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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.

Intdrnational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, Part 2.

Theg main task of technical committees is to prepare International Standards. Draft Infernational
Standards adopted by the technical committees are circulated to the memberybodies [for voting.
Publication as an International Standard requires approval by at least 75 % of/the mempber bodies
casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be th¢ subject of
patent rights. ISO shall not be held responsible for identifying any or all 'such patent rights.

[SO[11890-2 was prepared by Technical Committee [SO/TC 35, Paints and varnishes.

—t

Thip third edition cancels and replaces the second edition (IS©@11890-2:2006), of which it cdnstitutes a
miror revision to correct the numerator of the fraction in Equation (6) in 10.5.

[SO[11890 consists of the following parts, under the general title Paints and varnishes — Deflermination
of vplatile organic compound (VOC) content:

— | Part 1: Difference method

— |Part 2: Gas-chromatographic method

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 11890-2:2013(E)

Paints and varnishes — Determination of volatile organic
compound (VOC) content —

Part 2:
Gas-chromatographic method

Thi
var

It s]
var
0,1

Thi
con
int
2

The
ind
refq
ISO
ISO
ISO
ISO
ISO
ISO

ISO

$s, the less complicated method given in ISO 11890-1 may be used,

Scope

5 part of ISO 11890 is one of a series of standards dealing with the sampling.and testin
hishes and related products.

hishes and their raw materials. This part is preferred if the expectéd VOC content is g1
Do by mass and less than about 15 % by mass. When the VOC conterit is greater than abo

pounds can be present and might need to be quantified by another suitable method and
ne calculations.

Normative references

following documents, in whole or in partydre normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig
760, Determination of water — Karl Fischer method (General method)

1513, Paints and varnishes <<\Examination and preparation of test samples

2811-1, Paints and varnishes — Determination of density — Part 1: Pyknometer method
2811-2, Paints andvarnishes — Determination of density — Part 2: Immersed body (plumn
2811-3, Paintsand varnishes — Determination of density — Part 3: Oscillation method
2811-4, Paints and varnishes — Determination of density — Part 4: Pressure cup method

15528,-Paints, varnishes and raw materials for paints and varnishes — Sampling

b of paints,

pecifies a method for the determination of the volatile organic compound (VOC) contenjt of paints,

eater than
ut 15 % by

E method assumes that the volatile matter is either water oroxganic. However, other volatile inorganic

hllowed for

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

v

et) method

3
For

31

Terms and definitions

the purposes of this document, the following terms and definitions apply.

volatile organic compound
vocC

any organic liquid and/or solid that evaporates spontaneously at the prevailing temperature and
pressure of the atmosphere with which it is in contact

Note 1 to entry: As to current usage of the term VOC in the field of coating materials, see volatile organic compound
content (VOC content).

© IS0 2013 - All rights reserved
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Note 2 to entry: Under US government legislation, the term VOC is restricted solely to those compounds that are
photochemically active in the atmosphere (see ASTM D3960). Any other compound is then defined as being an
exempt compound.

Note 3 to entry: Under European legislation, EU Directive 2004/42/EC, the term VOC refers to volatile organic

compounds with boiling points up to 250 °C, measured at a standard pressure of 101,3 kPa.

[SOURCE: ISO 4618:2006, modified — Note 3 to entry has been added.]

3.2

volatile organic compound content

VOC contepnt

mass of the volatile organic compounds present in a coating material, as determined under spécified
conditions

Note 1 to enjtry: The properties and the amounts of the compounds to be taken into account will depend or] the
field of application of the coating material. For each field of application, the limiting values and the methods of
determinatjon or calculation are stipulated by regulations or by agreement.

Note 2 to enfry: If the term VOC refers to compounds with a defined maximum boiling peint (see Note 3 to 3.1)f the
compounds|considered to be part of the VOC content are those with boiling points below'that limit, and compoynds
with higher|boiling points are considered to be non-volatile organic compounds.

[SOURCE: ISO 4618:2006, modified — Note 2 to entry has been added.]

