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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 of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 7, Methods of
testing (other than mechanical tests and chemical analysis).

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Preparation of metallographic specimens

1 Scope

This document presents a list of common practices in preparation methods of metallographic
specimens for optical and scanning electron microscopy, including preliminary preparation, grinding
and polishing of specimens as well as microstructure revelation methods covering the optical method,
etching methods (chemical, electrolytic, constant potential, ion sputtering and high temperature
relieving) and the interface layer method [11[2],

2 Normative references

There are no normative references in this document.

3 Terms and definitions
No terms and definitions are listed in this document.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Preliminary preparation
4.1 Selection of metallographic specimens

4.1.1 General

Because the metallographic examination serves a specified purpose that differs from case to case,
there is no one single way to select and prepare specimens. However, it is the accepted state of the art
to select specimens that are representative of the material that is being studied. The location, type of
section and number of the specimens to be studied are usually dictated by the manufacture method of
metals, examination intent or purpose, related standards or agreement upon enquiry.

4.1.2 General studies or routine work

Specimens are generally chosen from locations most likely to reveal the maximum variations within
the material under study [3l. For example, specimens could be taken from a casting in the zones
wherein maximum segregation might be expected to occur as well as specimens from sections where
segregation could be at a minimum [4]; in the examination of strip or wire, test specimens are often
taken from each end of the coils [2]; heat or surface treated specimens are often taken so as to include
all the heat or surface treated layers [¢]; welding specimens often incorporate the welding seam, heat
affected zone and base metal [Z].

4.1.3 Study of failures

In nearly all situations, test specimens are taken as closely as possible to the fracture or to the initiation
of the failure. Before taking the metallographic specimens, study of the fracture surface is completed,
or at the very least, the fracture surface is documented [8]. In many cases, specimens are taken from a
sound area for a comparison of structures and properties.
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4.2 Selection of type of section to be examined

4.2.1 Having established the location of the metallographic samples, the type of section to be
examined is decided. The locations of surfaces examined are always given in reporting results and in
any illustrative micrographs. A suitable method of indicating surface locations is shown in Figure 1.

Key

A rolled surface

B  direction of rolling

C rolled edge

D planar section

E longitudinal section perpendicular to rolled surface
F  transverse section

G radial longitudinal section

H tangential longitudinal section

Figure 1 — Method of designating location of area shown in photomicrograph [2]

4.2.2 Transverse sections or cross sections (Surface F) taken perpendicular to the main axis of the
material are often used to reveal the following information:

a) Variations in microstructure from surface to center;

b) Distribution of nonmetallic impurities across the section [10]1[11](12];
c) Distribution of carbide net;

d) Depth of surface imperfections;

e) Depth of coatings;

f) Depth of decarburization [13](14];

g) Depth of corrosion;

h) Surface chemical heat treatment and microstructure and thickness of coating.
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4.2.3 Longitudinal sections (Surface D, E, G and H) taken parallel to the main axis of the material are
often used for revealing the following information:

a) Inclusion content of steel [101[11](12];
b) Degree of plastic deformation, as shown by grain distortion;
¢) Banding in the structure [13];

d) The microstructure attained with any treatment.

4.2.4 In hot-worked or cold-worked metals, transverse and/or longitudinal sections are studied.
Special investigations require specimens with surfaces prepared parallel to the original surface of the
product. In the case of wire and small rounds, a longitudinal section through the centre of the specimen
proves advantageous when studied in conjunction with the transverse section.

4.3 Size of metallographic specimens

Specimens to be polished for metallographic examination are generally not more than 400 mm? in area
for the section to be prepared(1tl, The height perpendicular to the section to be prepared is generally
no greater than the transverse size of the specimen and is often dictated by the sample preparation
equipment available.

4.4 Cutting of metallographic specimens

There is no single ideal technique to section specimens. Possible techniques include wheel cutting, linear
cutting, mechanical machining (turning, milling, planing, grinding), sawing, shearing, flame cutting,
hammering for the hard and brittle metal, etc. It is the accepted state of the art to select a technique that
minimizes alterations to the structure of the metal, such as deformation and overheating of specimens.
Aside from the choice of technique, strategies to reduce sample damage include adapting the machine
parameters, using coolant or lubricant, and removal of this damage by subsequent preparation steps
(such as by grinding wheel).

4.5 Marking of metallographic specimens

Marking of metallographic specimens is made right after the cutting in order to trace the specimens
during their preparation. Marking is not made on the observed surface. Care is taken to avoid the
degradation of the marks in the following processes, such as cleaning and heat treatment. The specimen
is re-marked after each step that degrades or obscures the previous marking.

4.6 Cleaning

All foreign material on the specimen, such as greases, oils, coolants and residue from cutoff blades,
are removed by a suitable solvent (such as ethanol, acetone, etc.). Ultrasonic cleaning is effective in
removing the last traces of residues on a specimen surface. Any coating on metal that interferes with
the subsequent treatment, etching, or observation of the base metal is removed before polishing.

4.7 Mounting

4.7.1 General

Mounting of the specimen is usually performed to simplify and improve the sample preparation.
Reasons to mount a specimen can include its handling (small, fragile, soft, or oddly shaped specimens),
a need to fixate separate parts (e. g. fractures), a need for edge retention, and a desire for specimen
standardization (e. g. for automatic grinding and polishing). The mounting method is chosen so as not
to change the microstructure of the specimen. The observed surfaces are generally placed facedown.
Specimens are either mechanically mounted, mounted in a support material (usually plastic), or a

combination of the two. Documents
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