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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

Various dimensions of pipes and tubes are used in industries such as nuclear power plants, thermal
power plants, desalination plants, oil refining facilities and chemical plants, etc. Materials evaluation
for these pipes, tubes and fittings makes all the difference to safety and life cycles in these industrial
facilities.

There are numerous standards that specify test methods and corrosion resistance for pitting and
crevice corrosion. Many of them address the corrosion rate or critical pitting temperature (CPT) or
critical crevice temperature (CCT) of plate type specimens, but they are not concerned with other

It is Important that the initiation temperature of crevice corrosion be measured in ¢ylindrical crevice
geonjpetries for high corrosion resistant alloys, including from traditional stainless steels (300 series) to
supef stainless steels (higher alloyed stainless steels).

This| document provides the test method that measures crevice corrosian resistanc¢ in crevice
geonjetries such as tube/tube sheet of heat exchangers and pipes/pipessupports, flange/couplings,
boltg/nuts, etc. in industrial facilities. It can be used as a guidelineCwhich offers the ¢riterion for
matgrials selection of such components.

Mosf{| crevice corrosion tests are performed conforming to some-standards, but these test jnethods use
a flat geometry of an artificial crevice which shows different’critical crevice temperature§ to those of
cylindrical crevice geometry. Therefore, results of these tests have created controversigs in related
industries. It has been found that the identical CCT between plate type and cylindrical typg specimens
could be achieved with an appropriate torque applied t&’the cylindrical specimen.

© IS0 2017 - All rights reserved v
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Corrosion of metals and alloys — Measurement of critical
crevice temperature for cylindrical crevice geometries in
ferric chloride solution
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Terms and definitions

elated alloys when exposed to oxidizing chloride solution. This document allowsthe

e same material by chemical initiation of crevice corrosion, but not by the eleefroche
0 18070. The test method in this document defines the apparatus and the proce
ure the temperature of crevice corrosion initiated in pipes and tubes using cylindrica
method has also been proved to apply to plate type specimens.

following documents, in whole or in part, are normativéely’referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document*(including any amendments) appl

044, Corrosion of metals and alloys — Basic termisxand definitions

he purposes of this document, the terims and definitions given in ISO 8044 and the foll
nd IEC maintain terminological databases for use in standardization at the following ¢

EC Electropedia: available-athttp://www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp

ral crevice temperature

mum temperature required to produce a crevice attack of at least 0,025 mm corroded
surface-ofa specimen beneath the crevice former (3.2), with the edge attack ignored

1 to entry: Measured in degrees Celsius.

document specifies a methodology for ranking the crevice corrosion resistance of stajinless steels

easurement

tical crevice temperatures of tube/rod type specimens equal to those of plate'type ohes made up

ical method
re used to
specimens.

ent and are
Ffor undated
es.

bwing apply.

ddresses:

lepth on the

3.2

crevice former
component of the crevice corrosion test tool assembly, which allows crevice corrosion to be induced in
a contacted test specimen by applying certain torques

4 General principles

4.1

Objective

This document describes laboratory tests for measuring CCT of stainless steels and high corrosion
resistant alloys with cylindrical (including circular arc) and flat plate geometries in oxidizing chloride
solutions. Cylindrical crevice geometries emulate crevices frequently coming from tube/tube sheet
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of heat exchangers and pipes/pipe supports, flange/couplings, bolts/nuts, etc. in industrial facilities.
There have been differences of CCT between plate type and cylindrical type specimens of same
materials which require measuring CCT of a part of real pipes and tubes in service or in fabrication.
This document aims to rank the crevice corrosion resistance of stainless steels and related alloys,
eliminating the geometric (tubular or rod or plate) and size (radius of curvature) effect, when exposed

to oxidizing

4.2

chloride solution.