3.3

exempt compound

organic compound that does not participate in atmospheric photochemical reactions

Note 1 to enftry: See Note 2 to entry and Note 3 to entry in 3.1)

3.4

ready for ise

state of a product when it is mixed in accordance'with the manufacturer’s instructions in the corfect
proportions and thinned if required using the'correct thinners so that it is ready for application by|the
approved rhethod

4 Pringiple

After prepfiration of the sample,-the VOCs are separated by a gas-chromatographic technique. Either a
hot or a colfl sample injection’system is used, depending on the sample type. Hot injection is the prefeqred
method. After the compatnds have been identified, they are quantified from the peak areas using an
internal sthndard. Depending on the equipment used, it might also be possible to determine the whter
content by|this methed.’A calculation is then performed to give the VOC content of the sample.

5 Requjréd supplementary information

For any particular application, the test method specified in this part of ISO 11890 needs to be completed
by supplementary information. The items of supplementary information are given in Annex A.

6 Apparatus

6.1 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 re

sistant to the sample and will not change it chemically.

© ISO 2013 - All rights reserved
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Sample injection system

1 General

one of the two types specified in 6.2.2 and 6.2.3.

2 Hot-injection system with sample splitter (preferred system)

The instrument shall have a variable-temperature injection block with a sample splitter. The injection
temperature shall be capable of being set to an accuracy of 1 °C. The split ratio shall be adjustable and

cap
vold
req
occ

6.2

The
to 3
san
in 6

Met

to an auto-injector. The manufacturer’s instructions shall be followed when an auto-injector

6.2

The
will
sub

Ind
chr
var

The
bin
of t
pro

6.3

The
pro
fing

bieof being monitored. T e Sampie Spitter IMSert sitatt contaimn sttantzed giass woot to

tile constituents, and shall be cleaned and provided with new glass wool packingor-A
1ired to rule out errors due to residues of binder or pigment (i.e. adsorption of,compd
irrence of adsorption is revealed by peak tailing, in particular with componentsyofiow v

3 Cold-injection system with sample splitter

cold-injection system shall be provided with temperature programming for heating fra
00 °C and shall have a sample splitter inlet which is made of an inert material such ag
ple splitter shall be provided with silanized glass wool packing andShall be maintained 3
.2.2. The split ratio shall be adjustable and capable of being monitored.

hod precision will be increased if the injection system, especially the hot-injection system

4 Selection of sample injection system

choice between hot-injection and cold-injection will depend on the type of product un
be necessary to use the cold-injection system for products which, at high temperaty
stances which interfere with the determination.

cations of cleavage or decomposition reactions can be obtained by looking for char
bmatogram (for example the occurrence of foreign peaks or an increase or decrease in p
ous sample injector temperatures.

hot-injection system coyeérs all of the volatile constituents, compounds and cleavage proc
lers and additives. Cleavage products of the binders or additives which are identical to a
he product can be-separated by a cold-injection system, since they elute later as a rq
brammed increasé.n injection block temperature.

Oven

oven-shall be capable of being heated between 40 °C and 300 °C both isothermally
brammed temperature control. It shall be possible to set the oven temperature to withi

etain non-
eplaced as
unds). The
platility.

m ambient
glass. The
s specified

is coupled
is used.

der test. It
re, release

ges in the
bak size) at

lucts of the
onstituent
sult of the

and under
n 1 °C. The

ltemperature of the temperature programme shall not exceed the maximum operating td

mperature

of t]

6.4

TE COTITMIT (SEE 6.5

Detector

Any of the following three detectors may be used, as well as other detectors suitable for specific

typ

es of compound:

6.4.1 Flame ionization detector (FID), capable of being operated at temperatures up to 300 °C.
To prevent condensation, the detector temperature shall be at least 10 °C 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.

6.4.2 Suitably calibrated and tuned mass spectrometer or other mass-selective detector.

©IS
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6.4.3 Suitably calibrated Fourier-transform infrared spectrometer (FT-IR spectrometer).

