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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.

Internationa

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Plastics — Determination of residual styrene monomer in
polystyrene (PS) and impact-resistant polystyrene (PS-I)
by gas chromatography

1 S

cope

This

in polystyrene (PS) and impact-resistant polystyrene (PS-I) by gas chromatography. It may
for thie simultaneous determination of other volatile aromatic hydrocarbons in PS and-PS-1.

2 N

The f
referg

document (including any amendments) applies.

ISO 4
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For th
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Thep
small

volunpe of the supernatant solution'remaining after precipitation of polymer by addition of
cted (method B), in order(to obtain separation of styrene and other volatile materials.

is inje
simpl
of the

5 R

5.1

The iJ

Eternational Standard specifies a method for the determination of the residual styrd

ormative references

bllowing referenced documents are indispensable for the applicatien of this docume
nces, only the edition cited applies. For undated references, the latest edition of th

2, Plastics — Vocabulary

erms and definitions

e purposes of this document, the terms and definitions given in ISO 472 apply.

rinciple

plymer sample is dissolved in solveént, which for polystyrene contains an internal stan
volume of the polymer solution is1injected directly into a gas chromatograph (method

e and has much the same.accuracy as method B. However, there is a possibility that cc
injector with polymerand oligomers will occur over time, leading to erroneous resul

eagents and materials

Internal-'standard

contal

1terna1 standard shall be selected based on consideration of the retentlon times of 1

ne monomer
also be used

nt. For dated
e referenced

lard. Either a
A) or a small
precipitator
Method A is
ntamination
ts.

he materials

-butylbenzene,

cyclopentanol 1 2 4- trlmetylbenzene and 1, 4 dlethylbenzene of suff1c1ent purlty for analytlcal use.

5.2
Use

Solvent

analytical-grade dimethylformamide, butanone, dichloromethane or

Tetrahydrofuran is used for only method A.

5.3

Precipitator

Use analytical-grade 2,2,4-trimethylpentane or ethanol.

© IS0 2012 - All rights reserved
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5.4 Aromatic hydrocarbons

Use analytical-grade styrene and (if required) other aromatic hydrocarbons such as ethylbenzene, cumene
or a-methylstyrene. Styrene shall give a clear mixture when mixed with an equal volume of ethanol.

5.5 Carrier gases and fuel gases for gas chromatograph

Use helium or nitrogen as carrier gas. Use hydrogen and air as fuel gases.

6 Apparatus

6.1 Generfal

Normal laboratory equipment and the following apparatus are required. Typical operatihg’condiitions
are describedl in Annex A.

6.2 Gas chromatograph

6.2.1 Injedtion port: Use an injection port for liquid samples. When usifig an open tubular c¢lumn
(hereafter cajled an OT column), an injection port with splitter may be applicable.

6.2.2 Column: The column diameter and length, as well as the paeking material and liquid phase, shall
be selected based on consideration of column resolution and calibration curve linearity. Both ppcked
columns and|OT columns are acceptable. OT columns are recomimended in the light of accuracy.

6.2.3 Deteftor: Use a hydrogen flame ionization detector (FID).

6.3 Data processor
Use a recordgr or microcomputer to record thelsignals from the detector.
6.4 Sample injection syringe

Use a micro4syringe of the 1 pl t0 50 pl type. A micro-syringe forming part of the auto-injectof may
also be used

6.5 Analytical balance

A balance capable of'neasuring to 0,1 mg is required.

6.6 Volunjetric flasks

Volumetric flasks are standardized in ISO 1042.

7 Preparation of sample

The sample can be taken from material in the form of powder, pellets or moulded parts. In order to ensure
the desired accuracy of the sample mass, large pieces of sample shall be reduced to smaller fragments.

8 Procedure

8.1 General

During the dilution processes described below, the temperature of each solution shall remain under 25 °C.

2 © IS0 2012 - All rights reserved
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Preparation of internal-standard solution

Weigh 200 mg of internal standard (5.1), to the nearest 1 mg, into a 1 000 ml volumetric flask (6.6). Then
add solvent (5.2) to make exactly 1 000 ml, stopper tightly and mix well.

8.3

Preparation of sample solution for method A

Weigh 0,5 g of sample, to the nearest 1 mg, into a volumetric flask (6.6) having a volume between 25 ml
and 100 ml. Using a syringe or a pipette, add 20 ml of the internal standard solution prepared in 8.2.

Then

stopper tightly and mix until dissolved.