Immersion test

4.2.1 General
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hcalized corrosion rate. This test method uses 6 mass % ferric chloride or 6 mass,% f
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5 Appar

5.1 Crevi

atus

ce former assembly

As shown in Figure 1, the frame of the crevice test assembly is made up of titanium that has a very
high corrosion resistance against pitting or crevice corrosion. Crevices shall be formed with fittings,
as shown in Figures 2 to 5, to prevent galvanic corrosion when a specimen makes contact with the
titanium frame.

Locate the left and right polytetrafluoroethylene (PTFE) block decks in advance, on which a cylindrical
specimen is spanned and held as shown in Figure 1. Make a position of lower crevice former between
them, which has a same curvature with a specimen.
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The curvature of lower crevice former for a part of circular arc geometry (e.g. of big size specimen)

should be convex upwards.

CCT of the plate type specimen shall be measured with a flat crevice former.

Mount a specimen on the lower crevice former, then add an upper crevice former on top of it. Install a
titanium washer on the upper crevice former; this evenly distributes the stress on the surface of the
specimen when a force is added with a titanium bolt contacted on top of the washer. Finally, wrench the

titanium bolt up to the determined amount of torque with a torque wrench.

The requirements for materials and dimensions of critical crevice temperature test assembly are as

folloys:

— Ilaterials of assembly: titanium grade 2 or equivalent;
imension of assembly: various dimensions fit for cylindrical products;

— Jrtificial crevice former: machined PTFE upper and lower blocks roundedjsurface with
¢ontacting to a specimen;

— Jupporting decks: right and left PTFE blocks with rounded surfacefor a specimen to
inside the assembly;

grooves for

be clamped

— (revice former; PTFE crevice former should meet the mechanical requirement which the tensile

gtrength is higher than 14,5 MPa.

— {itanium bolt (see ISO 4017; thread size M8) for applying torque to the specimens.

© IS0 2017 - All rights reserved
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Figure 1 — Ass@%ed crevice test apparatus for cylindrical specimen
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Dimensions in millimetres

2 70 mm =
5 50 mm "
screw thread
8o
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I - | " 20 mm
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L ] N
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NOTE: Crevice corrosion test frame dimensions, in millimetres:
Outside Inside
- - Thickness
Length Width Length Width
100 70 80 50 20

Figure 2 — Ti frame of assembled crevice test apparatus for a specimen of benchmiark scale
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a) Ti bolt|(with hexagon bolt head: ISO 4017) b) Ti washer

NOTE 1: Ti bjolt and dimensions of Ti bolt and Ti washer, in millimetres:

Componerts Width Thickness Length Pitch Screw diametgr
Ti bolt 13 (head) 5,3 (head) 70 1,25 8 (out diametey)
Ti washef 0,6xD 5 18 — —

NOTE 2 D diameter of cylindrical specimen(

Figure|3 — Ti Bolt and Ti Washer of assembled crevice test apparatus for a specimen of
benchmark scale

5.2 Test ¢ell

5.2.1 Genleral

Either wide|mouth-flasks or suitably sized test beakers may be used. Condensers shall be used far the
tests at elevptedtemperatures in which solution evaporation may occur.

5.2.2 Flask requirements

The volume of the wide mouth flask or beaker used shall be of 1 000 ml. Tall form flasks can be used.
The flask shall have a diameter of about 80 mm and a height of about 120 mm to allow the immersion of
the assembled test apparatus.

Dimensions designated in this document are meant for a cylindrical specimen with a surface area of
30 cm?2 maximum provided that the titanium frame of the test assembly has been passivated. Immersion
condition of at least 5 ml per cm2 of specimen surface area (4.1) is the minimum requirement, not
considering the surface area of the whole test assembly.

6 © IS0 2017 - All rights reserved
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The dimension of the container and the amount of solution for bigger specimens (> 30 cm?2) shall
be decided according to the surface area of the specimen and the dimension of the test assembly in

prop

ortion to the minimum 5 ml/cm? ratio.