6.5 Capillary column

The column shall be made of glass or fused silica. Columns of sufficient length to resolve volatiles
and of maximum internal diameter 0,32 mm, coated with unmodified or phenyl-modified
poly(dimethylsiloxane) or poly(ethylene glycol) at a suitable film thickness, have been shown to give
good peak separation. The stationary phase and column length shall be chosen to suit the particular

separation

A suitable combinatic ature programes :E $ ha :
unds in the sample which are defined as VOCs by virtue of their boiling point (see Notg)B to
atter

that compd
3.1) elute 4
the marker
the marke
with anint

6.6 Qua

(see examples in Annex B).

uch

efore the boiling-point marker compound (see 7.4) and those which are not VOCs elute
compound. When the boiling-point limit is set at 250 °C and a polar stationary phase is u
compound given in 7.4, with a DB-1301™ columnD), or equivalent, at least 60 m itvlength
ernal diameter of 0,32 mm, and with a film thickness of approximately 1 um, {$irecommen

litative-analysis equipment

If the sepafated components are to be identified by a mass-selective detector or FT-IR spectromsg

the instru

ment shall be coupled to the gas chromatograph and operated in accordance with

manufactufrer’s instructions.

6.7 Inje

The injecti
the gas chr

6.8 Chal

Compensat

6.9 Inte

ction syringe

bn syringe shall have a capacity of at least twice tHé/volume of the sample to be injected
omatograph.

't recorder

ing chart recorders are suitable for plotting the gas chromatogram.

crator

An electrofic data-processing system (integrator or computer) shall be used to measure the peak ar

The integr

hition parameters used in.¢alibration and analysis shall be identical.

6.10 Sa

Use vials
[e.g. arubb

6.11 Gas

Filters sha

-
gases (see 6.12).

ple vials

lade of chentically inert material (e.g. glass) which can be sealed with a suitable septum
er membraneé coated with poly(tetra fluoro ethylene)].

iltérs

Sed,
and
led.

ter,

the

nto

£as.

cap

6.12 Gases

n the

6.12.1 Carrier gas: dry, oxygen-free helium, nitrogen or hydrogen, having a purity of at least
99,996 % by volume.

1) DB-1301 is the trademark of a product supplied by Agilent Technologies J&W. This information is given for the
convenience of users of this International Standard 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.

4
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6.12.2 Detector gases: hydrogen having a purity of at least 99,999 % by volume and air (synthetic), free
of organic compounds.

6.12.3 Auxiliary gas: nitrogen or helium of the same quality as the carrier gas.

7

7.1

The
sep
con
isol

7.2
The

7.3

Use
sha

e.g.

Reagents

Internal standard

nternal standard shall be a compound which Is not present in the sample and Is
hrated from the other components in the chromatogram. It shall be inert with respect.te
Stituents, stable in the required temperature range, and of known purity. Compoun
utanol and diethylene glycol dimethyl ether have been found suitable.

Calibration compounds

compounds used for calibration shall have a purity of atleast a 99 % by mass or shall be ofkn

Dilution solvent

an organic solvent suitable for diluting the sample. It shallhave a purity of at least 99 %
1 be of known purity and it shall not contain any substanees which interfere with the detsg
causing overlapping peaksin the chromatogram. Alwayscarry outa separate run injecting

completely
the sample
s such as

DWn purity.

by mass or
rmination,
the solvent

alone in order to observe contaminants and possible interference peaks, especially in trace analysis.

NOTI

7.4

If th
(seq
defj

EX
be

marn

8

Taki
Sys

Ex

testll

9

E Solvents such as methanol, water and tetrahydrofuran have been found suitable.

Marker compound

le term VOC is being used for compounds whose boiling points are below a defined max
Note 3 to 3.1), a marker compound of known purity and with a boiling point within 4
ned maximum limit shall be used:

A
U

MPLE If the defined maximum boiling point is 250 °C, tetradecane, with a boiling point of 25
sed as the marker compound-for non-polar systems and diethyl adipate, with a boiling point of 2
ker compound for polarsystems.

