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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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Paints and varnishes — Determination of solvents
in water-thinnable coating materials — Gas-
chromatographic method

1 Scope

This|[document specifies a method for the gas-chromatographic determination of the solvents in water-

thinnable paints and varnishes, binder solutions, emulsions and dispersions.

With| the precision stated in Clause 13, single components above 0,02 % (m@ss fraction) can be

determined quantitatively.

The method defined in this document is not applicable for the determination of Volatile Organic

Compounds (VOC) and Semi-Volatile Organic Compounds (SVOC) content:

NOTH For the determination of VOC and SVOC, see ISO 11890-2[2],

2 ormative references

The following documents are referred to in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited

applies. For

unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 4618, Paints and varnishes — Terms and definitions

[SO 15528, Paints, varnishes and raw materials for paints and varnishes — Sampling

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 4618 apply.
ISO gnd IEC maintain terrhinological databases for use in standardization at the following ¢

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

5 Principle

ddresses:

After sample preparation, the components contained in the sample under test are separated by gas

chromatography. Either a hot or a cold sample injection system can be used, depending on

the product

type. After the components have been identified, they are quantified from the peak areas using the

internal standard method.
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6 Apparatus

6.1 Gas chromatograph

6.1.1 General

The gas chromatograph shall be suitable for use with capillary separation columns and meet the
conditions specified in 6.1.2 to 6.1.4.

All of the instrumental parts coming into contact with the test sample shall be made of a material, e.g.

glass, whic

isrosistanttathe camp]n and wwhich will naot chanao it r‘]qnmir*a"y
o

6.1.2 San

6.1.2.1 Hg¢

Iple injection system

bt injection system

The instru
temperatu

;}
capable of

non-volatile
as required
occurrence

6.1.2.2 (Cq

ent shall have a variable-temperature injection block with a sample-splitter. The inje
shall be capable of being set to an accuracy of 1 K. The split ratig-shall be adjustablg
eing monitored. The sample splitter insert shall contain silanized glass wool to r
constituents. It shall be cleaned and provided with new glass)wool packing or rep
to rule out errors due to residues of binder or pigment (e.g. adsorption of solvents)
bf adsorption is revealed by peak tailing, in particular with\components of low volatili

ld injection system

temperature to 300 °C and shall have a sample splitter inlet made of a material such as glass. It sh

The cold in}:}ction system shall be provided with temperature programming for heating from
provided with a silanized glass wool packing and shallbetreated as specified in 6.1.2.1. In this cas

the split rat

6.1.2.3 Automatic sample injection system

The precisi
system, are
injectorisu

6.1.3 Ove

The oven shall be capablevof being heated between 40 °C and 300 °C both isothermally and y

programme
final tempef
the separati

pn column (see manufacturer's instructions).

o shall be adjustable and capable of beirig monitored.

bn of the method will be intreased if the injection systems, especially the hot inje
coupled to an auto injector- The manufacturer's instructions shall be followed when an|
sed.

n

d temperatiire control. It shall be possible to set the oven temperature to within 1 K
ature of'the temperature program shall not exceed the maximum operating temperatu

ction
e and
btain
aced

The

[y.

foom
11 be
b £00,

ction
auto

nder
The
re of

6.1.4 Det

ctor

TTOT

A Flame lonization Detector (FID) which is capable of being operated at temperatures up to 300 °C shall
be used. To prevent condensation, the detector temperature shall be at least 10 K above the maximum
oven temperature. The detector gas supply, injection volume, split ratio and gain setting shall be
optimized so that the signals (peak areas) used for the calculation are proportional to the amount of
substance

If the separated components are identified by a mass spectrometer, mass-selective detector of Fourier-
transform infrared spectrometer (FT-IR spectrometer), these instruments shall be coupled to the gas
chromatograph and operated in accordance with the manufacturer's instructions.
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6.1.5 Capillary separation column

The capillary separation column shall be made of glass or fused silica. To obtain overall chromatograms,
use capillary separation columns (for example of length 50 m and internal diameter 0,2 mm) coated
with polydimethylsiloxane or poly (ethylene glycol) at a film thickness of e.g. 0,2 pm. The stationary
phase and column length shall be varied to suit the particular separation (see examples in 10.1). The
resolution, R, of the peaks to be separated shall be at least 1,5.

6.1.6 Injection syringe

The injection syringe shall have a capacity between 0,5 pl and 10 pl and shall have 0,1 pl scale divisions.

6.2 | Data acquisition

The pignals from the detector are recorded by means of an electronic data-acquisition pystem. The
integration parameters used in calibration and analysis shall be identical.

