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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to confory
L, as well as information about ISO’s adherence to.the WTO principles in the Techn
Trade (TBT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC:35, Paints and varnishes, Subcommittee S
t methods for paints and varnishes.

)d edition cancels and replaces the.fivst edition (ISO 16773-3:2009), which has b
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technically revised. The main changes are the following:

a) the infroductory element of the title,\Paints and varnishes, has been omitted, because the sd
is brogdened to include metals and.alloys and the main element of the title has been changec
Electrqchemical impedance spectroscopy (EIS) on coated and uncoated metallic specimens;

b) a referfence to ISO/TR 16208 for dummy cells with low impedance values (10 Q to 1 000 Q)
been added;

c) areference to ASTM G106 for the precision data of low impedance measurements has been add

d) atestgeport has been added.

ISO 16773 ¢onsists.of the following parts, under the general title Electrochemical impedance spectrosd

(EIS) on cogited.and uncoated metallic specimens:

— Part 1: Terms and definitions

— Part 2: Collection of data

— Part 3: Processing and analysis of data from dummy cells

— Part 4: Examples of spectra of polymer-coated and uncoated specimens
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Electrochemical impedance spectroscopy (EIS) on coated
and uncoated metallic specimens —

Part 3:
Processing and analysis of data from dummy cells
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Scope

5 part of 1ISO 16773 specifies a procedure for the evaluation of the experimental set-y
'ying out EIS on high-impedance coated samples. For this purpose, dummy cells are used

s guidelines for the use of dummy cells to increase confidence in the testprotocol, includ
lsurements, curve fitting and data presentation.

E Due to the nature of the measurements, investigations of high<impedance coated sampl
eptible to artefacts coming from electromagnetic interferences. Pherefore, this part of ISO 1677
hspects for measuring high-impedance samples by using appropriate dummy cells in a Faraday ca
t manufacturers offer complementary dummy cells in the I6w dnd medium impedance range.
king the setup in the respective low impedance range.

Description of the dummy cells

General

t of four equivalent circuits (dummyicells) is used to check the overall experimental ar
dummy cells are mounted separately. Two types of equivalent circuit, A and B, are usec
igure 1. The specific electrical components of these four cells are given in Table 1. Dumm
impedance values (10 Q to 1%000 Q) are described in ISO/TR 16208.

E In Clause 8, the results of an interlaboratory test are used to evaluate the precision of 4
ng the interlaboratory test, the participating laboratories also measured a fifth dummy cell con
valent circuit of typeZBwith unknown component values.

Componeits of the dummy cells

'inted-€ircuit board (see Figures 1 and 2). Such networks of resistors and capacitors
uits) dre often used in work on high-impedance coated specimens.

p used for
Lo simulate
1S0 16773
ng making

S are more
3 considers
re. However,
This allows

rangement.
, as shown
7 cells with

his method.
bisting of an

h dummy cell consists of a combination of resistors and capacitors which are soldered directly onto

[equivalent

NO

E

Betause of the very gt overatt Tesistarnce of CITCuits A and B, the resistor simutating the electrolyte

can be neglected. Typically, the values of resistances Ry and Ry are above 100 MQ whereas the electrolyte
resistance is around 100 € to 500 Q. As a consequence, the electrolyte resistance is not significant in this kind of
EIS application.

The values of the components of the four dummy cells are chosen in accordance with the following
considerations.

Dummy cell 1 should check the input resistance as well as the input capacitance of the measurement

equipment.

Dummy cells 2 to 4 should check the capability of the evaluation software and the

impedance

measurement equipment to distinguish between only slightly different resistor/capacitor

combinations.