Sampling

e a representative sample of the product to be tested (or of each product in the case of a
em), as specified in ISO 15528.

mum limit
3 °C of the

P,6 °C, could
b1 °C, as the

multi-coat

sample for

a:lmine and prepare each sample for testing, as specified in ISO 1513, preparing the final
ing’in the “ready for use” state

Procedure

9.1 Density

If required by the calculation (see 10.3 to 10.5), determine the density of the sample using the part of
ISO 2811 which will give the best precision for the type of sample concerned. Determine the density at 23 °C.

©lI
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9.2 Water content

If required by the calculation (see 10.4 and 10.5), determine the water content, as a percentage by mass, by
the method givenin ISO 760, selecting the reagents so that there will be no interference from the compounds

contained i

NOTE 1

n the sample. If the compounds are not known, then determine them qualitatively (see 9.4).

normally publish literature for guidance on correct reagent selection.

NOTE 2

necessary to determine the water content, which may be assumed to be zero.

Typical compounds likely to cause interference are ketones and aldehydes. Reagent manufacturers

If the product to be tested is well characterized and known not to contain water, it might not be

9.3 Gas
9.3.1 Th
optimized

with hot-in

9.3.2 Th

chromatographic conditions

e gas-chromatographic conditions used will depend on the product to be analysed land sha
bach time using a known calibration mixture. See Annex B for examples of conditions for
jection and cold-injection systems.

b injection volume and the split ratio shall be coordinated so as not to-exceed the capacity of

column an

of overloading of the gas-chromatographic system.

9.4 (Qualitative analysis of product

If the orggnic compounds in the product are not known, then‘determine them qualitatively. A
chromatograph coupled toamass-selective detector or FT-IR spectrometer (6.6), with the chromatog
programmed to the same settings as will be used in 9.3, is the preferred method.

9.5 (alil

9.5.1 WHh
using the fi

9.,5.1.1 V|
in 9.4 whic

Weigh a si
dilution so

9.5.1.2 (

to remain within the linear range of the detector. Asymmetrical,peaks will give an indica

bration

llowing technique:

h are of the same order 0fjmagnitude as their respective contents in the product under tes

milar amount of theyinternal standard (7.1) into the sample vial, dilute the mixture V
vent (7.3), and inject it under the same conditions as will be used for the test sample.

ptimize thesinstrumental parameters as indicated in 9.3.

9.5.1.3

P];g

1 be
use

the

fion

gas
aph

ere suitable compounds are commercially available, the response factor shall be determined

Veigh, into a sample vial (6:10), to the nearest 0,1 mg, amounts of the compounds determined

L.

vith

ain inject a suitable amount of the calibration mixture into the gas chromatograph. Calcullate
the responge-factors for each of the compounds using Equation (1):
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ri= M ><Ais 1)
Mis ><Aci
where
ri is the response factor for compound i;
mjs is the mass, in grams, of the internal standard in the calibration mixture;
me;  is the mass, in grams, of compound i in the calibration mixture;
Ajs  isthe peak area of the internal standard;
Ac¢i  is the peak area of compound i.
9.5]2 Where unidentified peaks are found or where suitable compounds are gt commercially available,

a response factor of 1,0 shall be assumed.

9.6

sta
san|

NOT

9.7

9.7]1 Set the instrumental parameters as 0ptimized during calibration.

9.7J2 If the term VOC is being used for compounds whose boiling points are below a giver
limit (see Note 3 to 3.1), determine.the retention time of the marker compound by a separate
This retention time defines the.dntegration end-point for the VOC determination in the chrom
colymn which gives elution titnes that are related to the boiling point shall be used.

9.7

Detpermine the peak-aréas for each compound or, if the term VOC is being used for compou
boiling points are(bglow a given maximum limit (see Note 3 to 3.1), determine the peak a

conj
conj

Welgh, to the nearest 0,1 mg, approximately 1 g to 3 g of thesample and an amount of t

Sample preparation

dard which is of the same order of magnitude as the arjalytes into a sample vial. Dilu
ple with a suitable volume of dilution solvent, seal the vial and homogenize the contents

E Pigmented or otherwise difficult samples may be cleaned up by centrifuging.

