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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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INTERNATIONAL STANDARD

ISO 17093:2015(E)

Corrosion of metals and alloys — Guidelines for corrosion
test by electrochemical noise measurements

1 Scope

This International Standard is intended to assist in corrosion testing by electrochemical noise

meaq
Nnoise

2 Normative references

The
indig
refer
ISO §

ISO ]

potemtiostatic and potentiodynamic polarization measurements

3
For t

3.1
elect
EN

fluct
elect

3.2

elect
fluct
elect

3.3
elect
fluct

3.4

Terms and definitions

UTEMEt. [tCOVETS tESt ProCedUTes ald adly SIS e tiods for Tetiable measurenmentof eteq
for both uncoated and organically coated metal.

following documents, in whole or in part, are normatively referenced\in this docunj
pensable for its application. For dated references, only the editign)cited applies. |
ences, the latest edition of the referenced document (including any“amendments) appl

044, Corrosion of metals and alloys — Basic terms and definitions

| 7475, Corrosion of metals and alloys — Electrochemicalctest methods — Guidelines fo

he purposes of this document, the terms andédefinitions given in ISO 8044 and the foll

rochemical noise

lation typically at low frequencies (<1 Hz) and low amplitude in current and potential g
rochemical reactions and other processes on the surface, for example, bubble evolutio

rochemical potentialnoise
lation in potential{typically in the range of pV to mV) of an electrode relative to
rode or fluctuation in potential between two similar electrodes

rochemical current noise
hation it current (typically in the range of nA to pA) of one electrode or between two ¢

trochemical

ent and are
For undated
es.

- conducting

bwing apply.

enerated by

l

a reference

lectrodes

electrochemical noise resistance

resistance obtained by dividing the standard deviation of potential noise by the standard deviation of
current noise from the time record

3.5

power spectral density of potential

PSDg

power present in the potential noise as a function of frequency

3.6

power spectral density of current

PSDy

power present in the current noise as a function of frequency
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electrochemical noise impedance

Zn

impedance determined as Z, =,/PSDg / PSD; where all terms are a function of frequency

Note 1 to entry: The noise impedance is real and positive.

3.8

working electrode
electronic conductor in contact with the electrolyte, made out of the investigated material

rode

Note 1 to entfy

in an electro

3.9
auxiliary el

TESTETeT

hemical cell designed for polarization tests”.

ectrode

electrode commonly used in applied polarization to balance the current passing to the working elect

Note 1 to ent

3.10

Nyquist fre
frequency d
information|

3.11

Fy: It is usually made from a non-corroding material.

quency
qual to one half of the sampling frequency (f;/2); maxihum frequency about y
can be obtained from the sampled data

thermal nojse

noise result

Note 1 to en
Johnson noi

3.12

shot noise
noise due to
peaks

3.13

dummy cel
non-electro
above norm

4 Princi

4.1 Thes

ng from thermal vibrations of electrons and charge carriers

try: Thermal noise is the absolute minimum,0f the noise that can be expected; also d
be.

the quantized nature of the charge carriers that move in very short times causing cu

hemical cell with awell-defined noise level that usually does not deliberately generate
b1 thermal noiseleyvels

ples

urce of EN in corrosion might result from partial faradaic currents, adsorption/desor

processes,s

irface coverage, and, in the case of localized corrosion, the initiation of pits, crevice corrd

rode

rhich

alled

rrent

hoise

btion
sion,

and mechanical effects from cracking and several other processes. Special care has to be taken as a variety
of other sources not related to corrosion might cause fluctuations in current and potential.

4.2 Electrochemical noise can be measured potentiostatically, galvanostatically, or at the free corrosion
potential (the various methods are described in Clause 5). Examples of two simple tests with EN
measurements on aluminium during pitting corrosion and on organically coated carbon steel can be
found in Annexes B and C.

4.3 Electrochemical noise data can be analysed in the time and/or frequency domains. Details of data

analysis are

described in Annex A.
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5 Apparatus and measurement methods

5.1

Instrumentation

5.1.1 Accurate measurement of potential and current requires instruments that have appropriate input
impedance (much higher than the system being measured in the case of potential and much lower in the
case of current) and sensitivity (sufficient to minimize quantization noise). Suggestions are given in the
following Clauses but these will not be sufficient for some systems.

