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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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Introduction

Rubber materials are widely used in many industries, either as the major material or forming a part of
the product, because of their unique physical properties which can be tailored by compounding to match
the particular requirements of the product specification. Although rubbers are generally regarded as
insulating materials, they can be made electrically conductive or dissipative by compounding with a
certain amount of carbon black or ionizable ingredients. Hence, the range of electrical resistance to be
measured is very wide. It is difficult, however, to obtain high accuracy for measurements in the high-
resistance range due to a number of factors.

3 daciiaant b o o0 oo dad lacteod rekaxa i 33 d & dat 115 FaN 3 rokizzi £ bb
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piecds since it is considered a good compromise between minimizing the errors by shunting away stray
currents and using more unwieldy measurement instruments (see also IEC 62631-3-19:

ISO 1853, on the other hand, covers rubber materials with medium to low resistance, i.e.|resistivities
of 108 Q:m or below. It specifies three methods for determining volume resistivity which minimize or
eliminate contact resistance.

The mmethods specified in this document were originally designed for thie-détermination of both surface
and yolume resistivity of insulating rubber materials, but their use can*be extended to covger the range
from| high to low resistivity.

It is known that the test results are sensitive to the test condibions, such as temperature apd humidity,
and fo heat and strain history.
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INTERNATIONAL STANDARD ISO 14309:2019(E)

Rubber, vulcanized or thermoplastic — Determination of
volume and/or surface resistivity
WARNING 1 — Persons using this document should be familiar with normal laboratory practice.

This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to

determine the applicability of any other restrictions.
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NING 2 — Certain procedures specified in this document might involve the use'ox
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document specifies a method for the determination of the volumejand the surface 1
inized or thermoplastic rubbers. The method can be applied toumaterials with a resi
)-m to 1017 Q-m.

Normative references

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

382, Rubber — Vocabulary
8899:2013, Rubber — Guide to the.calibration of test equipment

3529, Rubber — General procedures for preparing and conditioning test pieces for physical

Terms and definitions

he purposes of this‘document, the terms and definitions given in ISO 1382 and the foll
nd IEC maintainterminological 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/
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ddresses:

volume resistance

R

A%

quotient of a direct-current voltage applied between two electrodes in contact with opposite faces of a
test piece and the current between the electrodes, excluding current along the surface

Note

3.2

1 to entry: It is expressed in ohms (Q).

surface resistance

R

S

quotient of a direct-current voltage applied between two electrodes on the same surface of a test piece
and the current between the electrodes

Note

© ISO

1 to entry: It is expressed in ohms ((2).
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volume resistivity

Py

measured volume resistance calculated to apply to a cube of unit side

Note 1 to entry: It is expressed in ohm metres (-m).

3.4

surface resistivity

Ps

measured surface resistance calculated to apply to a square

Note 1 to ent

3.5
guarded-el
electrode sy

Fy: It is expressed in ohms (Q) and the size of the square is immaterial.

pctrode system
stem composed of three electrodes, a guard, and a guarded and an ungoarded elecfrode

to reduce nﬁ_easurement errors by protecting the current-measuring electrode from the interfering

influences o

Note 1 to ent]
all stray curr
the guard sy
connections
circuit by th{

voltages other than the test voltage, and of stray conductances

y: Guarding depends on interposing, in all critical insulated parts, guardélectrodes which intgrcept
ents that might otherwise cause errors. The guard electrodes are cofintected together, constifuting
stem and forming with the measurement terminals a three-terminal network. When sujtable
hire made, stray currents from spurious external voltages are shunted away from the measurgment

guard system, the insulation resistance from either measurement terminal to the guard system

shunts a circyiit element which should be of very much lower resistance, ‘and the specimen resistance constltutes

the only dir
considerably
4 Princi

The volume
of electrode
are calculat

5 Appar

The test eqy

bct path between the measurement terminals. By this technique, the probability of erfor is
reduced (see 5.3.2 of IEC 62631-3-1:2016 for more details).
ple

and surface resistances of a rubber test piece are determined, using a suitable arrangement
5, from the current flowing when-avoltage is applied. The volume and surface resistiyities
bd from the measured resistances)which include the contact resistance.

atus

ipment consists of apewer supply, current-measuring equipment and electrodes:

5.1 Stabilized direct-ctirrent power supply, capable of applying a voltage of 1 V to 1 000 V tp the

eter,;capable of measuring the applied voltage with an accuracy of +2 %.

test piece.
5.2 Voltm
5.3 Ammeé

100 mA, depending on the resistivity of the test piece to be measured. The accuracy of the current-
measuring device shall be better than 5 %.

