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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 17864 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. \Publication gs 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 gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 156, Corrosion ofimetals and alloys.
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Introduction

Stainless steel is susceptible to pitting corrosion, crevice corrosion, and stress-corrosion cracking, etc.,
although it is used as generally a corrosion-resistant material. Pitting phenomenon is generally of a random
nature, therefore its measurement requires at least a couple of values. Critical pitting temperature defines the
lowest potential-independent temperature, below which pitting does not occur.

The tasic methodology was first standardized in ASTM G150, Standard test method for €ldctrochemical
critical pitting temperature testing of stainless steels.
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INTERNATIONAL STANDARD ISO 17864:2005(E)

Corrosion of metals and alloys — Determination of the critical
pitting temperature under potientiostatic control

1 cope

This [International Standard describes the procedure for determining the critical pitting” tenpperature for
stainless steels (austenitic, ferritic/austenitic, ferritic stainless steel) under potentiostatic control.

The principal advantage of the test is the rapidity with which the critical pitting temperature can be measured
in a gingle test.

The ¢ritical pitting temperature, as determined in this International Standard, can be used as a felative index
of pefformance, for example, to compare the relative performance of different grades of stainlegs steel. The
test described in this International Standard is not intended to deterniine the temperature at whigh pitting will
occur in service.

2 Normative 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
docupent (including any amendments) applies.

ISO 8044:1999, Corrosion of metals and.alloys — Basic terms and definitions

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

31
critidal pitting temperature
CPT
lowest temperature on the surface of the specimen at which stable propagating pitting occurs under specified
test donditions

3.2
temperature ramp rate
rate at which the temperature of the surface of the specimen is increased during the test

NOTE The temperature ramp rate is expressed in degrees Celsius per second (°C 3‘1).

4 Principle
4.1 The test involves increasing the temperature of the surface of the specimen at a specified rate, whilst

exposing the specimen to a specified environment and maintaining the potential of the specimen at a specified
value. The temperature of the surface of the specimen is increased by heating the solution.

© 1SO 2005 - All rights reserved 1
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4.2 The critical pitting temperature is defined as the temperature of the specimen at which the current
density exceeds a specified value for 60 s. A 60 s delay is used in order to ensure that the observed current
increase originates from stable propagating pitting, and not short-lived current peaks originating from
metastable pitting.

4.3 The specimen holder is designed to ensure that crevice corrosion does not occur at the seal between
the specimen and the holder.

4.4 There may be a temperature gradient between the bulk of the solution and the surface of the specimen,
the magnitude of which will depend on the geometry and dimensions of the specimen. Guidelines for
calibrating the temperature of the surface of the specimen relative to the temperature of the solution are given
in Clause 7.

4.5 The tgmperature ramp rate, environment and applied potential may be varied, depending”op the
material. Gu(delines for selecting the test parameters for austenitic and duplex stainless steels are given in
Annex A.

4.6 The ciitical pitting temperature is specific to the method of testing and should\only be used|as a
comparative measure of performance.

5 Apparatus

5.1 Potentiostat

The potentiogtat shall be capable of controlling the electrode potential to within + 1 mV of a preset value.

5.2 Electjode potential-measuring instrument

The instrumént should have a high input impedance<of the order of 10! Q to 1074 Q, to minimize clrrent
drawn from [the system during measurement. The-sensitivity and accuracy of the instrument should be
sufficient to detect a change of 1,0 mV.

5.3 Current-measuring instruments

The current jn the circuit is evaluated-from the potential drop measured across a known resistor. In many
potentiostats| this measurement-is_made internally, but measurements can also be made externally by
locating a resistor in the currentine from the auxiliary electrode to the auxiliary connection on the potentipstat.
The instrumgnt shall be capable/of measuring a current to within 2 % of the actual value.

5.4 Tempeprature controller

The temperafure.controller shall be capable of increasing the temperature of the surface of the specimen| from
0 °C to 100 [C.at a controlled rate. This is achleved by heatlng or coollng the solutron Above 10 °g, the
average rate'oftemperature-change-of the-specimen-shat-be—controftec-to-within+36-%of-the—des cdvalue,
where the average is calculated over a temperature range of 10 °C. Gurdellnes for calculatlng the temperature
of the specimen relative to the temperature of the solution are given in Clause 7.