5.1.2

Potential measuring instruments

The

coatg
impd
met3
orlo

5.1.3

The

burdlle

than
two
amm

5.1.4

Som¢
pote

comparable properties to the system undéerinvestigation (see Clause 8 or Reference [1]).

5.1.5

Som¢
shall

prop

5.1.4

Itis
therd
mini
avoi(

nstrument should have an input impedance of at least 109 ohm for bare metal and
d metal to minimize current drawn from the system during measurement- The
dance might be necessary for very high impedance systems (e.g. for EN measurements
Is). The sensitivity and accuracy of the instrument should be sufficient todetect a cha
ver for the typical range of 1 V.

Current measuring instruments

nstrument should be capable of measuring current to a resolution of 10-9 A or better w
n (the voltage between the terminals, also known as a yeltage drop or burden vol
1 mV (the low voltage burden is only required when the cdrrent measurement is me
rorroding working electrodes). A low voltage burdeniammeter is often termed a zer
eter (ZRA) in corrosion literature.

Potentiostat

P measurement configurations use a potentiostat to control the potential of an eld
htiostat shall have low noise characteristics, which should be tested by using a dumj

Galvanostat

e measurement configurations use a galvanostat to apply a current to an electrode. The
have low noise characteristics, which should be tested by using a dummy cell with
erties to the system tinder investigation (see Clause 8 or Reference [1]).

Grounding; shielding, and isolation

ery important to ensure correct grounding and shielding of the measurement system. |

should\be a single well-defined connection to ground in order to avoid ground 1
ize induced interference. Isolated or differential measuring devices will commonly bg
| short-circuit connections to ground and ground loops, especially in plant monitoring

1011 ohm for

igher input
with coated

nge of 10 pVv

ith a voltage
tage) of less
de between
b resistance

ctrode. The
my cell with

galvanostat
comparable

n particular,
bops and to
required to
conditions.
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5.2 Measurement configurations

Schematics of the most important EN measurement configurations can be seen in Figure 1.

@
1 | 6 9
3] (4] [5 3] [4] (5

a) Potentiostatic current noise b) Galvanostatic potential noise

3114 3] L3 31131 [4

c) Opentcircuit potential  d) Current noise at open-circuit e) Simultaneous current and
noise potential potential noise

potentioftat (see 5.1.4)
current measurement device (see 5.1.3, implieg'connection to PC or other device for recording or analysis)
workinglelectrode (WE)
reference electrode (RE)
auxiliary electrode (AE)
galvanostat (see 5.1.5)

N O U W

potential measurement deviee (see 5.1.2, implies connection to PC or other device for recording or analysis)

Figure 1 — Configurations for measurements

5.2.1 PottTntiostatic current noise measurement

The current to a potentiostatically controlled working electrode using an inert counter electrode is
measured. This is usually used to study individual current transients in localized corrosion, since the
controlled potential minimizes fluctuation of current on the passive surface, and permits the potential
to be held at a value at which the localized corrosion process occurs. The current can be measured in
the lead to the counter electrode, as shown in Figure 1a, or by using a current amplifier that is internal
to the potentiostat.

5.2.2 Galvanostatic potential noise measurement

The potential of one galvanostatically controlled working electrode relative to a low-noise reference
is measured. This is also used to study individual potential transients in localized corrosion. If an AC
current is used, this can also permit the simultaneous estimation of impedance.

4 © IS0 2015 - All rights reserved
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5.2.3 Open-circuit potential noise measurement

The potential of one working electrode relative to a low-noise reference electrode or the potential
difference between two identical working electrodes is measured in open-circuit conditions. The use of
two working electrodes typically reduces the DC component of the measured noise and permits higher
sensitivity to be obtained without using very high resolution analogue to digital convertors. It does,
however, lose information about the DC potential, which might be useful. This can be used for online
corrosion monitoring.

5.2.4 Current noise measurement at open-circuit potential

The ¢urrent noise between two identical working electrodes is monitored.