5.4 Electrodes

5.4.1 Guarded-electrode system

Three electrodes shall be applied to the test piece:

— amain electrode (circular);

— aring electrode (annular);

© ISO 2019 - All rights reserved
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— an opposed electrode (circular).

5.4.2 Shapes and dimensions of electrodes

The main (smallest) electrode is circular and is surrounded by the ring electrode. The third electrode is
circular and placed on the opposite side of the test piece to the main electrode. The arrangement of the
electrodes is shown schematically in Figure 1.

D;

D,

~ -
~ -
~—o -

X (@) A typical example
D\ " |(50 +0,5) mm
-~} [(60+0,5) mm
~ - Ds3 (80 £0,5) mm
\0-_," D, (83 +2) mm
Q% g 5 mm
Q~ h 2 mm

?\
e O
0 mnai e?ﬁode

1 ectrode

opposed electrode

BwWw N R

test piece
Figure 1 — Arrangement of electrodes

The dimensions of the electrodes shall comply with following requirements:
— The diameter D, of the main electrode shall be at least ten times the test piece thickness h.

— The gap g between the main electrode and the ring electrode shall be uniform in width. For the
measurement of volume resistivity, the gap needs to be such as to give a balance between fringing
and current leakage. Fringing is current flowing in a curved path near the electrode and is more
prevalent with a wide gap. Leakage current between the main and ring electrodes will be greater

© IS0 2019 - All rights reserved 3
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with a narrow gap. Gaps between 1 mm and 15 mm have been used depending on the range of
resistivity to be measured.

For the measurement of surface resistivity, the gap g shall be at least twice the test piece thickness so
that the effect of the volume resistance can be ignored.

— The width of the ring electrode shall be greater than the test piece thickness h.

— The diameter D, of the opposed electrode shall be greater than the outer diameter D5 of the ring
electrode.

NOTE The measured volume or surface resistance might depend strongly on the test piece and electrode
dimensions. For comparative determinations, the same size of test piece and electrodes need to be used.

5.4.3 Eledtrode materials

Electrodes ghall be of a conducting material capable of being intimately applied to thertest piece. Ifithey
are applied |before conditioning, the material shall be moisture-permeable. Electrodes other than of
rigid metal g$hall be supplemented by rigid metal backing plates.

NOTE Syitable electrode materials are considered in Annex A.

5.4.4 Eledtrical circuits

Suitable cirquits for testing are shown in Figures 2 and 3.

4 © IS0 2019 - All rights reserved
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11

Key
guarded electrode (main electrode)

duard electrode (ring electrode)

flest piece

unguarded electrode (opposed electrode)

lirect-current supply

qwitch

d¢onnection for short-circuiting electrodes’(to discharge test piece)
donnection for measurement circuit

O© 0 N O U1 o W N =
o

dmmeter
darth
easurement current

[ Y
N R O

duard current

Figure 2 — Circuit configuration for volume resistivity
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Key

guarded lelectrode (main electrode)

unguardgd electrode (ring electrode)
test piece
guard el¢ctrode (opposed electrode)
direct-cyrrent supply

switch
connectipn for short-circuiting electrodes (to discharge test piece)

connectipn for measurement circuit

O© 0 N O Ul o W N =

ammete]
10 earth
11 measurement current
12 guard cufrent

Figure3'— Circuit configuration for surface resistivity

6 Calibration

The requirements for calibration of the test apparatus are given in Annex C.

7 Test pieces

7.1 Form

The test piece shall be a flat, smooth sheet of sufficient size that the annular electrode does not reach its
edges. The surfaces of the sheet shall not be buffed.