5.5 Temperature-measurement instrumentation

The temperature-measurement instrumentation shall be capable of measuring the temperature of the test
solution with an accuracy of £ 0,4 °C.
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5.6.1
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Specimen holder

Any part of the specimen holder coming into contact with the test solution shall be made of an inert
material.

5.6.2 The specimen holder shall be designed to ensure that crevice corrosion does not occur at the contact
area between the specimen holder and the specimen. A method of preventing such crevice attack, using a
flushed-port cell or a flushed specimen holder, is outlined in Annex B.

5.7

Test cell

5.71

temp
achie

5.7.2
liquid

5.7.3
abou

5.7.4

refe r«la

The test cell shall contain the test specimen, a Luggin capillary probe connected,/to
nce electrode for measuring the electrode potential, an auxiliary electrode, a port for-i
brature-measuring device and a facility for stirring the solution in a repeatable manner.
ved using a mechanical stirring device or simply by bubbling gas through the solutien.at a cq

A double-walled cell is commonly used to enable the solution to be cooled’ar-heated by r
from an external heating bath to the outer chamber of the cell.

The tip of the Luggin capillary probe shall be positioned so that it is‘at‘a distance from the
, but not closer than, twice the diameter of the tip.

Any part of the test cell or specimen holder that comes/into contact with the solu

consfructed from an inert material. Polycarbonate, glass and. polytetrafluoroethylene (PTFE)

mate

5.7.5

5.8

rials.

Auxiliary electrode

The auxiliary electrode is commonly prepared from high-purity platinum. Other materials may be U

they
supp

NOTE
speci

5.9

5.9.1
conn

5.9.2
elect
given

bre inert. The auxiliary electrode may-be ‘constructed in the form of sheet or rod, or in the for
brted on a glass frame. The area of the auxiliary electrode should be at least the area of the spe

Graphite may be used as’a‘auxiliary electrode but care must be taken to avoid contamination
s retained in the graphite may.be necessary prior to use.

Reference electrode

The reference) electrode shall be maintained at ambient temperature external to the
bcted to the testcell via a Luggin capillary probe.

Commonly used electrodes include the silver/silver chloride electrode and the satur
ode: The potentials of these electrodes at 25 °C relative to the standard hydrogen electrode
in-Annex C.

an external
hsertion of a
This can be
ntrolled rate.

beirculating a

specimen of

ion shall be
are suitable

The ratio of the volume of solution in the test cell{o the specimen area shall be at least 100 ml/cm?2.

sed provided
M of a gauze
cimen.

desorption of

test cell and

hted calomel
at 25 °C are

6 Specimens

6.1

6.2

6.3

©I1SO

Any specimen geometry compatible with the specimen holder may be used.
A minimum test area of 1 cm? shall be used.

The surface finish shall be reproducible.

2005 — All rights reserved


https://standardsiso.com/api/?name=5bbc8e1b53db0e201d0b3456fdf3b292

ISO 17864:2005(E)

7 Calibration of specimen temperature vs. solution temperature

7.1 There may be a temperature gradient between the bulk solution and the surface of the specimen. A test
shall be conducted to calibrate the temperature of the specimen relative to the temperature of the solution.
The calibration shall be performed using the procedure for the CPT test, given in Clause 8, except that no
control or measurement of the electrode potential of the specimen is required.

7.2 The specimen size and geometry, solution volume, stirring rate and temperature ramp rate shall be the
same for the calibration test as for the CPT test.

7.3 The specimen temperature shall be measured by installing a suitable temperature-measuring device
inside the spECIMen, as CloS€ as possible (< T mm) 1o the surface of the specimen in contact with the solution.
The temperafure-measuring device shall be located at the centre of the specimen.

7.4 Calibration of the specimen temperature relative to the solution temperature shall be,perform¢d by
taking measpjrements of the solution temperature and the corresponding specimen temperature, ag the
temperature |of the bulk solution is increased at the temperature ramp rate. Measurementstshall be taken at
intervals of npt more than 10 °C in the temperature range of interest.

7.5 The specimen-temperature calibration formula shall be calculated, based ot-a linear-order regression
analysis.

7.6 The agcuracy of the measurement of the temperature of the specimeéen based on the calibration| data
shall be + 1,0 °C.