5.2.3 Simultaneous current and potential noise measurement

Two [identical working electrodes are connected by low voltage burden ammeter, which|records the
fluctpating current between two electrodes. The potential fluctuations of this coupled el¢ctrode pair
are recorded with a voltmeter. This is the most common method for measuring coated subgtrates.

5.3 | Signal processing and recording

5.3.1 Digital techniques are used in most EN measurements.because of limitations in fhe accuracy
for r¢cording time record and data analysis with analogue methods. Amplifiers are used to convert the
curr¢nt to a voltage and to condition the measured potential:"The current and/or potential qutputs from
amplifiers are filtered and converted to a digital form for;recording or analysis.

5.3.4 Filters are used to prevent aliasing that gecurs in the conversion of continuous analogue data
to digcrete signals. To avoid aliasing, it is necessary to remove frequencies above the Nyquist frequency,
which reappear as false indications at a low. ffequency. In most EN measurements, power line frequency
noise is a typical example of aliasing to a low frequency. Optionally, high-pass filters can be us¢d to remove
the direct current (DC) component of the-signal. These shall have a very low knee (or cut-off) frequency
(0,01 Hz or less) to avoid removing significant information, and it should be appreciated that this will
result in a long settling time whenthe cell is first connected.

5.3.3 Quantization errors‘or noise are present due to the finite resolution of analogye to digital
convprters and can be reduced by increasing the resolution of the converter.

5.3.4 Another unavoidable noise originates from fundamental physical processes of electrpnic devices.
Two |[forms of noise; shot noise and thermal noise, are present in electrochemical noise njeasurement
deviges. In addition, electronic devices produce 1/f noise at low frequency.

6 Testcell

The test cell should be prepared according to the general requirements given in ISO 17475.

7 Measurement procedure

7.1 Electrochemical noise measurements can be used in a wide range of applications, and the optimal
procedure will vary from case to case. However, the following indicate some factors that should be
considered.

7.2 In cases where the conventional, capillary type reference electrode is used, evaluate the electrode
in accordance with ISO 17475 and check the noise produced by the reference electrode by measuring the
potential noise between two reference electrodes. The noise level of reference electrodes should give a
PSD that is at least 10 times lower than the PSD of the system of interest at all frequencies.

© IS0 2015 - All rights reserved 5
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7.3 Measure the exposed surface area of the working electrode.

7.4 Assemble the cell with the working electrode(s), reference electrode, and counter electrode (if
used).

7.5 Add the test solution to the cell (after pre-conditioning, if necessary). Control the temperature
to £1 °C by immersing the test cell in a controlled-temperature water bath or by other convenient means.

7.6 Record the open-circuit specimen potential, i.e. the free corrosion potential. The period of
exposure at open circuit prior to noise measurement will depend on the purpose of the experiment. The
measurement can also be started immediately on exposure, but it should be appreciated that andlyses
requiring a gtationary system will not be valid initially.

7.7 Obtaif and record EN at a predetermined sampling frequency.

8 Evaluation of instrument noise

8.1 The EN measurement system should be evaluated for background noise and signal fidelity pising
dummy cellf, such as those shown in Figure 2 (also see Reference [1])., The values of resistancg and
capacitance|should be chosen to be similar to those of solution reSistance, polarization resistance,
and double|layer capacitance expected in the corrosion system to<be investigated. The objectiye of
measurements with a ‘passive’ dummy cell (i.e. one that does not deliberately generate noise gbove
normal thermal noise levels) is to check the instrument noise level with a low noise source, so thaf this
can be compared with measured noise. Calibration of the measurement precision of instruments requires
specialized instrumentation and is beyond the scope of this\International Standard.

AVAYA 1

(b)

6 © IS0 2015 - All rights reserved
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8,9,and 10

working electrode working orauxiliary electr

reference electrode capacitors

nd7 resistors

Figure 2 — Dummy cells for evaluation ef instrument noise

Duration of the instrument noise evaluation measurement should be at least twice the
5t frequency of interest, and the sampling frequency should be at least twice the highest
est, using at least two different sampling frequencies.

E measurement parameters (sensitivity-gain, offset correction, etc.), such as “autoran
lly to find the range selected by the instrument, then deselect “autorange” and use this
higher range (to allow for drift) for'the EN measurements (with some instruments, the
1g might cause artefacts in the EN signals when automatically switching ranges).