The nominal thickness of the test piece shall be in the range 0,5 mm to 5 mm. Recommended thickness
is 1 mm or 2 mm.

The thickness of the test piece shall be measured at several points distributed uniformly over the area
covered by the main electrode to the nearest 0,01 mm. The average value shall be used as the test piece

6 © IS0 2019 - All rights reserved
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thickness. The variation in thickness within a given test piece shall not exceed 10 % of the mean value.
Test pieces used for comparative tests shall be, as nearly as practicable, of the same thickness.

7.2

Number of test pieces

Three test pieces shall be used.

8 Conditioning

The time interval between vulcanization and testing shall be in accordance with ISO 23529.

Sam;l)les and test pieces shall be stored in accordance with ISO 23529 during the inteby
vulcs

The

temp]

Meta
be ci
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9

9.1

Testy
elevd
seled

With|
unde
NOTH
hydr

9.2

The
seled
dissi

voltages are LV,*10 V, 100 V, 500 V and 1 000 V. Suitable test conditions are given in Annex

NOTH
genel

Test conditions

inization and testing.

material shall be conditioned before testing for a minimum of 16 h at.standard
erature and humidity as specified in ISO 23529.

| foil, liquid and conductive elastomeric electrodes shall be applied-after conditionin
irried out either in the conditioning atmosphere or as soon as possible after remoy

Temperature and humidity

are normally performed at a standard laboratory temperature as defined in ISO 235
ted or subnormal temperatures can be used. In the latter case, the test temperat
ted from the list in [SO 23529.

materials for which the results are khown to be sensitive to humidity, the test shall bg
r standard laboratory conditions (temperature and humidity) as defined in ISO 23529

An influence of humidity has.been observed with polyurethane rubbers and other rubbe
philic fillers.

Applied voltage

fest voltage applied to the test piece shall be in the range 1 V to 1 000 V. The volt
ted in consideration of the resistivity of the test piece and rated current of the ammete
pated in the.test piece shall not exceed 0,1 W, in order to minimize heat generation. Re

Setting the dissipation of electric power at less than 0,1 W is based on the estimatio|
ated.*Assuming that dissipation of electric power within a test piece is 1 W, 60 | is generated

yal between

laboratory

. This shall
ral from the

litioning atmosphere. Moisture-permeable electrodes can be applied before conditioning.

P9, although
ire shall be

carried out

s containing

hge shall be
. The power
commended
3.

n of the heat
during a 60 s

currentapphecation-

nnnnnnnnnn that tho yaace Af+ha b bhny 10 4o oot ganaratioy apna o d vhn o
HEtratte-hasSs ot eTFuBoe it H—afrea—ahRa—+tie-—5

ecific heat of

the rubber are 3 g and 2 000 J-kg-K, respectively, and that all the heat generated acts to raise the temperature of
the test piece, the resulting temperature rise is approximately 10 K. In practice, heat is dissipated out of the test
piece and the actual temperature rise will be less than that calculated. If the dissipation power is limited to 0,1 W,
the temperature rise is estimated to be approximately 1 K, which can be considered negligible.

10 Test procedure

Measure the electrode dimensions and the width of the gap g to the nearest 0,05 mm.

Apply the electrodes, ensuring that there is intimate contact with the test piece over the entire electrode
area. Take care to avoid excessive pressure since the test result can be affected by deformation of the
test piece. When conductive paint electrodes are used, ensure that the film is not damaged and not

separ

© ISO

ated from the test piece.
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Connect up the electrodes, current-measuring device and power supply as shown in Figure 2 or 3 for
volume or surface resistivity measurement, respectively.

Short-circuit the guarded electrode and the unguarded electrode, as indicated in Figures 2 and 3,
such that any residual charge on and in the test piece is eliminated. This operation shall be carried out
on all conditioned test pieces. For a material which has a resistivity of more than 10 Q-m, sufficient
discharging time shall be taken.

Reconnect the electrodes as appropriate for the measurement of the volume or surface resistivity,
and then apply the specified voltage. Measure the current between the guarded electrode and the
unguarded electrode 1 min after applying the voltage.

