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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement..

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as informatiomabotit ISO’s ddherenceta the WTOprinciplesiin the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary Information

The committee responsible for this document is ISO/TC 156, Corrosion of metals and alloys.
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Introduction

Selective corrosion occurs when some alloys such as brass, bronze, and cast iron come in contact with
stagnant solutions for a long time. Materials suffering from selective corrosion may show various
symptoms of deterioration such as localized porous areas (crumbly and fragile), discoloration, change
in colour, and so on.

This kind of corrosion occurs when one of the alloying elements in alloys is dissolved from the matrix
because of potential differences with other alloying elements. Most common types of selective corrosion
are dezincification in brass and graphitization in grey cast iron. Selective corrosion is a very slow and
inconspicuous process. Once it occurs, it may have an adverse effect on the integrity of components and
structures in the industry. Therefore, it is needed to distinguish the symptoms of selective corrosion
and roughly evaluate the soundness of components and structures in the field that are susceptible to
selective corrosion before they are subjected to engineering evaluations.

This International Standard specifies the visual inspection and the hardness test for parts made of grey
cast iron and uninhibited brass containing greater than 15 % zinc, etc. in systems and components that
are sensitive to selective corrosion. Susceptible materials, high temperatures, stagnant flow conditions,
and a corrosive environment, such as acidic solutions for brasses with high zinc content and dissolved
oxygen, are the causes of selective corrosion. Components include piping, valve bodies and bonnets, pump
casings, and heat exchanger components that are susceptible to selective corrosion. These components
can be exposed to raw water, treated water, closed cooling water, ground water, water contaminated
fuel oil, or water contaminated lube oil.

The criterion is suggested in thisynternational'Standard, whether the materials suffering from selective
corrosion can be continuously used or should be subjected to engineering evaluation for further and
exact examination. The determination/of symptoms of’selective corrosion and degree of deterioration
can be made with the procedures as follows:

— selection of components sensitive to selective corrosion and components for the test (sampling);
— visual inspection for selective corrosion of alloys;
— hardness test for selective corrosion of alloys.

This International Standard provides examples of data sheets for descriptions and information of
materials damaged by selective corrosion in the visual inspection. Provided reference photos of case
histories can be used in comparing with the real damages of materials on sites. Examples of a description
sheet and an evaluation sheet are also provided for the hardness test of selective corrosion.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD ISO 17918:2015(E)

Corrosion of metals and alloys — Evaluation of selective
corrosion of Cu alloys and grey cast iron for power
plant components by visual inspection and hardness
measurement

1 Scope

ThisInternational Standard specifies procedures of on-site detectionand evaluationin orderto determine
the effects of material deterioration such as material loss from the components and structures that are
sensitive to selective corrosion in industrial facilities, including nuclear power plants.

The methodology involves visual inspection and hardness measurements in situ complemented
by sample removal. These procedures include (a) representative sampling of components sensitive
to selective corrosion, (b) the visual inspection, and (c) the hardness test, respectively. For an exact
analysis, additional laboratory testing is recommended.

The methodology is most applicable to grey cast iron and copper alloy with more than 15 % zinc.
Extension to other alloys requires supportive evidence of validation.

Assessment criteria orientatéd,to the'nuclear'power/plantapplication during the past five years before
the end of extended operation define the necessity for further engineering evaluation and action like, for
example, further sampling, higherfrequency of.inspection; and component repair or exchange.

This specification is not applicable for components,used where the representative sampling of surfaces
in contact to the fluid is not detectable optically or detected with, the portable hardness tester. Also,
in case of non-representative component selection, like in . HVAC or building service application, this
specification is not applicable. For components not used in nuclear power plant, the assessment criteria
have to be agreed by the parties. Assessment criteria of hardness test alone is not applicable to the
evaluation of structural integrity of Al-bronze, NAB, and Cu-Ni.

2 Terms and definitions

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

2.1

selective corrosion

corrosion of an alloy whereby the components react in proportions that differ from their proportions in
the alloy

Note 1 to entry: Itis a phenomenon in which one of the alloying elements is electrochemically active and sensitive
to corrosion resulting in being selectively removed and the concentrations in other elements being relatively
increased in alloys such as bronze, brass, and grey cast iron etc.

EXAMPLE Dezincification, graphitization
[SOURCE: ISO 8044:1999, 3.20]

2.11
dezincification
selective corrosion of brass resulting in preferential removal of zinc

Note 1 to entry: It is a phenomenon where the more electrochemically active zinc is preferentially dissolved from

copper-zinc alloys with mass fraction of zinc greater than 15 % resulting in a porous copper layer with diminished
mechanical properties.

© IS0 2015 - All rights reserved 1
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[SOURCE: ISO 8044:1999, 3.21]

2.1.2

graphitization

selective corrosion of grey cast iron, resulting in partial removal of metallic constituents, leaving
graphite

Note 1 to entry: It is a corrosion process in which iron is selectively dissolved from grey cast iron resulting in
remaining vulnerable porous graphite.

