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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.

International

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

The main ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 15091 |
General test

5k of technical committees is to prepare International Standards. Draft International Stangflards
the technical committees are circulated to the member bodies for voting. Publication¥@s an
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the.subject of datent
hall not be held responsible for identifying any or all such patent rights.

vas prepared by Technical Committee ISO/TC 35, Paints and varnishés,) Subcommittee $C 9,
methods for paints and varnishes.
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INTERNATIONAL STANDARD ISO 15091:2012(E)

Paints and varnishes — Determination of electrical conductivity
and resistance

1 Scope

This International Standard specifies a method for determining the electrical conductivity and the electrical
resistance—of hnafing materials The r\nndnr\fi\/ih)l S ||e||ally meastred for water.harne painfe and Varnishes’
inclugling electrodeposition coating materials, and the resistance is usually measured for solvéntiborne paints
and arnishes. If required, the resistivity of the coating material is calculated from either of these mgasurements.
The Eethod is applicable to products having a conductivity less than 5 uyS/cm, corresponding to a resistivity
greater than 200 kQ-cm.

The ¢onductivity of coating materials influences their processibility in the presencé-of an electrid field. This is
partigularly important for electrodeposition paints and coating materials whichrare processed eleftrostatically.

2 ormative references

The following referenced documents are indispensable for the)application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 1513, Paints and varnishes — Examination and preparation of test samples
ISO 3696, Water for analytical laboratory use — Spétification and test methods

ISO 15528, Paints, varnishes and raw materials.for paints and varnishes — Sampling

3 Terms and definitions
For the purposes of this document;the following terms and definitions apply.

31
elecfrical resistance
R
ratio pf the potentialdifference along a conductor and the current through the conductor

NOTH Resistance is given by Ohm’s law:

U
R=7 (1

where
U is the potential difference;

I is the current.

The unit of electrical resistance is the ohm (Q), given by:

1ohm = 1 volt

1 ampere

The electrical resistance depends on the material of the conductor, its dimensions (length and cross-section) and its temperature.

© 1S0O 2012 — All rights reserved 1
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3.2
resistivity

ol
resistance per unit length of a material of unit cross-sectional area

NOTE Resistivity is given by Equation (2):

p=Rx% @)
where
A is theé cross-sectional area of the conductor;
/ is the¢ length of the conductor.
The unit of registivity is the ohm metre (Q-m).
3.3
conductance
G
reciprocal of[the resistance
NOTE Conductance is given by Equation (3):
1
G=—=— 3
2= @)
The unit of conductance is the siemens (S):
152 1 :1ampere
ohm 1 volt
34
electrical cgnductivity
/4
reciprocal of[the resistivity
NOTE Electrical conductivity is givén-by Equation (4):
1 11
y=—=ix )
p R 4
The unit of eldctrical condugtivity is the siemens reciprocal metre (S-m=1).
3.5
cell constant
c
quotient of the length and the cross-sectional area of a conductor
NOTE It is given by Equation (5):
/
=2 5
== (5)

From Equation (2), it can be seen that it corresponds to the ratio of the resistance to the resistivity of the conductor material.

For the determination of the resistivity by resistance measurement, this geometrical factor, i.e. the cell constant of the
measurement assembly, will need to be known.

Cell constants are given in reciprocal centimetres (cm=1).

2 © 1S0 2012 — All rights reserved
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4 General

4.1 Measurement of the resistance
The resistance may be determined by

— measurement of the current through a sample and the voltage acting on the sample;

or

— comparison of the measured resistance with a reference resistance.

For the current/voltage measurement, usually a constant pre-determined voltage is appliedto the sample,
and the current is measured with a suitable measuring instrument (e.g. a moving-coil instrument or a digital
instryment). The resistance is then calculated from Equation (1). See Figures 1 to 3.

oc

Figure 1 — Direct-current measurement

AC

Figure 2 — Alternating-current measurement — Two-electrode cell

© 1S0O 2012 — Al rights reserved 3
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Figure 3 — Alternating-current measurement — Four-electrode cell

To compare |the resistance of the sample with a reference resistancey'a bridge circuit is used in which the
resistances are balanced so that the bridge current becomes zero,-The resistance of the sample is calcylated
from the ratip of the resistances of the bridge circuit. Because\the bridge current is zero, errors whicl can
result from the existence of a load on the voltage source when the voltage/current measurement metHod is
used are avaided. The only contributions to the overall measurement error are any uncertainty in the refefence
resistance and any uncertainty in the adjustable resistance. See Figure 4.