5.2.3 Condenser

A variety of condensers may be used in conjunction with the flasks described in 5.2.2. These include the
cold finger-type or Allihn type condensers having straight tube ends or tapered ground joints. Straight
end condensers can be inserted through a bored rubber stopper. Likewise, a simple U tube condenser
can be used.
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hermostat bath shall have the capability of providing a constant temperature betwee

Crevice assembly

Supporting deck blocks and crevice formers

br supporting deck blocks are composed of two parts;Jeft deck and right deck. The mat]
is PTFE block.

limension is varied according to that of a loaded cylindrical specimen. The dimensio
‘e 4 are relative to the decks for a cylindrical’specimen and a plate specimen.

lashed circle in Figure 4 a) is expressed(@as flat face, but it shall be rounded according 4
loaded cylindrical specimen being ‘kept from contacting the specimens. The crevig
sting of solid PTFE segmented-crevice former blocks, each having a number of §
aus, shall be used.

frevice former design showirin Figure 5 is one of a number of variations for the varioy
indrical (including circtlar arc geometry) specimens.

limensions of supporting deck blocks and crevice formers for a bigger specimen (@ > 2
cided in proportien to its dimension rate compared to the benchmark dimension of 54

e hood and venting shall always be used due to the harmiul gas and possible build-up of gas

n0°C+1°C

erial of each

ns shown in

o the radius
e assembly,
rrooves and

s diameters

5 mm) shall
1.
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Dimensions in millimetres

12 o= < 30 > | 12 . 30 .
A | 1 A L
15 SJaTA y 15
Y 10 Y
v 10 5 ¥ v 5
17.5 5 20 51 4 17,5 _ 51, 20 [B]4
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P »
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¢) Cylindrical specimen mounted on the:deck blocks

30

A
v

35 35

A
Y

A

d) Front view of deck block for plate.specimen e) Side view of deck block for plate specimen

> 1
paaol * 2
i R ~
1 1 > 3
'“l'uwu]"'
35 —_—> 1

f) Left deck for a cylindrical specimen

Key
D tube diameter 3  testspecimen
1 Tiwasher 4  deck block

2 crevice former

Figure 4 — PTFE-supporting deck blocks: example for cylindrical specimen and plate specimen
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R

c) Upper part for a plate specimen

v

d) Lower part for a plate speci

L

Dimensions in millimetres

men

NOTE 1:
Dimgnsion of crevice former for cylindrieal specimen, in millimetres
Upper part Lower part
pPperp - werp - Thickness Number of slots, min.
[.ength Width Length Width
18 0,6 xD 18 0,6 xD 8,5 4
Dimgnsion of crevice formier for plate type specimen, in millimetres
Upper part Lower part . .
Thickness Number of slots, min.
Length Width Length Width
8,5 10 8,5 10 8,5 4

NOTH 2

The radius of crevice former, R, shall be modified as the diameter of cylindrical specime

,and D is the

diamptenof cylindrical specimen. In order to measure crevice corrosion of the plate, use the flat-plate.

NOTE 3

NOTE 4

the specimen; 0,6 x D is recommended.

NOTE 5

© IS0 2017 - All rights reserved

The width and depth of the slots shall be at least 1 mm, respectively.

Figure 5 — PTFE crevice former

When the torque is applied for the plate specimen, it should be prepared not to be twist.

The width of crevice former cylindrical specimen shall be modified depending on the diameter, D, of
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5.4.2 Reuse of crevice assemblies

After being subjected to the specified torque, the PTFE segmented crevice former of Figure 5 shall
not be reused. The artificial crevice former shall be replaced with new one in every test performed.
The supporting block decks can be reused provided they have not become deformed during testing.
Before reuse, each washer shall be inspected for evidence of distortion and other damages. If impaired,
they shall be discarded. In some cases, the supporting block decks may become stained with corrosion
products from the tested alloy. Generally, these specks can be removed by immersion in dilute HCI
(for example, a volume fraction of 5 % to 10 %) at room temperature, followed by brushing with mild
detergent and thorough rinsing with water.