[SOURCE: ISO 8044:1999, 3.22]

2.2

visual inspection

one of the non-destructive tests within condition monitoring in which the inspector observes directly
the materials, productions, or structures with his own eyes to determine whether surface defects exist
on the test bodies

2.3
hardness test
indentation test carried out using a hardness testing machine to measure the hardness of a material

Note 1 to entry: Hardness is local resistance of surface by pressing an indenter with specific load to designate
solidness and softness of materials. There is the Brinell hardness which can be used as measuring method with
the indenter. An informative calculation to other hardness types (Rockwell hardness, Vickers hardness, etc.) can
be helpful.

3 Principle

The result of deterioration from the selective corrosion is the loss of materials followed by a loss of
mechanical properties creating a failure.

The loss of materials, which may be the reason’for failure, can be determined by the visual inspection
and the hardness measurement. The visual inspection identifies corrosion, discoloration, change in
colour and local porosity, and the hardness test reveals the change in mechanical properties from the
corrosion process at the surface of the test material.

4 Procedures

4.1 Selection of components sensitive to selective corrosion and components for the
test

Selection of candidate systems and components for the test and test samples are entirely site-specific
considering operating characteristics, sensitivity of materials to degradation, and accessibility. It is
recommended that components which are only present in small number in the installation are subjected
to 100 % sampling, but that components in large number (e.g. small valves and flanges) are subject to
random sampling. In this case, sampling ratio is recommended to be over 10 % of whole components.

NOTE “Large number” means the quantity that the inspectors cannot afford to handle in a limited inspection

period such as an overhaul period or an in-service inspection period and vice versa for “small number”. Decision
shall be made on responsibility of site engineers.

4.1.1 Components sensitive to selective corrosion of alloys

Components sensitive to selective corrosion are mainly made of copper alloys, aluminium-copper alloys,
copper-nickel alloys, and grey cast irons, for example:

a) Heat exchangers in component cooling water systems, valves in component cooling seawater
systems, pumps and valvesin fire protection systems, and components in similar conditions thereof;
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b) Buried pipes and fittings of grey cast iron;

c) Exemption for the test may be permitted for the components periodically subjected to non-
destructive tests.

4.1.2 Selection of components subjected to the test for selective corrosion

4.1.2.1 In principle, components should be subjected to the 100 % sampling inspection for selective
corrosion even though the components made of same materials are under the same environment and
the same operating condition. The visual inspection and the hardness test should be performed for the
surfaces of object components that have been in contact to corrosive media.

4.1.2.2 Whenitisimpossible toperform 100 % samplingbecause there are numerous object components
sensitive to selective corrosion, random sampling can be permitted for the object components. The
selected sample components should be subjected to the visual inspection and the hardness test.

4.1.2.3 In case of selecting test samples from the whole object components, components that are
representative among the classified material types such as brass and grey cast iron among others should
be selected in advance.

4.1.2.4 In case of various components of same materials in the same system, the component should be
selected first of all as a test sample which is exposed to the corrosive medium of lower flow rate, or shows
severer damages, or is, operated in hasher conditions such as higher pressure and higher temperature
etc.(example of priority: dlder .compaonent than newern ole, in ‘seawater or in pure water, in stagnant
medium than in flowing one, in higher pressure than in lower pressure, in higher temperature or in lower
temperature).

4.1.2.5 Among the more than necessary-samples-selected upon above principles, test samples can be
finally screened to componéntsthat'areaccessibleé'in the field'and-are easily'disassembled and assembled.

4.2 Visual inspection and hardness test for selective corrosion on alloys

4.2.1 After the visual inspection is fulfilled, the hardness test shall be performed for the test samples
selected.

4.2.2 The visual inspection and hardness test shall be focused on the inside of the components such as
a valve body and a pump casing that are in contact with the corrosive media.

4.3 Procedure of visual inspection for selective corrosion of alloys

4.3.1 Visual inspection for corrosion and porosity on the inside surface of the components shall be
performed conforming to national regulations.

4.3.2 Ifsymptoms of selective corrosion are found, it is recommended to compare the deteriorated area
with photos in Annex E to determine whether the deterioration is similar to some of the case histories.
The close-up photos of surface morphology on damaged area should be taken with a digital camera (over
600 dpi).

4.3.3 Results of visual inspection shall be documented on the basis of a sample form of Annex A.
Furthermore, photos of damaged area shall be attached to the sample form of Annex B in which it is
recommended to record the details of comparison with Annex E.

© IS0 2015 - All rights reserved 3
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4.4 Procedure of hardness test for selective corrosion on alloys

4.4.1 Portable hardness testers shall be used and the results are indicated with the scale of Brinell
hardness in principle.

4.4.2 Apparatus

4.4.2.1 Portable testers are designed in such a way that dead weights are not used in applying or
limiting the indenting force so that they can be portable and so that the indenting forces can be applied in
any direction.

