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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 water content —
Gas-chromatographic method

1 Scope

This document specifies a method for the determination of the water content of water-borne coating

mat?mﬁ‘dmnmﬂﬁmmmﬂrﬁmjmm
test method is from a water mass fraction of 15 % to a water mass fraction of 90 % butithe

be aj]

plied outside of this range.

2 Normative references

The
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undg

ISO 7
ISO 1
ISO 3
ISO 4
ISO 1

3
Fort
[SO 4
— 1
— 1

3.1
read
statd

prop

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated references, only)the edition cited
ted references, the latest edition of the referenced document (in¢luding any amendme

60, Determination of water — Karl Fischer method (General'method)

513, Paints and varnishes — Examination and preparation of test samples
696, Water for analytical laboratory use — Specification and test methods
618, Paints and varnishes — Terms and definitions

5528, Paints, varnishes and raw materials for paints and varnishes — Sampling

[erms and definitions
he purposes of this document, the terms and definitions given in ISO 4618 and the foll

nd IEC maintain terminelegical databases for use in standardization at the following g

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

EC Electropedia;available at http://www.electropedia.org/

y for use
of a product when it is mixed in accordance with the manufacturer’s instructions in
prtiens and thinned if required using the correct thinners so that it is ready for applid

range of this
method can

heir content
applies. For
hts) applies.

wing apply.

ddresses:

the correct
ation by the

appr

bved method

[SOU

RCE: ISO 11890-2:2013, 3.4]

4 Principle

A suitable amount of the sample is internally standardized, diluted with appropriate organic solvent,
and then injected into a gas chromatographic column that separates water from other components,
after which the water is detected by a thermoconductivity detector and quantified from the peak areas
using the internal standard.
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5 Apparatus

5.1 Gas chromatograph

The apparatus shall be set up and used in accordance with the manufacturer's instructions. All of the
instrumental parts coming into contact with the test sample shall be made of a material (e.g. glass)
which is resistant to the sample and will not change it chemically.

5.2 Sample injection system

The instrum
temperatur¢

capable of 1
nonvolatile
required to

5.3 Oven

shall be capable of being set to an accuracy of 1 °C. The split ratio shall be adjustdblg
peing monitored. The sample splitter insert shall contain silanized glass wool to r
Constituents, and shall be cleaned and provided with new glass wool packing or replac
eliminate errors due to residues of binder or pigment (i.e. adsorption of conipounds).

The oven shall be capable of being heated between 40 °C and 300 °C both.isothermally and y

programme
final temper
of the colum

5.4 Dete¢

d temperature control. It shall be possible to set the oven temperature to within 1 °C
ature of the temperature programme shall not exceed the maximum operating temper
n (see 5.5).

tor

Thermocongluctivity detector (TCD), capable of being opé€rated at temperatures up to 300 °C

injection vo
the calculat

5.5 Capil

The column|
of maximu

Columns sh
water. Othe]

5.6 Injec

The injectio
the gas chrg

5.7 Data

ume, split ratio and gain setting shall be optimized so that the signals (peak areas) use
on are proportional to the amount of substance.

Jary column

shall be made of glass or fused-silica. Columns of sufficient length to resolve watei
internal diameter 0,53 mnijbased on bonded porous polymer technology shall be

columns proved to be egually suitable may also be used.

fion syringe

h syringe shall.Have a capacity of at least twice the volume of the sample to be injected
matography

processing
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btain
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nder
The
nture
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1sed.

uld also show good stability'and reproducibility with samples containing large amounts of
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5.8 Sample vials

ling

Use vials made of chemically inert material (e.g. glass) which can be sealed with a suitable septum cap
[e.g. a rubber membrane coated with poly(tetra fluoro ethylene)].

5.9 Gas filter

A filter shall be installed in the gas chromatograph connection pipes to adsorb residual impurities in

the gas (see

5.10).
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Care should be taken that any moisture that might be present in the carrier gas is eliminated through
the use of a suitable carrier gas purifier. Trace levels of water will accumulate on the column at low oven
temperatures and might affect the reproducibility as well as the accuracy of the determination.

5.10 Carrier gas

Hydrogen of 99,995 % or higher purity. High-purity helium may also be used.

5.11 Analytical balance

Capghlp nf‘/\mighing toanaccuracvof Q1 mg

5.12 Bottle-top dispenser

Dispensers shall be equipped with a drying tube. All parts of the dispensers-shall be [inert to the
solvgnts used.