Quantitative determination of compound content

3 Inject 0,1 pul to A of the test sample into the gas chromatograph and record the chrd

he internal
te the test

maximum
C analysis.
atogram. A

matogram.
nds whose
Ireas for all

pounds withdetention times lower than that of the marker compound. Determine the masg of all such

pounds present in 1 g of the product using Equation (2):
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(2)

_rn X A; Xmyg
r mg X Ajg
where
m; is the mass, in grams, of compound i in 1 g of the product;
r;  isthe response factor for compound i (see 9.5.1.3);
A; isthe peakarea of compound j;
Ajs is|the peak area of the internal standard;
mis is|the mass, in grams, of internal standard in the test sample (see 9.6);
ms is|the mass, in grams, of the test sample (see 9.6).
NOTE Jome solvents, such as naphtha, will elute as a series of peaks. With most recording integrators

total area m
integrator d
can then be

9.7.4 Rej

10 Calcullation

10.1 Gen

Calculate t
is specified

Method 1
determina

10.2 Metl

I
VOC=]

1

where

VOC

ay be summed and treated as one peak, provided no other compounds coeltite over this interval. I

used to determine the amount of solvent in the test sample.

peat the procedure.

bral

ne VOC content by the method specified in the referring specification. If no particular met
, calculate the VOC content by method 1-

s the preferred calculation methaed as the precision is better since it does not involve
ion of density (which introduces the potential for additional errors).

hod 1: VOC content, as a’percentage by mass, of the product “ready for use”

i];]
>,

=1

m; x100

1

is the VOC content, as a percentage by mass, of the product “ready for use”;

the
Fthe

oes not have this capability, then the total area will have to be summed nyanually. The equation alyove

hod

the

(3)

m;

is-the mass, in grams, of compound i in 1 g of the test sample (see 9.7.3);

100

is a conversion factor to convert from mass (grams per gram) to a percentage.

© ISO 2013 - All rights reserved
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10.3 Method 2: VOC content, in grams per litre, of the product “ready for use”

i=n

VOC=Y m;xpsx1000 4)
i=1
where
VOC isthe VOC content, in grams per litre, of the product “ready for use”;
m; is the mass, in grams, of compound iin 1 g of the test sample (see 9.7.3):
Ds is the density, in grams per millilitre, of the test sample at 23 °C (see 9.1);
1000 isa conversion factor to convert from mass (grams per gram) to grams'per litre
10.4 Method 3: VOC content, in grams per litre, of the product “ready for use” less water
i=n
2mi
VOC,,, = Lm X psx1000 (5)
1-p x—Y
Pw
whére
VOClw is the VOC content, in grams per litre,of the product “ready for use” less watef;
mj is the mass, in grams, of compoiind 7/ in 1 g of the test sample (see 9.7.3);
My is the mass, in grams, of watér in 1 g of the test sample (see 9.2);
Ds is the density, in grarms per millilitre, of the test sample at 23° C (see 9.1);
Pw is the density, imfgrams per millilitre, of water at 23 °C (= 0,997 537 g/ml);
1000 is a conversion factor.
© ISO 2013 - All rights reserved 9
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10.5 Method 4: VOC content, in grams per litre, of the product “ready for use” less water
and less exempt compounds (only required if national legislation applies)

VOCjye = = X psx1000 (6)
1-px™_p x 3 Mt
k Pw eci=1 Veci}
where

VOCjw¢  isthe VOC content, in grams per litre, of the product “ready for use” less water-and less
exempt compounds;

mj is the mass, in grams, of compound i in 1 g of the test sample without'exempt compoynd
(see 9.7.3);

Meci is the mass, in grams, of exempt compound i in 1 g of the test Sample;

My is the mass, in grams, of water in 1 g of the test sample (See 9.2);

Ps is the density, in grams per millilitre, of the test sample at 23 °C (see 9.1);

Pw is the density, in grams per millilitre, of water at 23 °C (= 0,997 537 g/ml);

Peci is the density, in grams per millilitre, of exempt compound i;

1000 is a conversion factor.

11 Expression of results

Ifthe tworé¢sults (duplicates) differ by more than the maximum valueindicated in 12.2, repeatthe procedure.