© ISO 2016 - All rights reserved
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Figure 1 — Equivalent circuits of the dummy cells

Table 1 — Values of the components of the dummy cells

Dummy cell | Circuit g (12 g é rc;ll? glzs
1 A 50 — 0,15 —
2 B 10 0,15 0,47
3 B 0,2 0,1 20
4 B 0,1 0,1 10 10

2.3 Acct

The accurg
accuracy r

2.4 Circ

Usually, th
electroche
simplify th
four conne
contamina
acrylic plat

Iracy requirements for the components

cy required for resistors below 109 Q is +2 % and_for resistors above 109 ( it is +5 %.
bquired for the capacitors is +5 %. Such resistors@nd capacitors are available commercig

hit description

e measurement of high-impedance, ¢oatings requires only a two-electrode set-up,
mical workstations offer the possibility of connecting up three or four electrodes
e connection of the dummy cells to electrochemical workstations, each cell should h
ctors (as indicated in Figure 2}, the connectors being connected internally in pairs. To ay
Lion (e.g. by fingerprints) ofithe printed-circuit board, each dummy cell is protected
es mounted on top of and\underneath the cell.

The
ly.

but
To
ave
roid
by

Key

1,2 connector pairs

Figure 2 — Photograph of a dummy cell used in the interlaboratory test
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3 Procedure

Perform all measurements in a Faraday cage in order to minimize electromagnetic interference.

NOTE The four dummy cells allow the suitability of a shielding technique (i.e. a Faraday

cage) to be

determined, as well as helping to find the location in the laboratory where electromagnetic noise levels are lowest.

Perform the measurements in accordance with the manufacturer’s recommendatio
potentiostatic mode at a DC value of zero volts, using an amplitude of 20 mV (peak-to-zero).

ns in the

A frequency range between 104 Hz and 10-2 Hz is sufficient for measurements with dummy cells 2 to

4, Fﬂ—&mﬂmmﬁ%ﬂwm
40 min are required for a single measurement (for dummy cell 1, about 1 h).

r 30 min to

If the results of the measurements are not satisfactory when using an amplitude of 20/mV, ificrease the

amplitude.

4 |Data analysis

Using suitable software, e.g. that supplied by the manufacturer of the-electrochemical wj
anallyse the results obtained from the dummy cell with equivalent:circuit A (see Table 1).
restilt of curve fitting, the theoretical values of the circuit compenents and the excitatio
which was applied.

prkstation,
Record the
h potential

NOTE1 Unfortunately, the curve-fitting error given for the data analysed differs from manyfacturer to

marnufacturer, so direct comparison is not possible.
Prepare a Bode plot with the measured and simulatéd-data.

NOTE 2  Although the curve-fitting errors are notgomparable, the Bode plot gives an indication o
of the measured data, especially at low frequencies.

Repeat the analysis with the results froni-cells 2 to 4 using equivalent circuit B (see Table 1),

5 |Presentation of the results

Prepent the measured dataas-Bode plots for comparison purposes.

F the quality

Theg Bode plots in Figure/3 show how the dummy-cell measurements should look. Thes¢ diagrams
welile calculated usipg.simulation software and can be used to compare with results from dummy-cell
megsurements.
A A
Y, ?} Y,
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a) Cell 1
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b) Cell 2

d) Cell 4
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unknown cell

Acceptance criteria for the/measurement system

EIS system shall be capaple'of measuring and extracting the values of the resistors and
he dummy cells. Deviations of the fitted values of the electronic components from the
Table 1) should not\exceed the accuracy limits of the components used in the du
essive errors in theyvalues indicate experimental problems with the EIS system or
ration of the system.

E Guidanc€is given in ISO 16773-2.