6.3 | Sample vessel

A sultable sample vessel is one made of chemically inert material, such as glass, which cdn be sealed
with| for example, a rubber membrane which has a coating of polytetrafluoroethylene [PTFE). The
vessel shall be filled to about 90 % of capacity.

7 Reagents
7.1 | Gases

7.1.1 Carrier gas, dry oxygen-free helium,mitrogen or hydrogen having a purity of at least 99,996 %
(volyme fraction).

7.1.1 Detector gases, hydrogen having a purity of at least 99,999 % (volume fraction) and (synthetic)
air frjee of organic compounds.

7.1.3 Auxiliary gas, nitrogen or helium of the same quality as the carrier gas.

Suitdble filters shall bg installed in the gas chromatograph connection pipes to ads¢rb residual
impyrities (see the gas.chromatograph operating instructions).

7.2 | Internal standard

The |nternal standard shall be a solvent which is completely separated from the other ¢omponents,
for gxample, isobutanol, CAS-No 78-83-11) or diethylene glycol dimethyl ether, CAS-No 111-96-6.
The trternal-standard-shall-beinertwithrespeetteo—the sampleeonstituents,stable—in+the required

temperature range, and of known purity.

7.3 Calibration substances

The solvent used for the calibration shall have a purity of at least 99 % (mass fraction) or shall be of
known purity.

7.4 Diluents

Organic diluents such as methanol, CAS-No 67-56-1, or tetrahydrofuran, CAS-No 109-99-9, are suitable
for diluting the sample. The diluents shall have a purity of at least 99 % (mass fraction) or be of known

1) CAS-No: Chemical Abstracts Service Registry Number.

© IS0 2019 - All rights reserved 3
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purity and shall not contain any substances which interfere with the determination by for example
causing overlapping peaks in the chromatogram.

8 Sampl

ing

Take a representative sample, as described in ISO 15528.

9 Choice of sample injection system

The choice be

necessary t
which intert

Indications
chromatogr

various sample injector temperatures.

The two sa
observation

The hot inj
of the bindg
solvent com
programme

10 Procedure

10.1 Gasc

10.1.1 Gen

The gas chi

) use the cold injection
ere with the determination.

hm (for example the occurrence of foreign peaks or increase decreasejin*peak siz

mple injection systems have been studied in interlaboratory tests,-where the follo
S were made.

rs and additives. Cleavage products of the binders or additives which are identical
ponent can be separated by a cold injection system, since they elute later as a result ¢
d increase in injection block temperature (see Figure-2):

hromatographic conditions

eral

omatographic conditions used-will depend on the product to be analyzed and sh3

Ctis
nces

of cleavage or decomposition reactions can be obtained by looking for changes in the

e) at

wing

bction system includes all of the volatile constituents, selvents and cleavage products

to a
f the

11 be
s for

ial

optimized epch time using a known solyént mixture. 10.1.2 and 10.1.3 give examples of condition]
use with hot injection and cold injection, respectively.
10.1.2 Example of hot injection and gas chromatography of a water-thinnable coating mater
Injector temperature: 250°C
Split ratio: 1: 40
Injection volume; 0,5 pl, automatic injection
Oven temperature program: initial temperature: 70 °C
isothermal holding time: 3 min
heating rate: 10 K/min
final temperature: 200 °C
isothermal holding time: 25 min

Detector temperature:

260 °C
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Carrier gas: helium, column inlet pressure 100 kPa

Separation column: coated with poly(ethylene glycol), film thickness 0,2 pm, length 25 m,
internal diameter 0,2 mm

A related gas chromatogram is shown in Figure 1.

Key

etention time, in minutes

eak height

iluent (tetrahydrofuran)

ethyl isobutylketone (MIBK)
-methyl-I=propanol
thylbefizene and xylene isomers
leavage product from the binder

iethvlene olvcol dimethvl ester (internal standard)
"~ v [ vy A AY J

ethylene glycol ether

W N O Ul A WN R X

1-phenoxypropan-2-oll

Figure 1 — Gas chromatogram of a water-thinnable coating material A — Hot injection
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10.1.3 Cold injection and gas chromatography of a water-thinnable coating material (example)

Temperature program of the

cold injectio

Injection vo

Oven tempe

Detector ter
Carrier gas:

Separation (

A related ga

n system: injection temperature: 30°C
heating rate: 10 K/min
first holding temperature: 100 °C
holding time: 10s
heating rate: 10 K/min
second holding temperature: 260 °C
holding time: 240 s
split ratio: 1: 20

ume: 0,2 ul

rature program: initial temperature: 50°C
isothermal holding time: 4 min
heating rate: 8-K/min
final temperature: 240 °C
isothermal holding time: 10 min

hperature:

olumn:

280°C

hydrogen, celiumn inlet pressure 150 kPa

coated-with polydimethylsioxane, film thickness 1,02 um, length 30 m,

internal diameter 0,32 mm

s chromatogram isgshewn in Figure 2.
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Key
etention time, in minutes

peak height

diluent (methanol)

2-methyl-1-propanol (internal standard)
1-methoxypropan-2-ol
-ethoxypropan-2-ol

toluene

thylene glycol butyl ether (solvent ceniponent and cleavage product component)

,2,4-trimethyl-1,3-pentanediokisobutyrate

O 0 NN O U1 AW N R X

4

2-ethylhexanol

2,4,7 9-tetramethyl-5-decyne-4,7-diol
Figure 2 — Gas chromatogram of a water-thinnable coating material B — Cold injjection

10.2 Injectionvolume

The |njection volume and the split ratio shall be coordinated so as not to exceed the capacity of the
separation column and to remain within the linear range of the detector. Unsymmetrical peaks (peak

leadi A O e an indication of gverioading g ne gas chromatogrann system

10.3 Calibration

Determine the correction factors by weighing out amounts of the solvents under test in the same order
of magnitude as their respective content in the product and weigh out a similar amount of internal
standard. Dilute the mixture with a suitable diluent (e.g. methanol or tetrahydrofuran) and separate
it under the same conditions as used for the analytical sample. Calculate the correction factors. The
mixture can be used to optimize instrumental parameters.

10.4 Sample preparation and analysis

Carefully homogenize the product and weigh out about 1 g to 3 g of it and an amount of internal
standard in the same order of magnitude as the product under test into the sample vessel to the nearest

© IS0 2019 - All rights reserved 7
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0,1 mg on an analytical balance. Dilute the sample in a ratio of about 1 : 3 with a suitable diluent such
as methanol or tetrahydrofuran, seal the sample vessel and carefully homogenize the contents, for
example by shaking or on a roller agitator.

Set the instrumental parameters optimized in advance and observed during calibration.

Inject 0,1 pl to 1,0 pl (see 10.2) of the sample into the gas chromatograph, record the chromatogram and
identify the components contained in the product using a mass spectrometer, mass-selective detector
or FT-IR spectrometer coupled to the gas chromatograph. If the components of products are known,
they can be identified via their retention times or retention indices. Then, determine the components
quantitatively.

11 Expression of results

Evaluate the results qualitatively and quantitatively. Calculate the amounts of thel>compoments
contained i1} the product against the internal standard values using the correction factors determjned.

12 Precisjion

12.1 Genefal

The precisign of the test method was determined in accordance with“1SO 5725-1[11, in a round fobin
test. Three goating materials were tested by 10 laboratories usjng.the cold injection and hot injeftion
method. Foyr solvents were analyzed.

The details pf test matrix, solvent to be determined, concentration and injection method are shoyn in
Table 1 and [Fable 2.

Table 1 — Test parameters for hot injection

Sample Parameter Methyl |Isobutanol Butyl Phen(Li(y
isobutyl glycol propanol
ketone

Dispersion [l |Number of laboratories 8 7 7 6
general mean (%) 0,024 43 0,0251 0,024 7 0,0230
reproducibility standard deviation 0,00198 |0,0014 0,001 6 0,002 4
reproducibilitystandard coefficient (%) 8,1 57 6,5 10,3
repeatability standard deviation 0,001 80 0,001 3 0,0007 0,001 5
repeatability standard coefficient (%) 7,4 5,0 2,7 6,5

Dispersion § |Number of laboratories 7 7 8 7
general mean (%) 0,126 7 0,1257 0,124 4 0,1199
reproducihility standard deviation 00056 00060 00046 00113
reproducibility standard coefficient (%) 4,4 4,8 3,7 9,4
repeatability standard deviation 0,0050 0,006 0 0,001 0 0,003 4
repeatability standard coefficient (%) 3,9 4,8 1,6 2,8

Kathodic Number of laboratories 8 8 7 8

deposition [0, 0101 mean (%) 0,969 1,008 1,026 1,026

coating ma-

terial reproducibility standard deviation 0,021 0,021 0,013 0,048
reproducibility standard coefficient (%) 2,1 2,1 1,3 4,7
repeatability standard deviation 0,015 0,012 0,005 0,021
repeatability standard coefficient (%) 1,6 1,2 0,5 2,0

8 © IS0 2019 - All rights reserved
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