6 Reagents and materials

During the analysis, use only reagents of recognized analytical grade. Other grades may gqlso be used,
provjded it is first ascertained that the reagent is of sufficientlyyhigh purity to permit its fuse without
lessening the accuracy of the determination.

6.1 | Internal standard (anhydrous)

The finternal standard shall be a compound which is not present in the sample and i§ completely
separated from the other components in the chrgmatogram. It shall be inert with respect tp the sample
constituents, stable in the required temperature range, and of known purity. Dry the interpal standard
with|the molecular sieve (6.4). Dispense théinternal standard with the bottle-top dispensejr (5.12).

NOTH 2-propanol or n-propanol hasbeen found suitable.

6.2 | Dilution solvent

Use an organic solvent suitable for diluting the sample. It shall have a purity of at least 99 % (mass
fractfion) or shall be of known purity, and it shall not contain any substances which interfgre with the
detefmination, e.g. causing overlapping peaks in the chromatogram. Always carry out a deparate run
injecting the solvent-alene in order to observe contaminants and possible interference peakis, especially
in trace analysis<Dry the dilution solvent with the molecular sieve (6.4). Dispense the dilytion solvent
with|the bottle:top dispenser (5.12).

NOTH Dimethylformamide (DMF) has been found suitable.

6.3 L\Water

Water conforming to the requirements of grade 3 or higher of ISO 3696 shall be used.

6.4 Molecular sieve
Pore diameter: 2 Ato 3 A (=2 x10-7 mm to 3 x 10-7 mm); particle size: 1,7 mm to 5,0 mm.

The molecular sieve shall be regenerated before use.

7 Sampling

Take a representative sample of the product to be tested (or of each product in the case of a multi-coat
system), as specified in ISO 15528.

© IS0 2019 - All rights reserved 3
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Examine and prepare each sample for testing, as specified in ISO 1513, preparing the final sample for

testing in th

e “ready for use” state.

8 Procedure

8.1 Gas-c

hromatographic conditions

The gas-chromatographic conditions used depend on the product to be analysed and shall be optimized
each time using a known calibration mixture. Examples of gas-chromatographic conditions are given in

Annex A.

The injectid
the column
indication o

8.2 Wate

Determine t
in ISO 760.

8.3 Calib
The respong

Weigh abou
vial (5.8). W
the dilution

Inject 0,1 pul
calibration

and to remain within the linear range of the detector. Asymmetrical peaks will giy
f overloading of the gas-chromatographic system.

Ir content of the dilution solvent

he water content of the dilution solvent (6.2) by Karl Fischer titration“method as desc

ration

e factor shall be determined using the following technique.

eigh about 10,0 g of dilution solvent (6.2) into,the same vial (5.8), to the nearest 0,1 1
solvent (6.2) is anhydrous, simply add 10 ml-ofit as weighing is not necessary.

to 1,0 pl of the calibration mixture twiee under the conditions specified in 8.1. From
hromatogram, calculate the response factor for water using Formula (1):

n volume and the split ratio shall be coordinated so as not to exceed the capacilty of

fe an

ribed

£ 0,4 g of water (6.3) and 0,4 g of internal standard.(6.1), to the nearest 0,1 mg, into a sample

ng. If

each

M

(m +m, X P) X A.
ro= cw ds is
w m., XA
1S cw
where
rw id the response factotfor water;
P id the water content, in grams per gram, of the dilution solvent (see 8.2);
mqgs i9the mass,in grams, of the dilution solvent;
mis i9thenass, in grams, of the internal standard in the calibration mixture;
Meyw 1S theTmass; T grants, of water inmtemntionally added to the catibration mixture;
Ajs  isthe peak area of the internal standard;
Acw  isthe peak area of water in the calibration mixture.

Calculate the mean value (FW ) of the two calibration response factors.

8.4 Sample preparation

The mass of the sample depends on the expected water content w (see Table 1).

© ISO 2019 - All rights reserved
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Table 1 — Mass of sample

Expected water content, w Mass of sample
% (mass fraction) g
15=sw<30 2,0
30<w<50 1,0
50<w<70 0,7
70<w<90 0,5

Weigh to the nearest 0,1 mg, the sample and about 0,4 g of the internal standard (6.1) into the sample

vial (5.8). Weigh about 10,0 g of dilution solvent (6.Z) into the same vial (5.8), to the nedrest 0,1 mg.