Before carrying out a further measurement on the same test piece, repeat the discharging process
11 Expression of results
11.1 Volumpe resistivity
NOTE1 Tlhe rubber industry uses the term equation for the relationships herein‘térmed formula. The|term
formula is usgd to describe the table of ingredients in a rubber compound.
Calculate the volume resistivity from Formula (1):
A AXV
= — = 1

Py =1 T I, ()
where

p, s the volume resistivity, in Q-m;

R, isthe volume resistance, in Q;

A is the effective area of the guarded eléctrode, in m?;

h isthe thickness of the test piece;in m;

V'  isthe voltage applied, in/V;

I, isthe current measured 1 min after application of the voltage, in A.
The effectivie area of thé/ntain electrode is calculated from its diameter of D; + Bg (see Annex D for
details). Forjmost purp@ses with the typical electrode system in 5.4.2 and the first of the preferred test
piece thicknesses (gn='5 and h = 1), the corrected diameter can be taken as D; + 0,9. For D; = 50, the
effective digmeteris about 1,8 % larger than the actual diameter. For thicker test piece (g = 5 and A = 2),
the effective diameter increases to 3,4 % larger than the actual diameter.

NOTE 2

electrode is needed.

11.2 Surfa

NOTE

ce resistivity

formula is used to describe the table of ingredients in a rubber compound.

See Annex D for the correction of g/h when a more accurate value for the effective area of guarded

The rubber industry uses the term equation for the relationships herein termed formula. The term

Calculate the surface resistivity from Formula (2):
(D, +D (D, + Dy )XV
- (Dy 1)><R5= (D +Dq) @
Dy =Dy (Dy =Dy )X

© ISO 2019 - All rights reserved
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where

ps is the surface resistivity, in (;
s s the surface resistance, in Q;
D, is the diameter of the guarded electrode, in m;

D, is the inner diameter of the ring electrode, in m;

I isthe voltage applied, in V;

I, isthe current measured 1 min after application of the voltage, in A.

12 Test report

The test report shall include the following information:
a) sample details:

1) afull description of the sample and its origin,
2) the method of preparation of the test pieces from the sample, for example moulded or cut;
b) a full reference to the test method used (i.e. ISO 14309:2019);

c) {estdetails:

1) thelaboratory temperature,

2) the time, temperature and humidity of conditioning prior to the test,

3) the temperature and relative-humidity of the test, if other than the temperature and relative
humidity used to condition the test pieces,

4) the dimensions andmaterial of the electrodes used,

%) the voltage applied’to the test piece,

6) details of any-procedures not specified in this document;

d) {estresults:

1) theéindividual values of the volume and/or surface resistivity for each test piece,

2)C-the median value of the volume and/or surface resistivity;

e) the date of the test.

© IS0 2019 - All rights reserved 9
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Annex A

(informative)

Electrode materials

Characteristics of suitable electrode materials are given in Table A.1.

Table A.1 — Characteristics of suitable electrode materials

Materilal

Feature

Precautions to be taken

Metal

Stainless steel is typically used to form the
electrodes.

Contact with the test piece is-enisured by
the pressure on the electrédes, but exce

y
5-

on material of relatively high volume re$

tivity, i.e. more than 106 Q-m.

. . sive pressure might changeé the measurg¢d

One commercially available electrode X

.. . resistance. Generally;the contact of metfal
system is in the form of an electrically )

. . . _|electrodes needs to.be'improved by the
sealed box with the three electrodes fixed in S : .
. application of a¢himnlayer of a material quch
position and a control system to change the . X
as conductive paint or grease.

contact pressure.
Alternatively, the electrodes can be in the
form of metal foil.

Conductive paint  |A thin film of conductive silver paint or a If thetest piece surface is contaminated|as a
suspension of colloidal graphite is applied to |r€sult of blooming or bleeding, it should|be
the test piece and allowed to dry. cleaned before applying the paint.

This has the advantage that sufficiently, The test should be carried out relatively]

intimate contact is made even on rough soon after application of the paint to avgid

surfaces. any peeling of the paint or blooming or
bleeding between the electrodes and the
test piece surface.