For the dummy cell illdstrated in Figure 2a, validation of the EN data can be done in t}
hin by calculating the PSD of the potential and current fluctuations for time records
ent sampling frequencies f: firstly to check whether an anti-aliasing filter was include
sition system before the analogue-to-digital converter, secondly to check the good oy
recorded with\different sampling frequencies, and thirdly to compare the experimentj
retical PSDipf'the thermal noise, respectively 6 kT R for the potential thermal noise an
urrent tHermal noise generated by the dummy cell with three resistors of resistance R. D
lation.of PSDs are described in Reference [1].

bde

beriod of the
frequency of

The range setting should be selected toamaximize the sensitivity. Avoid using the automatic setting

be” or use it
range or the
“autorange”

le frequency
sampled at
1 in the data
erlap of the
il PSD to the
d 2 kT/R for
etails on the

8.5

Ear dummyv cells that include r‘nharifanr‘n’ such-asthose shown in Figures 2h and 2

, the PSD of

thermal noise produced will be frequency dependent. Both potential and current noise baselines are a
function of source resistance, and the dummy cell used to evaluate baseline noise should have comparable
impedance to the real cell. Please note that itis difficult to achieve baseline noise levels that are comparable
to the thermal noise of a resistor, and higher levels are acceptable provided they are significantly lower

than

8.6

the noise to be measured in the system to be investigated.

Validation of the measured PSDs

The presence of anti-aliasing filters is revealed by a PSD decrease at high frequency, close to the
maximum frequency fmax = fs/2 (also known as Nyquist frequency). If the PSD is flat up to fiax, there
is no anti-aliasing filter in the data acquisition system and the PSD amplitude is overestimated since it
contains the power of the signal at frequencies higher than fiax.

© ISO
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Further disturbances at certain frequencies, coming from the measurement device or from external
sources, can also be identified in the power spectra by the appearance of peaks at the corresponding
frequencies.

8.7 Verification of the time domain noise data

The time domain data of the EN measurements should be plotted and checked for identification of
problems such as quantization, i.e. the appearance of rogue peaks.

9 Testreport

The test rep|
a) arefere
b) afullde
of many
product;
c)
d) areaof{
e) descrip
f) typean
g) time of
h) samplin
i) plots of
j)  method
8

ort should include the following information:
nce to this International Standard, i.e. [SO 17093:2015;

scription of the test material from which the specimens were taken, i.e. comippsition, mg
ifacture of the specimens and details of the surface preparation, heat.treatment, ty

U

the solution composition, pH, volume and temperature, and any variations\with time;

he working electrode(s) exposed to the test solution;

fion of cell and electrodes used;

/or manufacturer of the EN measurement device;
lmmersion prior to EN measurement;

g frequency and duration of EN measurement;

time record and/or PSD of current and for potential noise;

s of trend removal and windowing:

thod
pe of
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EN data are analysed in the time and frequency domains. In the former, the fluetu
instgntaneous potential or current is analysed as a function of time and in the latter,inter
at various frequencies after transforms. This Annex only describes standard methgds of d

The 1
man)

A2

A.2.

A sin

ISO 17093:2015(E)

Annex A
(informative)

Analysis of data

General

reader is referred to References [2], [3], and [4] and open literature for further inform|
 specialist methods that are being developed.

Data analysis in the time domain

| Transient analysis

iple way of data analysis in the time domain is to examine the time records for features c}

of p

A.2.]