Calculate the mean of two valid results (replicates). For values greater than 1 % by mass, report to[the
nearest 0,1 %; for values less than or equal to 1 % by mass, report the result to the nearest 0,01 %.

12 Precikion

12.1 General

The precidion, of the test method was determined by interlaboratory testing in accordance with
ISO 5725_1 aud ISC 5725 2- FUul diffcl Cllt lllatcl ;Cl}D \AAYZ >4 tCDth b_)’ f;VU tU SCVUII lab\u CltUl iUO- SUll e Of
the results were not considered when calculating the precision because they were not in the scope of
the test method (see Footnote “a” to Table 1). Their VOC content was above 15 % by mass but they were
tested for a better comparison with the precision of ISO 11890-1.

12.2 Repeatability limit r

The repeatability limit r is the value below which the absolute difference between two single test results,
each the mean of duplicates, obtained on identical material by one operator in one laboratory within a
short interval of time using the standardized test method, may be expected to lie.

The repeatability for five repeated determinations made using this test method, expressed as the
repeatability coefficient of variation, lies between 1 % and 8 %.

10 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=dbc4ed6e9a405a817f4c82a7f649524a

1SO 11890-2:2013(E)

12.3 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, may be expected to lie.

The reproducibilty for this test method, expressed as the reproducibility coefficient of variation, lies
between 2 % and 11 %.

Table 1 — Results of interlaboratory testing

Parameter Dispersion ((IlathO(!i_c elect_ro- Water-_based Twesc on_lponent
eposition paint paint vapnish a

Nugnber of laboratories 5 7 5 6
Nullnber of repeated determinations 5 5 5 5

Megn VOC value, % by mass 0,36 11,68 11,83 43,36
Regroducibility standard deviation 0,04 0,24 1,22 173

EiE roducibility coefficient of varia- 104 2.0 10,3 109
Repleatability standard deviation 0,01 0,17 0,88 0,64
Repleatability coefficient of variation 2,6 1,5 7,4 1,5

a

Not considered for the precision because the mean VOC value is above 15 % by mass.

13
The

f)
g)

Test report

test report shall contain at least the following information:

areference to this part of ISO 11890 (ISO 11890-2);

batch number, etc.);

the items of supplementaryinformation referred to in Annex A;
supplying the infotmation referred to in c) above;

10.4 or 10.5Y;
any deviation from the test method specified;

the'date of the test.

all details necessary for completeiidentification of the product tested (manufacturer, t

a reference to the international or national standard, product specification or other

the results of{the test, as indicated in Clause 10, and the method of calculation used

Fade name,

document

10.2, 10.3,

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

Required supplementary information

The items of supplementary information listed in this annex shall be supplied as appropriate to enable

the methogte-be-carried-out:

The inforj\ation required should preferably be agreed between the interested parties and.may be

derived, in

product urnlder test.

a) Theor
b) The ex
c) Thebg
d) Which|
e) Them

part or totally, from an international or national standard or other document related to|the

sanic compound(s) to be determined (see Clause 9).
perimental conditions to be used (see Clause 9).
iling-point marker compound used (see 7.4).

of the organic compounds in a) are exempt compounds.

bthod of calculation to be used (see Clause 10).

12
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Annex B
(informative)

Examples of gas-chromatographic conditions

ctor temperature:
ratio:
ction volume:

n temperature programme:

pctor temperature:

fier gas:

Colfimn:

(AT

B-1301™ column 1)htas been found suitable)

250°C

1:40

0,5 ul, automatic injection
initial temperatuxe: 100 °C
isothermal holding time: 1 min
heating®ate: 20 °C/min
finaltemperature: 260 °C
isothermal holding time: 21 min
260 °C

helium

column inlet pressure: 124 kPa (18 g

linear flow rate through column: 27,
100 °C oven temperature

length: 60 m
internal diameter: 0,32 mm

coated with 6 % cyanopropyl-pheny
methylpolysiloxane

film thickness: 1 um

si)

B cm /s at

/94 %

© IS0 2013 - All rights reserved
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