Figure 4 — Wheatstone bridge

4.2 Avoidance of electrolysis and polarization effects

In order to avoid electrolysis or polarization effects which would falsify the measurement, measurements of
the resistance are usually carried out using alternating current. The frequency of the voltage applied to the
measuring cell should, however, be as low as possible in order to minimize the contribution made by the
reactance of the measuring cell, which acts as a capacitor.

4 © 1S0 2012 — All rights reserved
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5 Apparatus

5.1 Measuring instrument

Use a resistance- or conductivity-measuring instrument calibrated as described in Annex A.

5.2 Measuring cell

The measuring cell consists of electrodes insulated from each other, with a known cell constant. The electrodes
should preferably consist of a material that is easy to clean and inert (e.g. stainless steel, platinum, graphite,
titani |m) inorder to make sure that the measurement will not he invalidated hy r‘hangnc inthe electrodes. For
examn|ples of suitable electrodes, see Figure 5. It is important to ensure that the measuring c€ll |s completely
immarsed in the liquid. The exact depth will depend on the type of electrode.

The ¢ell geometry shall be chosen so that the possibility of contamination by dirt is minimized.

L Lo L

L=
[ ]

a) Measuring cell with'cylinder electrodes b) Measuring cell with plate elegtrodes

Figure 5 — Examples of measuring cells

6 $Sampling

Take aTepresentative sampte of the product tobetested; asdescribed iSO

Examine and prepare each sample for testing, as described in ISO 1513.

7 Procedure

7.1 Test conditions

Carry out the test at a temperature of (25 + 1) °C, unless otherwise agreed. The deviation from any agreed
temperature shall also be not more than +1 °C.

The dependence of the conductivity on the measurement temperature is shown in Annex B.

© 1S0O 2012 — All rights reserved 5
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7.2 Viscosity of test sample

The test is usually carried out at the same viscosity as that of the product under test when it is ready for use.
The solvent used to adjust the viscosity, if this is necessary, shall be agreed between the interested parties.

7.3 Numb

er of determinations

Make at least three individual measurements on the product under test.

7.4 Measurement of the electrical resistance or the electrical conductivity

Take the req
bubbles. If rg

Prior to the m
measuring ¢
e.g. a Wheat
become con
an agreed w

When using

Immediately

8 Expression of results

Calculate th¢ mean of the at least three individual measurements made of the resistance or conductiv

required, cal
made or Eqy
from the med

uired quantity of the paint sample and immerse the electrodes in it, avoiding the formati
quired, homogenize the material before doing this.

easurement, check the measuring cell for cleanliness and remove any particles of dirf. Conne
bll to the measuring instrument. For measurements using a direct-current measuring instru
stone bridge, read the value after a waiting time of 10 s in order to allow the €lectrical poten
stant. For measurements using an alternating-current measuring instrument, read the valueg]
hiting time.

continuously measuring instruments, the value shall only be read if itis‘constant for more than

after the test, thoroughly clean the measuring cell.

Culate the resistivity from this mean value, using*Equation (2) if resistance measurements
ation (4) if conductivity measurements were.made. Examples of the calculation of the resi
surements are given below, using typical values.

on of

ct the
ment,
tial to
after

20 s.

ity. If
were
Stivity

EXAMPLE 1: |Calculation of the resistivity from resistance  measurements
Mean resistance reading, R MQ 1,22
Mean resistance reading, R kQ 1220
CEll constant, ¢ cm! 7,55 x 103
Resistivity, p MQ-cm 161,6
Resistivity, p MQ-m 1,62

EXAMPLE 2: |Calculatien ‘of the resistivity from conductivity measurements
Mean conductivity reading, y puS/cm 1,375

ean’conductivity reading, ¥ nS/cm 1375

Cell constant, ¢ cm-! 0,8
Resistivity, p MQ-cm 0,727
Resistivity, p MQ:-m 0,007 27

9 Precision

The precision depends on the method of measurement, the reference materials used for calibration and the
product examined. Some typical precision values are given in Table 1. Examples of the conductivity and
resistivity to be expected for certain products are given in Table 2.