Conductive fjubber |The electrodes are formed'from conductive |These electrodes require appreciable pifes-
elastomeric sheet. sure to give intimate contact and, hence

are more suited to tests on rigid materigls.
Because the volume resistivity of a con-

ductive rubber is usually 1 Q-m to 101 Q}m,
elastomeric electrodes should only be ufed

10
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Annex B
(informative)

Suitable range of test conditions

General

It is
This
dissi
appr

B.2

B.2.
The

hecessary that the applied voltage be adjusted to a level appropriate to the test pigeg
is important in order to prevent abnormal heat generation resulting from amexce
pated in the test piece. It is also important that the current-measuring devige.have
bpriate to the current level to be measured.

Suitable range for testing

| General

bhaded area in Figure B.1 shows the range over which testing can be carried out usin

elect]

is li
100

B.2.]

B.2.2

Usin
to le
The
give

B.2.2

Whe
amm
100
maxi

appl{d voltage ranges from 1 V to 1 000 V. The range of'\velume resistivities which can b

b

rode of diameter 50 mm and a 2 mm thick test piece. The'volume resistivity p, is then

ited by the need to use a current-measuring deviee with a detection limit between
A and the need to keep the power dissipated in.the test piece to a maximum of 0,1 W.

D

Minimum and maximum volume resistivity which can be measured

.1 Minimum volume resistivity which can be measured

b the minimum applied voltage of 1 V and with the power W dissipated in the test pieg
bs than 0,1 W, the minimum wesistance which can be measured is 10 Q (R = V2/W =

inimum volume resistivitywhich can be measured using the electrode and test piece
n B.2.1 is therefore 10T @ m.

.2 Maximum volame resistivity which can be measured
h measuring-awrelatively high-resistance test piece, a commercially available galvg

) V, the thaXimum resistance which can be measured is 1 000 V/0,01 pA, i.e. 1017 Q. As
mum-velume resistivity which can be measured is 1017 Q-m.

e resistance.
ss of power
h sensitivity

g a guarded
0,98 R,. The
e measured
0,01 pA and

e restricted
12/0,1 = 10).
dimensions

nometer or

eter can readily measure a current of 0,01 pA. With the applied voltage set to the yaximum of

aresult, the
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0,01 0,1 1 10 100 1000 10000 K

N 4

Key
applied vYoltage V,in V
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Figure B.1 — Suitable range of test conditions
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e any calibration is undertaken, the condition of the items to be calibrated shall be.as
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all be ascertained that the apparatus is generally fit for the intended,purpose, in
meters specified as approximate and for which the apparatus does ‘not therefore
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verification frequency for-each parameter is given by a code-letter. The code-letters
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N initial verification only;

standardqnterval selected as given in ISO 18899.

k.

certained by
I calibration

cluding any
need to be
cks shall be

owever, the
retion of the

rs specified

e test method, together with the specified\requirement. A parameter and requirement can relate

for the test.

to another
| calibration

eference).

used in the

© ISO

2019 - All rights reserved

13


https://standardsiso.com/api/?name=c673b4a7344bb4133fc5c2ec59c9a8aa

ISO 14309:2019(E)

Table C.1 — Calibration frequency schedule

. Verification
Parameter Requirement Subclause in frequency Notes
ISO 18899:2013 .
guide
Voltage (1 Vto 1000V) 2% 14,2 S
Current (0,01 pA to 100 mA) Better than 5 % 14,1 S
Diameter D, of main electrode |Atleastten times the The electrode
i £ H NP | L R H 3 ~
testpreceHrekrressH dHension
Gap g betwepn main and ring | At least twice the test a?dhthe Wfl ith
electrodes piece thickness h of theuriace
] i 152 N gap g,Shalllbe
Width of ring electrode Greater than the test ) &ddsured to
piece thickness h the neares
Diameter D,|of opposed Greater than the outer 0,05 mm.
electrode diameter D5 of the ring
electrode

In addition fo the items listed in Table C.1, use of the following is implied, allof which shall be calibrated
in accordange with ISO 18899:

— atimer;
— athermjometer for monitoring the conditioning and test temperatures;
— ahygrometer for monitoring the conditioning and testhumidity;

— instruments for determining the dimensions of the test pieces and the electrodes.
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