Testreport

Ifa

Figure 3 — Bode plots of the simulated impedance spectra of the dummy cells and the

capacitors
Feal values
mmy cells.
inaccurate

estreport is rnr}nirnr‘] for the documentation of dnmmy-r‘p]] measurements it shall cont

in at least

the

a)
b)

)

d)

following information:

all details necessary to identify the dummy cell tested and its accuracy of electronic components;

a reference to this part of ISO 16773, i.e. 1SO 16773-3;

the temperature and relative humidity during the conditioning and test, if different from those

specified in ISO 16773-2: 2016, 6.7.2;
the test method used including excitation conditions and test duration, in particular:

1) frequency range, and

© ISO 2016 - All rights reserved
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2) amplitude;

e)

indicated in Clause 4;

f)
g)
h)

any de

viations from the procedure specified;

any unusual features (anomalies) observed during the test;

the date of the test.

the results obtained from fitting of the respective equivalent circuit to the measured data, as

8 Repe

For the def
was carrie

ASTM G106

Fourteen |
purpose of
the proced
fifth cell (c
as shown i

In cases w
was very 4
component

The reprog
It can be s
accuracy. (
laboratorig

atability and reproducibility

ermination of the precision data of high impedance measurements, an interlaboratory
d out, details see below. For the precision data of low impedance measurements, refe
D.

nboratories, mainly in Europe and the USA, participated in an integlaboratory test.
the interlaboratory test was to obtain an estimate of the repeatability,and reproducibilit

ircuit B) with unknown components. After measurement and curve fitting, the results w
n Tables 2 to 6.

here the measurements were acceptable (see Clause 6)it\was found that the repeatab
ood, the deviations between measurements being better than the accuracy of the cir
S.

ucibility of the measurements made with cells*I\to 5 can be estimated from Tables 2 to
een that not every laboratory was able to make measurements with cell 1 with suffic
ell 2 gave no problems for any of the laborateries. Cells 3 and 4 were more difficult for s
s, although the majority were able to measure the correct values.

test
' to

The
y of

ire. Each laboratory made measurements with the four dummy cells,(see Table 1) and with a

fere

lity
cuit

6.1
jent
hme

1) The amplitude in all tables is the peak-to-peak amplitude.

6

© ISO 2016 - All rights rese

rved


https://standardsiso.com/api/?name=290d2c8ccb70b64fbc22e61a054bfcc4

ISO 1677

Table 2 — Reproducibility of measurements with cell 1

3-3:2016(E)

Laboratory R C Amplitude ErrorinR Errorin C Total error
GQ pF mV % % %
1 28 195 50 44,0 30,0 74,0
2 44 180 50 12,0 20,0 32,0
3 50 155 20 0,0 3,3 3,3
A =) 150 20 0.0 0.0 0,0
5 52 170 20 4,0 133 O 173
6 52 155 20 4,0 33 Y | 73
7 52 155 20 4,0 337 7,3
8 52 160 20 4,0 67 10,7
9 54 155 20 8,0 KE 11,3
10 54 155 20 80 33 11,3
11 54 210 14 80 O 400 48,0
12 56 160 20 128 6,7 18,7
13 58 155 20 26,0 3,3 19,3
14 N.A.2 N.A.a 20 QNaa N.A.a N.A.a
Mean value 50,46 165,77 s\\\>\
Joviation |75 18,35 N
Median 52 155 K
a | N.A.=Notavailable. K\
xO
Table 3 — Repr@ucibility of measurements with cell 2
AN
R1 C1 R N | Co Ampli- | Error | Error | Total | Error | Errpr | Total
Laporatory @ : tude | inR; | inC7 | error | inR; | in(, | error
GQ nF_(])" GO nF mV % % % % % %
1 1,01 | p157| 104 | 046 | 14 1 0 1 4 2 6
2 0995 |[C0d6 | 10 | 048 | 20 | 05 7 7 0 2 2
3 1,0057)° 018 | 107 | 047 | 20 | 05 | 20 | 21 7 0 7
4 oY | 0155 | 106 | 0465 | 20 1 3 4 6 1 7
5 Ndoos | 015 | 107 | 046 | 20 | 05 | 0 0 7 2 9
6 5] 101 | 016 | 102 | 047 | 20 1 7 8 2 0 2
Y| 101 | 015 | 103 | 046 | 20 1 0 1 3 2 5
¢ 1 0451104 0465120 0 0 0 4 1 5
9 1,01 | 0155 | 104 | 047 | 20 1 3 4 4 0 4
10 1,01 | 015 | 105 | 046 | 20 1 0 1 5 2 7
11 1 02 | 102 | 044 | 20 0 33 | 33 2 6 8
12 1,005 | 016 | 103 | 047 | 20 | 05 7 7 3 0 3
13 1,09 | 018 | 102 | 04 | 50 9 20 | 29 2 15 | 17
14 087 | 018 | 91 | 045 | 50 | 13 | 20 | 33 9 4 13
Mean value 1,00 0,16 10,29 0,46
swandard | 004 | 002 | 040 | 002