8 Procedure

8.1 Preparation of reference electrodes
8.1.1 The fifference in potential between the reference electrode and two other, validation, electrodes| shall
be measurefl. These electrodes shall be traceable to the standard hydrogen electrode and used and
maintained golely for the purpose of validation! If the potential difference is greater than 3 mV, the test
electrode shall be rejected.

8.1.2 The |validation electrodes shall-be stored in optimum conditions and regularly compared. |f the
potential diffgrence between these yaries by more than 1 mV, replacement shall be undertaken.

8.2 Preparation of specimen

8.2.1 The ppecimen shall be prepared to ensure a reproducible surface finish.

The time elapsed between grinding and immersion can have an influence on the subsequent pitting behgviour.
The elapsed|time, selected will depend on the purpose of the test, but should be standardized for a partjcular
set of tests. Little variation in surface film thickness occurs after 24 h, and hence a minimum elapsed ‘:itlne of
1 day is often useful.

8.2.2 The specimen shall be cleaned immediately prior to immersion in the solution by degreasing, rinsing
in high-purity water (with a conductivity less than 1 uS-cm), followed by ethanol or a similar solvent, and air
drying. After degreasing, care shall be taken not to contaminate the test surface of the specimen.

8.3 Preparation of solution
8.3.1  The solution shall be prepared using reagent-grade chemicals and high-purity water.

8.3.2 Guidance on the selection of the solution for austenitic and other stainless steels is given in Annex A.

4 © I1SO 2005 — All rights reserved
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Setting up the test

The exposed surface area of the specimen shall be measured.

For materials with a CPT value <40 °C or with an unknown CPT value, the temperature ramp shall
start at (0 = 1) °C. In this case, the solution shall be cooled to < 3 °C prior to filling the test cell. This may be
achieved by placing a beaker of the solution in an ice bath. If a double-walled test cell is used, liquid cooled to
< 3 °C in a bath should be recirculated to the outer chamber of the test cell before adding the test solution.

For materials with a CPT value > 40 °C, the temperature ramp shall start at < 30 °C.

be filled with the solution. It is important to ensure that the salt bridge is filled with the test’s
f air bubbles, particularly in the restricted space at the tip. A wick, or equivalent devicg, may

The solution shall be stirred continuously throughout the test. This .can be achie
anical stirring device, or simply by bubbling an inert gas through the solution‘at'a controlled

The electrodes shall be connected to the potentiostat and data-recording device, and the
mperature measurement and control shall be made. The potential shall not be applied to t

until {he temperature of the solution has been stable to within + 1 °C of the desired initial test tem

minin

8.4.7
shall

8.4.8
incre
the

temp
dupls

8.4.9
rate 4

8.4.1
rema

8.5
8.5.1

8.5.2

num of 600 s.
The open-circuit potential of the test specimen shall -be recorded and the desired ang

than be applied to the specimen. Guidance on the selection of potential is given in Annex A.

bsed at a controlled rate. The rate of increase of‘the temperature of the solution that is reg
Hesired rate of temperature increase of-\the specimen can be calculated from th
brature-calibration formula. Guidance on.the selection of the temperature ramp rate for a
x stainless steels is given in Annex A.

The current and solution temperature shall be monitored throughout the test. The minim
hall be 10 readings per minute;

D The CPT is defined as the temperature at which the current density reaches 100 pA-cr
ns above this level forraminimum of 60 s.

Ending test
The test'shall be terminated when the CPT has been determined.

The,'specimen shall be removed from the solution and rinsed in water, cleaned with et

blt bridge to ensure electric contact, even when small gas bubbles are formed during the testi.

st cell shall
blution and is
be placed in

ved using a
ate.
connections

he specimen
perature for a

dic potential

When the potential has been applied for 60 s or longer, the temperature of the specimen shall be

uired to give
e specimen
ustenitic and

um sampling

2 and then

hanol, rinsed

with ll\igh-purity water, cleaned with ethanol or a similar solvent and dried in air.

8.5.3

speci

The specimen shall be inspected using an optical microscope at 20 x magnification to determine
whether pitting corrosion and crevice corrosion have occurred. Observation of any crevice corrosion on the

men means that the test is not valid, and the results shall be discarded.