4.4.2.2 The indenting force may be applied by means of a hydraulic cylinder with a pressure gauge to
indicate the magnitude of the force. The hydraulic cylinder can also be equipped with a spring-forced
relief valve to fix the magnitude of the force. Alternatively, the indenting force can be applied by means of
a screw through a calibrated spring with a dial gauge or other means of measuring the deflection of the
spring to indicate the magnitude of the force.

4.4.2.3 Portable hardness testers are generally provided with various means of holding the indenter in
contact with the surface to be tested. The testers can be clamped to the object to be tested, attached to an
adjacent fixed object, or attached to the surface to be tested by a magnet. For testing inside a cavity, the
tester can be placed against one wall of the cavity to make a test on the opposite wall.

4.4.3 Whatever means is used to hold the/tester to'the’piece being tested; make sure that there is no
relative motion between the tester and the piece when the force is applied. This is particularly true for the
portable Rockwell-type tester. Mount thetéster)in suchraposition that the axis of the indenter is normal
to the surface to be tested.

4.4.4 Portable Brinell typetestisprincipally applied for;evaluating/selective corrosion than any other
hardness type test. Portable Brinell testersgenerally iapplythe force by means of a hydraulic cylinder
equipped with both a pressure gage and a spring forced relief valve. With this arrangement, it is not
possible to maintain the force at the point where the relief valve opens for any appreciable time. Therefore,
bring up the force several times to the point where the pressure is released. It has been determined that
for steel, when testing with an HBW 10/3 000, three times of force applications are equivalent to holding
the force for 15 s, as required in the standard method. For other materials and forces, make comparing
tests to determine the number of force applications required to give results equivalent to that of the
standard method. Bring the force up gradually each time without jerking.

NOTE1 The apparent hardness will depend on the applied force and the depth of surface porosity. A small load
will be more sensitive to the early stages of degradation, whereas a large force with significant depth of indent
will be less sensitive. However, small load creates a shallow indent leading to the dispersion of data due to local
spatial variation of microstructure. In all testing, the applied force should be consistent and selected according to
the degree of sensitivity required.

NOTE 2  Itis recommended to use high test loads for less homogenous materials. For example, HBW x |3 000
should be used for cast iron, whereas HBW x |10 or HBW x |5 for brass (x = ball diameter).

4.4.5 Portable hardness testers shall be used only with applied forces at which the force measuring
device has been calibrated.

4.4.6 Portable hardness testers shall also be checked for errors periodically by the comparison method
or by test blocks as described in the manufacturer’s manual.

4.4.7 Whole area or local area of test sample components shall have a ground finish with SiC paper
(#600) in order to reduce the measurement errors caused by surface roughness before measuring.
Oxides and contaminants including oil, especially lubricant, shall be removed with organic solvent such
as methyl alcohol, acetone, etc. Finishing touches on the surface of test samples may be permitted for the
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indenter to be mounted properly on the tested surface. After cleaning other contaminants with distilled
water and drying the surface, the testers shall be contacted and calibrated on it.

4.4.8 In case that the surface roughness is too high, the results of hardness have the tendency to show
lower than the real values and the deviations can be varied with every each trial.

4.4.9 Measurement shall be performed in temperatures between 10 °C to 35 °C.
4.4.10 Materials composing the objects to be tested shall be identified.
4.4.11 Hardness scale and measuring orientation of objects to be tested shall be determined.

4.4.12 The tester shall be mounted in such a position that the axis of the indenter is normal to the surface
to be tested.

4.4.13 At least five uniformly distributed measurements on the damaged area shall be made and the
mean value of them shall be determined.

4.4.14 Measured data on the LCD panel of the portable hardness testers shall be ready for each damaged
area on the sample components.

4.4.15 Evaluation results and data-of measured. hardness-shall be recorded respectively in the form of
Annex C and Annex D.

4.4.16 The measured Brinell hardness data can be converted into other scales of hardness according to
ISO 18265 and they shall also be recorded.

HV: Vickers Hardness/(IS0'6507), HR: Rockwell Hardness (IS0 6508)
4.4.17 Precision and bias

4.4.17.1 Precision

Theprecision ofthistestmethod hasnotbeen established because ofthe wide variety of portable hardness
testers and metals for which it is used. When required, hardness tolerances for specific applications can
be empirically established for a given portable hardness test using standardized reference hardness
blocks. The precision of a given portable hardness test, whether involving a single operator, multiple
operators, or multiple sites, can be established by employing statistical methods.

4.4.17.2 Bias

The bias of a portable hardness testing machine depends on the bias of the test force, indenter, and the
device used to measure the indentation. Although standardized reference hardness blocks are available
from hardness tester manufacturers, it is impractical to establish the bias of this test method because of
the wide variety of portable hardness testers available, the many types of metallic materials tested by
this method, and the variations possible within a test specimen. The bias of a given portable hardness
tester can be established empirically using such standardized reference hardness blocks by employing
statistical methods.

5 Responsibility
5.1 Visual inspectors should have the necessary competence.
5.2 Hardness tests should be performed by competent persons.
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