© 1SO 2012 — All rights re
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Repeatability limit

Reproducibility limit

Conductivity Resistivity ") (R)
> 5 pS/cm <200 kQ-cm 8 %2 17 %2
5 uS/cm to 0,062 5 uS/cm 200 kQ2-cm to 16 MQ:-cm No precision data available | No precision data available
< 0,062 5 pS/cm > 16 MQ-cm 12 %b 70 %P

a  Asgivenin ASTM D4399[3].
b Asgivenin ASTM D5682[41.

Table 2 — Examples of the conductivity and resistivity to be expected for selected’liquids

Examples Conductivity at 25 °C Resistivity

Watgr as specified in ISO 3696: Grade 1 <0,1 uS/cm >10 MQJcm
Grade 2 > 0,1 uS/cm but <1 uyS/cm >1 MQ-cm but 410 MQ-cm
Grade 3 > 1 uS/cm but <5 pS/cm > 0,2 MQ-cm butf< 1 MQ-cm

Elecirodeposition paint

700 pS/cm to 2 000 uS/em

1,43 kQ-cm to 0,50 kQ-cm

Solvent-containing varnish

1 nS/cm to 10 nS/cm

1000 MQ-cm to 100 MQ-cm

10 Test report

The test report shall contain at least the following information:

a) all information necessary for identification of the product tested (manufacturer, product desighation, batch

umber, etc.);

b) reference to this International Standard (ISO 15091);

C) e test temperature;

d) e solvent, if the sample was)diluted;

e) details of the measuringinstrument and the measuring cell used for the test;

f) e test result, as indicated in Clause 8;

g) any deviationfrom the test method specified;

h) any unusual features (anomalies) observed during the test;

i) e date of the test.

© 1SO 2012 — All rights reserved
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012(E)

Annex A
(normative)

Calibration

bration of the electrodes

A1.1 MeJthod A: Calibration using reference materials

Calibrate using suitable reference materials covering the range of values which are expected for the profucts
to be tested. The uncertainty in the conductivity of the reference materials shall be taken inte accountl The
conductivitieg of a range of aqueous potassium chloride solutions, which may be used for calibration purppses,
are given in Table A 1.
Table A1 — Conductivity of aqueous potassium chloride solutions
Molality of potas'smm chloride Conductivity at 25 °C Standard mea_surement
solution uncertainty
mol-kg~"! uS-cm- %
1,0 108 620,002 +0,042
0,1 12 824,602 +0,042
0,01 1408,232 +0,032
0,001 46,71 +0,30P
0,000 1 16,00P +3,0P
a2  Asgiven ip Reference [1].
b Measured at the Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig, Germany. The increased uncertainty gt low
concentration |evels reflects the influence of CO».
Calibration gf plate electrodes and ¢ylinder electrodes shall be carried out using a suitable conduclivity-
measuring irjstrument capable of measuring conductivities lying in the range of conductivities stated f¢r the
reference materials.
Method A is hot suitable for,materials having a conductivity which corresponds to a resistance < 200 kQ
A.1.2 Method B:‘Determination of the cell constant
Determine the céll constant by measuring the cell geometry, i.e. the distance between the plates and the area
of each of tHe“plates in the case of a plate electrode and the cylinder diameter and height in the case of a
cylinder electrode.
EXAMPLES
Cell constant, ¢, of a plate electrode:
/
. A1
= (A1)
where
/ is the distance between the plates;
A is the area of each of the plates.
8 © 1S0 2012 — All rights reserved
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