9 Assessment of results

9.1

©I1SO

The CPT is defined as the surface temperature of the specimen at which the current density increases
above 100 pA-cm~2 and then remains above this level for a minimum of 60 s.
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9.2

9.3

The CPT shall be calculated from the temperature of the solution at which the current density increases
above 100 pA-cm2 and then remains above this level for a minimum of 60s, using the specimen
temperature-calibration formula.

For materials that exhibit a very high passive-current density, for example some nickel-based alloys, a
higher critical-current density may be chosen. This shall be noted in the test report. The CPT should not be
compared with values obtained using a different critical-current density.

10 Test report

The test repd

a)

b)

c)

d)
e)
f)
9)
h)

a full de
structurd

orientati

surface
testing;

test ared
type of t

test env

temperature ramp rate;

descript
critical p|

formula

rt shall include the following information:

scription of the test material from which the specimens were taken, including compesition and
| condition, type of product and section thickness;

bn, geometry and size of test specimens;

finish of specimens, including the storage time between carrying out the.final surface finish and

of specimen;
bst cell and volume of test solution;

ronment and electrode potential;

on of the specimen surface after testing; if nopits were observed, this shall be noted explicitly;
tting temperature (CPT), CPTs below10°C shall only be reported as < 10 °C;

for conversion of test-solution température to specimen temperature.
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Annex A
(informative)

Guidelines for selecting the test parameters

This annex explains the relationship between pitting potential and critical pitting temperatu
guidelines for selecting the test parameters for austenitic and other stainless steels.

A.1 [Pitting-potential range

re, and the

The measured pitting potential at a given temperature varies because of the randomnature pf the pitting
initiaion process. Therefore, the characteristic pitting potential is best described as{ayrange. Generally, the

pitting potential will decrease with increasing temperature. The occurrence of pittiig-on stainless
functjon of temperature and potential, is shown in Figure A.1.

A.2 |Potential-independent CPT

steels, as a

Beloyw a certain temperature, only passive or transpassive corrosion occurs on a stainless steel. This

tempgrature limit signifies the potential-independent CPT, see also/Figure A.1.

YA
g
d >
c X
\
- A >

Key
X temperature
Y potential
@  High potential. €  Transpassive corrosion.
b Low potential. f Pitting.
¢ Potential-dependent. 9 No pitting.
d  Potential-independent. h Pitting potential range.

Figure A.1 — Principle of the potential and temperature effects
on the pitting corrosion of stainless steels
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A.3 Poten

tial-dependent CPT

At temperatures above the potential-independent CPT, pitting may occur depending on the potential; see also
Figure A.1. Figure A.1 depicts the potential-dependent CPT range for a specific low potential. Principally, the
low temperature limit of the potential-dependent CPT is the potential-independent CPT.

A3.1

At potentials within the pitting-potential range, pitting will occur if the temperature is sufficiently high. In

this case, the critical pitting temperature will depend on the specific potential and on the variation in the pitting

potential.

A.3.2 At a potential above the pitting-potential range and below the transpassive potential, pitting will occur

virtually inst

A.3.3 At pqg

A.4 Gene

This Internat
by using a hi
to a potentia

A.5 Simple CPT determination

If uncertainti
CPT determ
independent
method, the

From Figure
potential slig
potential will

The followin
ferritic/auste
solution-ann
(high-Mo sta

ntaneousty:

ral information

gh potential of 944 mV versus standard hydrogen electrode (SHE). This-generally will corres

ps exist in the correct choice of potential to determiné’the potential-independent CPT, a s
nation at a potential 100 mV above will indicate whether the CPT determined is truly pof

nomogeneity of the test material and the level\of the transpassive potential range.
A.1, it can be concluded that the bestpréecision in the CPT determination will be achieve
htly below the onset of transpassive'corrosion is selected. In this case, some variation ¢

not affect the CPT measure.

g test parameters are suitable for determining the CPT of austenitic stainless s

i

nless steel).

tentials below the pitting-potential range, no pitting will occur.

onal Standard defines a fast potentiostatic method to determine the potential-independent

above the pitting-potential range.