If the dilution solvent (6.2) is anhydrous, simply add 10 ml of it as weighing is not nedess
vial, [shake the vials on a wrist action shaker or other suitable device for 15 min. Te\facil
of solids, allow the vials to stand for a suitable time just prior to injection into the.Chromnj

part

NOTH

8.5
Sett

Injec
chro
cont

whet

4

Wsw is the water content, as a percentage mass fraction, of the sample;

is is the mass, in grams, of the internal standard in the calibration mixture;

s is the mas$yin grams, of the sample;

cles do not readily settle, phase cleaning may be obtained by centrifugation:

Dry mixing glass beads added to the vials have proved beneficial with viseous samples.

Quantitative determination of water content
ne instrumental parameters as specified in 8.1.

t 0,1 pl to 1 pl of the “ready for use” sample into the gas chromatograph and
matogram. Determine the peak areas for water and-the internal standard. Determir

ent of the sample using Formula (2):

= mis XAsw
Ve =Ty X ——2 %100
m, xAiS

- is the mean value ofthe'two calibration response factors for water;

lis  is thepeak area of the internal standard;

lsw _isthe peak area of water of the test sample.

hry. Seal the
tate setting
atograph. If

record the
e the water

(2)

Repg

atthe procedure.

If the blank indicates the presence of a detectable peak for water in the solvent (6.2), apply a correction
in the calculation by using Formula (3) and Formula (4):

my, X P
Wy =~ x100
w
m
s
© IS0 2019 - All rights reserved
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Wgsw is the water content, as a percentage mass fraction, due to the dilution solvent;

mqs
P

ms

is the mass, in grams, of the dilution solvent;
is the water content, in grams per gram, of the dilution solvent (see 8.2);

is the mass, in grams, of the sample.

CSwW
where

Wesw 19

q

Wew 19

Wdsw 1

9 Expre;

If the two 1

procedure.
to the neare

10 Precis

10.1 Gene

The precisi
[SO 5725-1 4

10.2 Repe

The repeatd

results, eaclh the mean of duplicates, obtained on identical material by one operator in one labor

within a shag

Wsw ~ Wdsw

the water content, as a percentage mass fraction, of the sample by-correction;
the water content, as a percentage mass fraction, of the sample;

the water content, as a percentage mass fraction, due tothe dilution solvent.

s5sion of results

Lalculate the mean of two valid results (replieates). Mass fractions shall be reported at
st 0,1 %.

ion

ral

bn of the test method\was determined by interlaboratory testing in accordance
ind 1SO 5725-2. Details)can be found in Annex B.

atability limit,)r
bility limity7, is the value below which the absolute difference between two single

rt interval of time using the standardized test method, may be expected to lie.

(4)

esults (duplicates) differ by more than the maximum value indicated in 10.2, repeat the

least

with

test
htory

5 the

The repeatd

bility for four repeated determinations made using this test method, expressed a

repeatability coefficient of variation, lies between 0,2 % and 1,0 %.

10.3 Reproducibility limit, R

The reproducibility limit, R, is the value below which the absolute difference between two test results,
each the mean of duplicates, obtained on identical material by operators in different laboratories using
the standardized test method, might be expected to lie.

The reproducibility for this test method, expressed as the reproducibility coefficient of variation, lies
between 0,6 % and 3,0 %.
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11 Test report
The test report shall contain at least the following information:

a) all details necessary for complete identification of the tested product (manufacturer, trade name,
batch number, etc.);

b) areference to this document (i.e. ISO 23168:2019);
c) the gas-chromatographic conditions to be used (see 8.1);

d) theresults of the test, as indicated in 8.5, and the method of calculation used (see 8.5);

e) the dilution solvent used;
f) any deviation from the test method specified;
g) any unusual features (anomalies) observed during the test;

h) the date of the test.

© IS0 2019 - All rights reserved 7
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Annex A
(informative)

Example of gas-chromatographic conditions

Detector Thermal conductivity

P T A T T R S N
Column \ZJE'r:lU;dol’Dg)éH:nLI{r‘;J;Ulkz)llE;lu WILITPDOLY(SLYTCIIC=UIVIIIYyTIDCIIZCIIC],
Injector temperature 250 °C
Detector temperature 300°C

Initial temperature: 100 °C

Firstisothermal holding time: 2 min

Heating rate: 20 °C/min
Programmd Second isothermal holding temperature:‘130 °C

Holding time: 3 min
Heating rate: 30 °C/min
Final temperature: 200 °C

Isothermal holding time: 5-min

Carrier gas Hydrogen
Flow rate 6,5 ml/min
Injection vglume 1ul

Split ratio 1:5

a) CP-PoraBond Q is an example of a suitable product available commercially. This information is given
for the conyenience of users of this doeument and does not constitute an endorsement by ISO of|this
product.

8 © IS0 2019 - All rights reserved
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