with a capillary column, a flame ionization detector and a linear temperature
programming capability.

Butadiene can be co-eluted with cis-2-butene. Butyl acrylate and dibutyl ether shall be separated with
DB5 column.

© IS0 2023 - All rights reserved
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5 Reagents

Unless otherwise stated, use only reagents of recognized analytical grade and only grade 1 water as

defined in

ISO 3696.

5.1 Carrier gas, Nitrogen, helium or hydrogen of 999,95 ml/1 (or higher) purity. Hydrogen shall be
used with a safety care.

5.2 Propionitrile, 990 g/kg purity, for use as internal standard.

Propionitrjle ias been found to De a suitable internal standard, but other at least partly water-soifible
organic compounds not found in the sample can be used as the internal standard, e.g. iso-butyl-acefate
or methyl |so-butyl ketone. The internal standard shall yield a clear chromatographic separation pnd
shall not interfere with any component originally present in the sample.

5.3 Monpmers and other organic compounds of interest, 990 g/kg purity, ‘for comparison
purposes.

5.4 Dimethylformamide (DMF).

5.5 Tetrahydrofuran (THF).

6 Apparatus

Ordinary laboratory equipment, plus the following.

6.1 Gas ¢chromatograph, having an injection port designed for split operation, with a liner of at least
1 cm3 volume, a flame-ionization detector (FID) and a linear temperature programming capability for
the columi.

6.2 Capillary column, of length 30 m and/internal diameter 0,53 mm, 0,32 mm or 0,25 mm made of

fused silic4

that is covered inside with a1 m to 5 m thick film of a dimethylpolysiloxane.

6.3 Integrator or suitable recorder.

Recording jor integration is made using a chromatography data system (DTS), such as ChromeleonT
6.4 Microsyringe, cdpacity 10 pl to 50 pl

6.5 Analyticalbalance, accurate to 0,1 mg.

6.6 Volumetric flasks, capacity 50 ml and 1 000 ml.

M1).

7 Preparation of apparatus

7.1 Partly fill the insert liner with glass wool to retain solids during injection.

1) Chromeleon™ is the trademark of a product. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used
if they can be shown to lead to the same results.

2
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7.2 Control the detector temperature so that it is constant to within 1 °C, without thermostat cycling
which causes an uneven baseline.

Table 1 — Typical operating conditions?

Detector flame ionization
Air flow rate 300 or 450 ml/min
Hydrogen flow rate 30 ml/min
Make-up gas flow rate 30 ml/min
Column
Length 30 m
Inkide diameter 0,25 mm, 0,32 mm or 0,53 mm
Film thickness 1 um to 5 pm (dimethylpolysiloxane)
Cajprier gas nitrogen or helium
Flpw rate 0,8 tol1,2 ml/min’or 4 ml/min
Pyrge rate 1 to 2 ml/min
Temperatures
Injection port 150 °Cto 200°C¢
Ddtector block 250°C
Inftial column temperature 50°C
Hqld time 5 min
Program rate 5°C/min
Fipal column temperature 200 °C (or higher as needed)
Fipal hold time P 7 minutes (or longer)
Injection volume 1pl
Spljit ratio 10:1to 100:1
a |1t may bernecessary to modify these conditions if separation problems are encountered or if other conditions are
spefified in the.gas chromatograph manufacturer's instructions. For instance, a column with an inside diametgr <0,53 mm
may be mose'suitable: in this case, reduce the carrier gas flow rate to ca. 1 cm3/min.
b | Afterthe final hold, heating to 300 °C or 320 °C is recommended to purge the column.
¢ Methyl methacrylate 1s not thermally stable above 175 °C

8 Calibration

8.1 For reliable results, it is necessary to calibrate the instrument for each analysis with respect to
sensitivity and retention time.

This is done by determining the response factors and retention times for each component expected to
be present in the dispersion or the latex by injecting small amounts of the internal standard together
with the individual components, or mixtures thereof, dissolved in a solvent (e.g. dimethylformamide or
tetrahydrofuran).

©1S0 2023 - All rights reserved 3
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8.2 Weigh, to the nearest 0,1 mg, about 100 mg of propionitrile and 50 mg to 200 mg of the volatile of
interest (three to four different amounts are recommended) into a 50 ml volumetric flask. Make up to
the mark with dimethylformamide or tetrahydrofuran and mix well.