8.4

Weigl
50 m

Using

stopp
add 1

super|
8.5

8.5.1

Ther
meth

meas
hydrd

8.5.2

Preparation of sample solution for method B

1 0,5 g of sample, to the nearest 1 mg, into a volumetric flask (6.6) having'a’vol
and 100 ml

either a syringe or a pipette, add 20 ml of the internal standard solution prepared

D ml of precipitator (5.3) with a pipette. After vigorous shaking, allow the precipitate
natant solution is used for injection into the gas chromatograph:using a micro-syring

Preparation of calibration solutions

General

hnge of concentrations which can be analysed by.gas chromatography using the inter
bd is determined by the amounts of measured styrene and other aromatic hydroc
ired and the dilutions (see Table 1). A series'of calibration solutions are prepared for €
carbon to be analysed. The solutions arekept for injection into the gas chromatograj

Calibration solutions for method A

Weigl, to the nearest 0,1 mg, into separate volumetric flasks (6.6) (for the volume of the fl

Anne
hydrd
to ead

8.5.3

k B) at least four of the ammounts indicated in Table 1 of styrene and, if necessary, ot
carbons such as ethylbénzene, cumene or a-methylstyrene. Add internal-standard s
h flask, dissolve and@ake up to the mark with internal-standard solution.

Calibration.solutions for method B

Meas
of pr

re to the nearest 1 ml, 1 000 ml internal-standard solution (8.2) into a 2 000 ml flask. The¢
ipitator’(5.3), stopper tightly and mix well (this solution is hereafter called the precipit3

Weigh, te'the nearest 0,1 mg, into separate 1 000 ml volumetric flasks (6.6) at least four of
indicgted in Table 1 of styrene and, if necessary, other aromatic hydrocarbons such as e

ume betwen

in 8.2. Then

er tightly and dissolve the sample (shake well, if necessary). After completely dissolving the sample,

to settle. The
ve (6.4).

nal-standard
hrbons to be
ach aromatic
bh.

asks, refer to
her aromatic
olution (8.2)

b add 500 ml
tor solution).

the amounts
thylbenzene,

cumene or a-methylstyrene. Add the precipitator solution to each flask, dissolve and make up to the

mark

NOTE

with precipitator solution.

For safety and economic reasons, there has been the case in which a smaller size glass

been used instead of the 2 000 ml flask.

© IS0 2012 - All rights reserved
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Table 1 — Correlation between mass of aromatic hydrocarbon in calibration solution and

concentration of aromatic hydrocarbon in sample solution

Mass of aromatic hydrocarbon Corresponding mass fraction of aromatic hydrocarbon
in 1 000 ml of calibration solution in sample solution
(sample = 0,5 g of polystyrene)
mg Hg/g
2,5 100
5,0 200
10,0 400
20,0 800
25,0 1000
50,0 2000

8.6 Gas-chromatographic procedure

8.6.1 Gas-

Select the gal
of styrene a
internal star
addition met|
from those d
peaks due to

Prepare a c
peaks corres
ethylbenzen
appearing ju
The resolutic

Re = 2(t2

where
t1and ¢t

W1 and |

The gas-chro

e to impurities, increase the concentration of the.jiternal standard to a level at whi

chromatograph operating conditions

s-chromatographic conditions, solvent and internal standard to give sufficient sepa
nd the other eluted materials. If it is difficult to separate the peak corresponding
dard from that corresponding to a target componeng,.except styrene, use the sta
hod for analysis. Ifitis difficult to separate the peak cerresponding to the internal sta

impurities become negligible.

hromatogram satisfying the following requirements. The resolution R. betwee

e, cumene or a -methylstyrene) andthe peaks corresponding to the target compg
5t before or just after the former péaKs shall be more than 1,0 and preferably 1,5 if po4
n Re between two peaks with thesame area is defined as follows:

- t1)/ (W1 + W2)
are theretention times of the two peaks;
V2 are:the respective widths of the peaks.

are describeql below, and more detailed conditions for each method and column are described in An

ration
o the
ndard
ndard
th the

n the

ponding to styrene, the internal standatd and any other aromatic hydrocarbons (such as

nents
sible.

matographic conditions are chosen to give the above performance. Representative condjfitions

hex A.
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Column:

Packed column:

OT column:

Column temperature:

ISO 2561:2012(E)

Metal, glass tubing and fused silica capillary are typical.

Pack with a commercial packing material and allow sufficient
stabilization before use.

Choose a commercial OT column coated with a suitable station-
ary phase inside of the tube and allow sufficient time for it to
stabilize before use.

isothermal or rising temperature

It is not regulated, but rising temperature condition is recom-

bmperature of detector:

prrier gas:

[ e T . |

prrier gas flow rate:

bmperature of injection port:

mended in the light of time saving.