Any conclusions based on such a test should take into account the expected repeatability

itic stainless steels and even ferritic stainless steels with a corrosion resistance ranging
aled X5CrNiMo17-12-2 (Type 316 stainless steel) to solution-annealed X1CrNiMoCuN 20,

Table’A.1 — Recommended test parameters for stainless steels

Selution 1,0 Mol/l NaCl

CPT
pond

mple
ential
pf the

d if a
f the

teels,
from
-18-7

Temperature ramp rate (1,7x102+5%x1073) °C s

Applied potential +944 mVgye
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Annex B
(informative)

Method of preventing a crevice attack

B.1 Flushed-port cell for plate specimen (see Figure B.1)

B.1.1 The flushed-port cell consists of a cylindrical double-walled chamber, as shown in.Fi
solution can be cooled or heated by recirculating a liquid from an external heating bath tothe’o
of the cell.

B.1. The auxiliary electrode, the Luggin capillary probe, the temperature-measurement de|
stirrirjg device are mounted inside the cell.

B.1.
incorporated in the base of the cell, with the specimen mounted outside the cell. Eliminatig
corrogion at the contact point between the specimen and the cell is achieved by continuously pun
volume of high-purity water into the contact region. This prevents build~up of chloride ions in the o
The flow rate of high-purity water, necessary to avoid the creyiceé corrosion, is typically in
1,1 x|106.s71t0 1,4 x 106 L.s~" for a 1 cm? port opening.

B.1.
barrig

The specimen is separated from the cell port by-ene or more filter-paper rings, creatin

B.1.5
depe
twice

The ingress of high-purity water into the\'seal dilutes the test solution. The extent o
nd on the volume of test solution used. Tocounteract the dilution, a solution with a concent
that of the test solution should be pumped’into the test cell at the same flow rate as the hig}

B.1.6
surfa
dens
Furth
the te

Pumping high-purity water inte_the crevice region should not dilute the test solution
Ce of the specimen, except at the extremities of the exposed area of the specimen. As the tg

ermore, the stirring caused-by gas purging, or by a mechanical stirrer, mixes the high-pur
st solution.

B.1.7
solut
purgi
the a

As the specimen”is partly outside the cell, there will be a difference in temperature
on and the spécimen. This can be reduced by ensuring good mixing of the test solutig
hg and mechanical stirring, by insulating the part of the specimen external to the cell and &
rea of the.specimen that is external to the cell.

fiure B.1. The

ter chamber

vice and the

The key feature of the cell is the seal between the specimen and-the cell. The specimen holder is

n of crevice
nping a small
revice region.
the range of

g a diffusion

r for the high-purity water. This ensures that the high-purity water flows around the entire crgvice region.

f dilution will
ration of ions
-purity water.

close to the
st solution is

er than the high-purity watet;;the high-purity water flows upwards, away from the specifnen surface.

ty water with

between the
n using gas
y minimising
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Key

purified water

double-wglled glass chamber
thermomdter

luggin caglillary

counter electrode

gas dispoger

filter papef
mounting gcrew
specimen
10 o-ring

© 00 NOoO g~ ON -

Figure B.1 — Design principles of the flushed-port cell

B.2 Flushed-electrode holder for plate specimen (see Figure B.2)

B.2.1 The uiUb‘llUdU'hUidCl bybtclll ib dcaigllcd tU plvVCllt bICVibC bUIIUbiUII by illbUl‘tilly flitcl | %=1 %S bcl een
the rubber gasket and the electrode surface, and is flushed with high-purity water coming through fine PTFE
tube by siphon from the outside storage flask.

B.2.2 The system preventing crevice corrosion consists of a main frame of the box-type holder made of
transparent acrylic resin, a gasket made of fluorine-containing rubber, filter paper, a fine PTFE tube for
introducing high-purity water, a stainless-steel thin plate for backup and the thin-plate specimen electrode.

B.2.3 A bundle of looped PTFE tube was immersed with the electrode holder in the test solution, so that the
temperature of high-purity water could be maintained as close as possible to the test solution temperature.

B.2.4 In Figure B.2, the shape and dimension of the holder and rubber gasket, and the assembling
procedure of the electrode system preventing crevice corrosion, are shown. At the centre of the filter paper, an
open circle of 11 mm diameter is cut by a punch. The centre of the front side of the holder and the rubber
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