The
devid

This
Prov|
expe
way
prev
polat

NOTH
A.2.]
The

ticular types of corrosion. Current and potential transients appear in localized corro

A

Noise resistance, R,

EN resistance is defined as the standard deviation of potential noise (Sg) divided by 4
ition of current noise (S7): Ry = Sg/S{

value can also be multiplied by the area of specimen exposed to solution to give units
ided a number of assumptieiis are valid, it can be shown theoretically and has bee
rimentally that R, is equivalent to the linear polarization resistance and it can be used
Lo estimate corrosion.rate. However, this analysis should be checked for any systems t
ously been studied: Noise resistance incorporates the solution resistance in the sam
ization resistanee:

This is thexhain parameter used to asses coated substrates.
8 Mean

mean ‘potential over long term might be directly related to the changes in corrosig

hition of the
ms of power
hta analysis.
ation on the

laracteristic
sion such as

r
pitt{}g, crevice corrosion, and stress corrosion crackingzA comprehensive analysis on the bilrth, growth,
and dleath of transient events is required for the identification of types of corrosion.

he standard

of Ohm mZ2.
h confirmed
in the same
hat have not
b way as the

n processes

ocCccu

ring. The mean current is expected to be zero when nominally identical electrodes

re used and

non-zero values of mean current can provide information on the dissimilarity of the electrodes.

A.2.4 Variance, standard deviation, and root mean square

The variance of a signal depends on the range of frequencies included in the signal. The variance of the
current will often be found to increase as the rate of corrosion process increases and as the corrosion
becomes more localized. The variance of the potential is often found to decrease as the rate of corrosion
process increases but to increase as the corrosion becomes more localized. The variance, standard
deviation, and root mean square are related, and the interpretation of standard deviation and root mean
square are essentially equivalent to that of the variance.
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A.2.5 Kurtosis and skew

Kurtosis is a measure of the shape of the distribution compared with the normal distribution. A positive
Kurtosis indicates a more spiky distribution, whereas a negative Kurtosis indicates a flatter distribution.

Skew or skewness is a measure of the symmetry of the distribution. A positive skew implies that there is
tail in the positive direction, whereas a negative skew implies that there is tail in the negative direction.

Kurtosis and skew can provide information about localized corrosion, but the values of the parameters
have a relatively large uncertainty and are not considered to be significantly different unless they show
quite large differences.

A.2.6 Coefficient of variation

bss of
ause
f the

The coeffici
the signal cd
in case the I
standard de

ent of variation (the standard deviation divided by the mean) is a measure of the'noeising
mpared with mean value. More detailed examination is required for this parameter bec
mean is close to zero, the coefficient of variation will be close to infinite; tégardless d
viation and will give false information about the localized corrosion.

A.3 Datalanalysis in the frequency domain

A.3.1 Inth
performed

is analysis, the power spectrum is usually estimated using transforms of time records, m
sing the Fourier transform or the Maximum Entropy Method (MEM).

ainly

A.3.2 The
The unit of H
A/VHz migh

power spectral density (PSD) is a measure of the power of the signal as a function of frequency.
SD is represented by power per Hertz, V2/Hz or A2/Hz (the square root of the PSD, V/vHz or
t equivalently be reported).

drift,
nhoval

A.3.3 In spectral estimation, the signal should bé_stationary and it is common to remove the
usually by stibtracting a linear regression line fro-the data. It should be appreciated that trend ren
can produce a low frequency plateau in MEM.spectra.

A.3.4 Win
windowing
in A.3.3.

A3.5 Inp
frequency a
by duration

dowing is often used in spectral estimation and done by multiplying the time series
unction to select the time record for analysis. Windowing shall be applied after trend ren

ower spectrum @stimation, the maximum frequency that can be analysed is the Ny
hd the frequercy resolution, and hence the lowest frequency that can be analysed, is lif
of the time-récord, that is, 1/(time record duration). The MEM algorithm produces a s

by a
noval

quist
nited
et of

coefficients e not

valid.

that allow'calculation of the PSD outside the valid frequency range, but the results ar

A.3.6 Thelresults of the MEM are strongly dependent on the order used in the analysis (in essence, the
number of coefficients used for the model that is fitted to the measured data) and misleading results can
be obtained if an inappropriate order is used. For this reason, spectra produced using the MEM algorithm
should always be validated against spectra produced using the Fourier transform.

A.3.7 Parameters such as the PSD at low frequency, the roll-off slope, and the transition frequency of
power spectra are sometimes used to obtain the information about the type of corrosion occurring, but
there is still no consensus regarding their validity.