200°Cto 250 °C

200°Cto 250 °C

Helium or nitrogen

Packed column: 25 cm3/min to®90 cm3/min.
OT column: 2,5 cm3/minte 10 cm3/min.
Adjust the hydrogen and air flow rates to give:
— ahigh sensitivity of response;

— alinearresponse over the range of concentrations being
meastred;

— _enly insignificant effects of small changes in flow rate on
response or sensitivity.

NOTE Use of method A may cause\deposition of polymer on the column, making more frequent changes of the

columjn necessary.

8.6.2| Recording the gas.chromatograms of sample solutions and calibration solutiops

Depending on the sensitivity of the gas chromatograph used, inject a suitable volume df the sample
solution (preparediityaccordance with 8.3 or 8.4) or the calibration solutions (prepared ih accordance
with 8.5). The volume of sample solution injected shall be identical to the volume of the cgrresponding
calibrfation solutions injected. Record each chromatogram until all the materials such as solvent,
styrehe, ethylbenzene, other aromatic hydrocarbons being determined and internal standdrd have been

completely eluted.

8.6.3 Evaluation of the gas-chromatographic peaks

The relative retention times of styrene, the internal standard and any other aromatic hydrocarbons
being determined have to be determined in advance.

Table 2 gives examples of the retention times of some of the most frequently occurring components. The
exact values will depend upon the gas chromatograph and the operating conditions used.

© IS0 2012 - All rights reserved
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Table 2 — Typical retention times of styrene and other aromatic hydrocarbons
Aromatic hydrocarbon Retention time Retention time relative to
min n-butylbenzene
Ethylbenzene 3,4 0,29
Cumene 4,7 0,39
n-Propylbenzene 59 0,50
Styrene 8,2 0,69
n-Butylbenzene (internal standard) 11,9 1,00
a-Methylstyreae 137 115

NOTE Anne

k A gives typical operating conditions and a typical gas chromatogram (see Figure A.1).

Other compd
m- and p-eth|

The peakares:

9 Expres

9.1 Calcul

When analyj
concentratio
the peak are

Y’ = A’ /A

where

fltoluene and sec-butylbenzene.

s of the componentsand theinternal standard shall be determined usingeleCtronicintegr

sion of results

s, prepared by the procedure described in 8.5, first'calculate, for each calibration sol

nents which might occur in smaller amounts are benzene, toluene, o-, m- and p-xyle

ation of results from a calibration graph
ing an aromatic hydrocarbon using four or more_calibration solutions having dif

h ratio Y’ given by:

g

S

A’y isth

’

S

A’s isth

Then prepar

of the particyilar component being determined.

From the gr3

Y=ax(

[

peak area for styrene (or another aromatic hydrocarbon) in the calibration solutior

peak area of the internal standard in the calibration solution.
b a calibration curveby plotting the peak area ratio Y’ against the concentration, in m

ph obtained,détermine the linear regression formula

at b

ne, o-,

ation.

ferent

ution,

g/ml,

where

YI

in the calibration solution, i.e. A3 /A’;

is the peak area ratio of the particular component being determined and the internal standard

C’; isthe concentration, in mg/ml, of the component being determined in the calibration solution.

If the correlation coefficient is less than 0,995, consider using more calibration points or preparing

the curve ag

ain.
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When a sample solution is analysed, calculate the corresponding peak area ratio Y given by:

Y=A4a/As

where

The cencentration-ofthe anpnnnnf hning determinedisthen calculated as follouss:

wher¢

From|C,, calculate the mass fraction P, of styrene orother aromatic hydrocarbon in the
sample, using the equation

whereg

9.2

The rpnge of-thé results obtained from repeated determinations of each aromatic hydrogd
sample should not exceed + 5 % of the arithmetic mean of Ps.

A detlection limit of the order of 10 pgl/g can bhe prpr‘fpd using the method descH

C

Ch is the concentration of the component being determined, expressed,iff mg/ml;
Y] isthe peak area ratio for the component and the internal standaid;
al isthe slope of the linear regression line;

b| isthe Y-intercept of the linear regression line.

P

3

P}, is the content of styrene or other aromatic hydrocarbon in the sample, expressed

2P the amount of intérnal-standard solution, expressed in ml.

As is the peak area of the internal standard in the sample solution.

4

=(Y-b)/a

= (20xC,/mp)x103

dq

p is the mass of the polystyrene sample, expressed in grams;

Acceptability of results and measurement sensitivity

International Standard.