5.4.3 Bolt and washer

Commerciallly pure titanium (grade 2 or equivalent) is required for each assembly. Each\assembly
comprises g threaded bolt and a clamp for supporting structures. The bolt length shall be siz¢d as
shown in Figure 3 and described in 5.1.

5.5 Requijired apparatus

The apparatjus required is as follows:

— atorque limiting nut driver (torque wrench), for assembly of the creVice test specimen;
— amicropcope (for example, 20 x magnification), for crevice corrosion detection;

— a 3D mifroscope or confocal microscope, for determining the'depth of crevice corrosion;
— an electfronic balance (optional), for accurately recording the mass loss;

— acamerfa, for making a photographic record of the'thode and extent of crevice corrosion.

6 Testsolutions
For the test,|two ferric chloride solutions.can be used.

a) Dissolve¢ 68,72 g (reagent grade)'of ferric chloride, FeClz-6 H20 in 600 ml of distilled water.| This
will produce a solution containing about a mass fraction of 6 % FeCls3.

b) Dissolve 68,72 g (reagent'gtade) of ferric chloride, FeCl3:-6 H20 in 600 ml of distilled water andl add
16 ml of reagent grade-cohcentrated 36,5 % to 38,0 % hydrochloric acid (HCI). This will prdduce
a solutipn containing-about 6 mass % FeCl3 and 1 volume % HCI resulting in a pH contrplled
environment over. the test temperatures.

The volumg of test Solution and reagents for a bigger specimen (@ > 25 mm) shall be decid¢d in
proportion o its dimension rate referring to the benchmark solution of Clause 6.

7 Test specimen

7.1 Specimen size

A specimen of 20 mm length is recommended as a standard size, although various diameter and
thickness of tubes or rods or plates can be tested by this method. Measure the dimensions of the
specimen, including diameter, thickness, etc., and calculate the total exposed area to establish the
initial surface area and volume.

10 © IS0 2017 - All rights reserved
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Surface finish

The surface finish shall reflect the intended application. Alternatively, for comparative purposes, a 120-
grit abrasive paper has been found to provide a satisfactory standard finish. Wet grinding is preferred,
but if dry grinding is used it shall be performed slowly to avoid overheating. The sharp edges of a
specimen shall be deburred by use of fine-grit grinding paper to avoid edge effect of corrosion. Any
pollutants or foreign substances shall be removed and cleaned not to affect the evaluation.

Clean the specimen surface after grinding it with the 120-grit abrasive paper, rinse well with water
followed by alcohol and acetone or similar solvent and dry in air. After cleaning the specimen should
be handled with care to avoid any grease marks. Weigh each specimen to the nearest 0,001 g or better
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Experimental procedure

er of titanium (grade 2) shall be used to fasten the crevice formers tojthe specimen, a
e 1. A torque shall be applied using a drive torque limiting nut-drivep (torque wrench).

torq:i:e shall be modified depending on the radius of curvature of:the specimen. The re

es for cylindrical specimens of 15 mm, 25 mm and 35 mmy,in“diameter (or equivalg
hture) are of 2,45 Nm, 2,14 Nm and 1,58 Nm respectively.

pplied torque, Nm = -0,00 12D2 + 0,019D + 2,446.3

bver, this method cannot be used for speciméns of less than 15 mm in diameter, whid
torques that it may lead to the deformation'of the PTFE crevice formers.

- '\
2 \
{8

y =-0,0012x2 +0,019x + 2,4463
R?=1

0.5

passivation

y the artificial crevice formers to the specimen. A PTFE crevice formetr.and decks, and a bolt and

s illustrated
The applied
commended
nt radius of

orque to apply (in Nm) can be calculated from Formula{1) and from the graph given in Figure 6.

e8]

h need such

Key

X  diameter, in millimetres

Y torque, in Newton metres

Figure 6 — Relationship between tube diameter and applied torque for CCT test

Pour an appropriate amount of solution in the test cell as described in Clause 6. Close the cell with a
glass cover and install the water condenser, set and maintain the test temperature of interest. Verify
the temperature before starting the test.
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