© ISO 2016 - All rights reserved
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Table 4 — Reproducibility of measurements with cell 3

R1 C1 Ry Co Ampli- | Error | Error | Total | Error | Error | Total
Laboratory tude in Ry inC; |error | inR; inC, | error
GQ nF GQ nF mV % % % % % %
1 1,000 | 0,101 | 0,200 | 20,0 14 0 1 1 0 0 0
2 0,970 | 0,103 | 0,195 19,0 20 3 3 6 2,5 5 8
3 1,010 | 0,100 | 0,220 | 24,0 20 1 0 1 10 20 30
4 1,000 | 0,099 | 0,200 | 20,0 20 0 1 1 0 0 0
5 T,005T 0,107 0,200 20,0 20 05 T T 1Y) 1Y) v
6 0,990 | 0,100 | 0,200 19,0 20 1 0 1 0 5 5
7 1,000 | 0,100 | 0,200 | 21,0 20 0 0 0 0 5 5
8 1,000 | 0,101 | 0,200 | 20,0 20 0 1 1 0 0 d
9 0,980 | 0,100 | 0,400 | 30,0 20 2 0 2 100 50 150
10 1,000 | 0,101 | 0,200 | 20,0 20 0 1 1 0 0 d
11 1,000 | 0,170 | 0,200 | 20,0 20 0 70 70 0 d
12 1,000 | 0,102 | 0,195 21,0 20 0 2 2 2,5 5 §
13 6,000 | 0,120 | 1,200 0,5 50 500 20 520 500 98 598
14 4,000 | 0,110 | 1,000 | 31,0 50 300 10 310 400 55 445
Mean valule 1,57 0,11 0,34 20,39
Standard 1,51 0,02 0,33 6,90
deviation
Table 5 — Reproducibility of measurements with cell 4
R1 C1 R> Co Ampli- | Error | Error | Total | Error | Error | Total
Laboratorly tude in R inC; |error| inR; | in(Cy | eryor
GQ nF GQ nF mV % % % % % %
1 0,100 10 0,1 10 14 0 0 0 0 0 @
2 0,105 9,9 0,1 10,9 20 5 1 6 0 9 g
3 0,205 11,5 0 0 20 105 15 120 100 100 2(0
4 0,100 9,9 0,1 9,6 20 0 1 0 4 4
5 0,100 9,7 0,1 9,7 20 0 3 3 0 3 3
6 0,095 9,85 0,105 9,2 20 5 1,5 6,5 5 8 1B
7 0,100 9,7 0,1 9,7 20 0 3 3 0 3 3
8 0,100 10 0,1 9,5 20 0 0 0 0 5 g
9 05300 9,7 0,1 9,7 20 0 3 3 0 3 3
10 0,100 9,7 0,1 9,6 20 0 3 2 0 4 4
11 0,105 10 0,1 10,5 Al ) U ) U ) )
12 N.A.a | N.Aa N.A.a N.A.a 20 N.A.a N.A.a | N.Aa| N.Aa | N.Aa | N.Aa
13 0,180 10 0,19 3 50 80 0 80 90 70 160
14 0,130 9,9 0,17 4 50 30 1 31 70 60 130
Mean value | 0,12 9,99 0,11 8,11
standard 1 003 | 047 | 004 | 343
a N.A. = Not available.
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