10

Test report

The test report shall include the following particulars:

a)
b)

)

areference to this International Standard;

A, isthe peak area for styrene (or another aromatic hydrocarbon) in the sample solution;

polystyrene

nug/g;

arbon in the

ibed in this

the type of polymer analysed and all details necessary for complete identification of the sample;

the method (method A or method B) and the gas-chromatographic equipment and conditions used
(if used, the typical conditions given in Annex A may be referred to by subclause number);

© IS0 2012 - All rights reserved
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d) the content of styrene (and other aromatic hydrocarbons, if also determined) in the sample,
expressed as a mass fraction in pug/g to two significant figures;

e) the date of the analysis.

8 © IS0 2012 - All rights reserved
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Annex A
(informative)

Typical analytical conditions

A.1 Method A

A.1.1| Chromatograph with packed column
1) Chromatograph: HP5890 (Hewlett Packard Ltd.)
2) Column: Glass tubing

— Uniport HP (GL Science Inc.) coated with-25 % PEG20M

— Length 3,66 m, I.D. 4 mm, particleSize 180 pm to 250 urp
3) Column temp.: 110 °C (30 min)
4) Injection temp.: 220°C
5) Detector temp.: 220°C
6) Carrier gas: He at 90 cm3/min
7) Injection method: Direct injection
8) Injection volume: 3ul
9) Detector: Flame ionization detector (FID)
10) Solvent: Dimethylformamide

11) Internal standard;~~ Cyclopentanol

12) Resolution (Rg): 3,66 (styrene)

© IS0 2012 - All rights reserved 9
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A.1.2 Chromatograph with open tubular column (condition 1)
1) Chromatograph: HP5890A (Hewlett Packard Ltd.)
2) Column: Fused silica column
— DB-WAX (J&W)

— Film thickness 1 um, length 15 m, I.D. 0,53 mm

3) Column temp.: 130 °C (15 min)
4) Injecfion temp.: 200°C
5) Dete¢tor temp.: 200 °C
6) Carrier gas: He at 5 cm3/min
7) Injecfion method: Direct injection
8) Injection volume: 1ul
9) Deteg¢tor: FID
10) Solvent: Dimethylformamide

11) Interpal standard:  n-Butylbenzene

12) Resolution (Re): 2,80 (styrene)

10 © IS0 2012 - All rights reserved
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A.1.3 Chromatograph with open tubular column (condition 2)
1) Chromatograph: GC-17A (Shimadzu Corporation)
2) Column: Fused silica column
— TC-WAX (GL Science Ltd.)
— PEG coating, thickness 0,5 pm
— Length 30 m, I.D. 0,25 mm

3) Column temp.: 6U~C - TOU "Craising rate 4 ~C/min, T0U °C- T5U~Craising T hte 10 °C/
min
4) Injection temp.: 220°C
5) Detector temp.: 220 °C
6) Carrier gas: He at 9 cm3/min
7) Injection method: Direct injection
8) Injection volume: 1 ul
9) Detector: FID
10) Solvent: Tetrahydrofuran

11) Internal standard:  1,4-diethylbenzene

12) Resolution (Re): 12,0 (styrene)

© IS0 2012 - All rights reserved 11
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A.2 Method B

A.2.1 Chromatograph with packed column

1y
2)

3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

12

Chromatograph: HP5890 (Hewlett Packard Ltd.)
Column: Glass tubing
— Uniport HP (GL Science Inc.) coated with 10 % PEG20M
— Length 3,66 m, I.D. 4 mm, particle size 180 pm to 250 um
Coluthn temp.: 80 °C (40 min)

Injection temp.:
Deteg¢tor temp.:
Carrier gas:
Injecfion method:
Injection volume:
Dete¢tor:

Solvent:

Interhal standard:

Resolution (Re):

150 °C

150 °C

He at 90 cm3/min

Direct injection

3ul

FID

Dichloromethane/methanol (2:1)
n-Butylbenzene

4,65 (styrene)

© ISO 2012 - All rights reserved
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A.2.2 Chromatograph with open tubular column
1) Chromatograph: HP5890 (Hewlett Packard Ltd.)
2) Column: Fused silica column
— DB-WAX (J&W)

— Film thickness 1 um, length 15 m, I.D. 0,53 mm

3) Column temp.: 50 °C (20 min)
4) Injection temp.: 220°C
5) Detector temp.: 220 °C
6) Carrier gas: He at 10 cm3/min
7) Injection method: Direct injection
8) Injection volume: 1l
9) Detector: FID
10) Solvent: Dichloromethane/methanol (2:1)

11) Internal standard:  n-Butylbenzene

12) Resolution (Re): 7,49 (styrene)

© IS0 2012 - All rights reserved 13
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