A.3.8 Electrochemical noise impedance can be calculated as Z,, =,/PSDg / PSD; , where PSDg and PSDj

are the power spectral densities of potential and current, when using two working electrodes connected
through aZRA. When identical working electrodes and a true reference electrode are used, it is comparable

10 © IS0 2015 - All rights reserved
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to the modulus of the electrochemical impedance of each electrode measured by conventional methods.
No reliable estimation of phase angle is possible.

© IS0 2015 - All rights reserved 11
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Annex B
(informative)

xample of simultaneous current and potential noise
measurement on pitting corrosion of aluminium

B.1 Gene€

An example
performed
electrode E}
(see 5.2.5).
solution, pH
state (in 0,1
perform thi

B.2 Testing procedure and specimen preparation

B.2.1 Befd
assessed ac(

B.2.2 Prey
only after py

a) borate |
water;

b) 1M Na(
c) 4 M Nal

B.2.3 Prey
metal wire §
rinse with d

B.2.4 Filll

Luggin capillary!(see Figure B.1).

N measurement setup, in which current and potential noise are measured'simultane
The EN signals of aluminium coupons are recorded in the passive state‘(in borate b

5 test and examples of results are given.

[tting them together you will get the desired concentrations):

ral

of a rather simple test on EN measurements, adopted from a round-robin.'experi
n the 1990s in Reference [5] is shown in the current Annex. This test assimes a f{

= 6,4), during metastable pitting corrosion (in 0,1 M NaCl solution), anid in the repassiy
M NaNOs3 solution, inhibitor). In the following Clauses, detailed-instructions on hg

re the experiment, the EN measurement device and the reference electrode shoul
ording to Clause 8.

aration of the test solutions (please note the higher initial concentrations of the solut

ment
hree
busly
uffer
rated
w to

d be

ions;

buffer solution (pH = 6,4): 3,81 g-Na»B407 (-10 H20) and 30,92 g H3BO3 in 1 L deionpized

1 solution: 58,44 g NaCl in klideionized water;

(03 solution: 340 g NaNQgzin 1 L deionized water.

aration of the specimens (WEs 1 and 2): embed two aluminium coupons (99,8 % purity,
ittached to the spécimens) in epoxy resin, wet grind with emery paper (25 um grain
pionized water-and alcohol.

peakerwwith solution a (V = 0,405 L) and prepare the reference electrode setup with H

with
size),

hber-

12
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Fi

B.2.5
the s

B.2.6
frequ

B.2.7
B.2.§
B.2.9
B.2.]
B.2.]
B.2.]

B.2.]

B.3

gure B.1 — EN measurement setup (WE = working electrode(s), RE = rejg?énce e
HLC = Haber-Luggin capillary) /\
N

pecimens.

Immerse both specimens into solution according to Figure B. %*@nediately after pr
& O

ency of 1 Hz (or as close as possible to 1 Hz). 0\\

- %
Stop EN measurement after 10 min. \\'Q

N

Add solution b (V= 0,045 L). A\@

Start EN measurement 4 min after\gﬁgition of solution b.
‘\\C)
0 Stop EN measurement after 10-min.
1 Add solution c (V= 06@%
2 Start EN measu(é%nt 4 min after addition of solution c.

2

3 Stop EN 1@_ rement after 10 min.

e
Da@alysis and reporting

The

lectrode,

eparation of

Start EN measurement 1 h after immersion of the speQ ns: EN measurement with a sampling

liFge time records of the current and potential noise measured in the three solutior

1s should be

plot

ed (preferably arter removal oI the DU component of the signals) and the standard de

iation over

each of the three sections should be calculated. A frequency domain analysis (see A.2.) would complete
the evaluation, although in this specific case, no major additional information about the corrosion
process would be gained. The results should be reported according to Clause 9. The standard deviation
of section b (metastable pitting) should be above 10-3 V for the potential and 10-8 A for the current and
atleast an order of magnitude higher than the standard deviations of sections a and b (passive regions).