8.3 Inject a 1 ml aliquot of the solution prepared in 7.1 into the injection block and record the
chromatogram. Use the same instrument conditions as for sample analysis.

The elution order for typically occurring volatiles is as follows:

a) acetaldehyde;

b) 1,3-butadiene;

c) acrylonitrile;

d) propiopitrile;

e) vinyl acetate;

f) methy| acrylate;

g) n-butanol;

h) ethyl dcrylate;

i) methy| methacrylate;
j)  4-viny|cyclohexene;
k) ethylbenzene;

1) n-butyllacrylate;

m) styrenle;
n) 2-ethylhexyl acrylate;
0) 4-phernylcyclohexene.

8.4 Meagdure the peak areas of.the individual components and calculate the relative response fagtor
R for eachcomponent by Formuld (1):

Al x my

Rf = o (1)
AV X mS

where

R¢ 1Sthe response factor for the volatile of interest relative to the internal standard;

Ag is the peak area of the internal standard (propionitrile);

Ay is the peak area of the volatile of interest;

mg is the mass of the internal standard in the calibration mixture;

m is the mass of the volatile of interest in the calibration mixture.

8.5 Calculate the mean response factor for each volatile.

8.6 Repeat this calibration as needed.

4 © IS0 2023 - All rights reserved
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8.7 Typical response factors are:

— butadiene 6

— 4-vinylcyclohexene 0,6

— ethylbenzene 0,6

— n-butyl acrylate 0,95

— styrene 0,6

9 |Procedure

9.1| Prepare adilute solution of the internal standard by weighing, to the nearest 0,1 mg, abput 250 mg
of gropionitrile into a 1 000 ml volumetric flask. Make up to the mark with \water (grad¢ 1). Shake
genkly. Calculate the mass fraction wg of the internal standard in this solution, 'expressed in milligrams
per|kilogram.

Prepare a fresh solution each day the test method is carried out. Takecare to minimize logses due to
evaporation.

9.2| Weigh out, to the nearest 0,01 g, about 10 g (or a sujtable fraction of 10 g) of the sgmple (m,),
and add 30 g (or the same fraction of 30 g as for the sample);-also weighed to the nearest 0,01 g, of the
intdrnal standard solution prepared in 8.1 (mg).

9.3| Inject approximately 1 ml of the sample solution prepared in 8.2 onto the insert liner of the
gas|chromatograph using the instrument conditions given in Table 1 or similar condition§. If needle
blog¢kage occurs during the injection, needle shall be washed out using an appropriate solvent.

9.4| Immediately after injection, clean'the syringe with water (grade 1) and with a watpr-miscible
solyent (for example tetrahydrofuran).

9.5| Clean or replace the inseftliner after every 10 to 20 injections.

9.6| Measure the peak@reas of the internal standard, Ag, and of the relevant volatiles, Ay.
10|Calculation

Cal¢ulate the~mass fraction wy,, in milligrams per kilogram, of each volatile present in the polymer

dispersionylatex by Formula (2):

Ay XRg Xwg Xmg

1AL

(2)

\Y

AS de

where

©IS

wg is the mass fraction, in milligrams per kilogram, of the internal standard in the solution pre-

pared in 9.1;
Ay is the peak area of the volatile of interest;

As  isthe peak area of the internal standard;

mg  is the mass, in grams, of internal standard solution in the sample solution prepared in 9.2 (e.g.

30 g);

02023 - All rights reserved
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my  is the mass, in grams, of sample in the sample solution prepared in 9.2 (e.g. 10 g);

R is the response factor for the volatile of interest, determined in accordance with 8.4.

EXAMPLE 260 mg of propionitrile was made up to 1 000 g with water (wg = 260 mg/kg). 10 g of polymer
dispersion/latex (m4 = 10 g) was mixed with 30 g of internal standard solution (mg = 30 g). The peak area of the
propionitrile was 18 000 units and that of the volatile 24 000 units. The response factor was determined to be
0,8.

Then

4000 0 2L0 220
47 UUAU,OAZ0UAOIOU

18 000x10

Wy =

A typical chromatogram is shown in Figure 1.
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