© ISO
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B.4 Typical results

Figure B.2 shows typical results of the described experiment. The corresponding test information can
be found in Table B.1.

a) Passive b) Metastable |c) Repassivated
. pitT.ling . 3x10° 1x10% WEs 1 & 2: Al, RE: Ag/AgCl, sampling rate: 2 Hz 1x10°
L (Borate buffer) {0.1|M Nacl) (0.4 M NaNO,) (Borate buffer) (0.1 M NaCl) (0.4 MNaNO,)
1x10° E - SD E.
e 3 1107 =L
— J 2x10° Z1x10° ]
Sy | — = :
0.
c
P ! = s 1x10° 6
— < = =
g 1x10° € E 1x10* d
S 10’ f o H 3
s 5 ° 1x10°[C
o o ° S
0 ) 5 g
2 | T 1x10°
-2x10 J2
c 1x10
Wis1az Al 8 s
RE: AgiAgCl [77) K
) ing rate: 2 Hz ; \
ey 0080 900 1200 1800 1aea"C txt0* a0
. b) Metastable .
. a) Passive " ¢) Repassivated
Time [s] ) pitting ) Rep
(@ (b)

Figure B.2 — Time records (a) of the potential and current.signals (without DC component
of the signals, achieved by high-pass filtering with a cut-off frequency of 0,01 Hz) measurgd
according to the procedure described in Annex B.2. and the corresponding standard deviatiions

(b)

Table B.1 — Example of a test report (according to Clause 9)

a) Measurements according to: ISO xxxXX

b) Test mate¢rial: Al (99,8 %/purity), rod material, wet grinded with emery paper (25|um
grainsize)

c) Test solutions: Ti=23°C (x1°Q),

a) Borate buffer solution (pH = 6,4)
b) 0,1 M NacCl solution
¢) 0,5 M NaNO3 solution

d) Area of the specimen(s) exposed |WE areaAd =9 x 10-5 m2
to the test splution:

e) Cell and glectredes: RE = saturated silver/silver chloride electrode (E = 0,199 V vs. standard
hydrogen electrode), cell arrangement: see Figure B.1

f) 'I‘ype and manhufacturer ofthe EN [Simultanegus measurement of current ('7ar'n resistant ammnfnr\ an
measurement device: potential (high impedance voltmeter) w1th athree electrode setup,
device manufacturer: IPS, Germany (software: EcmNoise)

g) Time of immersion priortoEN [t=1h
measurement:

h) Sampling frequency and dura- |fs=2Hz,t=3 x 10 min
tion of EN measurement:

i) Plots of time record and stand- |See Figure B.2
ard deviation of current and poten-
tial noise:

j) Method of trend removal: High-pass filtering with a cut-off frequency of f= 0,01 Hz
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Annex C
(informative)

Example of simultaneous current and potential measurement on

C1

Four]

prop
orga

C.2

C.2.1 Before the experiment, the EN measurement device shguld be tested according

parti
elect]

C.2.2 Test solution used here was 0,5 M NaCl solution

C.2.3
surfy

C.24

an equilibrium time is required for text.solution to penetrate the coating if the coating is d

degr

coatings, repetitive EN measurement is recommended until steady results are obtained.

organically coated carbon steel

General

hic coatings.[6][7]

Testing procedure and specimen preparation

rodes when coated with organic coatings.

ce using epoxy glue. Specimens were left for*24 h before the experiment for epoxy glue

PVC tubes were filled with test selution 24 h before the experiment. In the case of ¢

hded. The equilibrium time increases with coating thickness and barrier propertie

examples of EN noise data collected from organically coated steel with a range df protective
erties are shown in this Annex. ENM was used to rank the level of protectioh afforded by these

to Clause 8

cularly for its current sensitivity. This is because a much lowgrjlevel of current flows betwgen working

Specimens were prepared by affixing PVCAtibes (3,81 x 10-2 m internal diameter) on the coating

to fully dry.

pated metal,
ry and non-
5.[6] For dry

bd to the EN

C.2.§ The two working electrodes and a saturated calomel electrode (SCE) were connect
meagurement device in salt’bridge configuration as shown in Figure C.1.
PC
salt bridge
SCE
ZRA
Data
- ~coating— logger
WE1 WE2 |

Figure C.1 — EN measurement setup (WE1 and WE2 = working electrode(s), SCE = saturated

calomel electrode as the reference electrode)

C.2.6 EN data was collected with sampling frequency of 2 Hz for 512 s (1 024 data points).

© ISO
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