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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
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Steels — Micrographic determination of the apparent grain size

1 Scope

This International Standard specifies a micrographic method of determining apparent ferritic on austenitic grain
size in|steels. It describes the methods of revealing grain boundaries and of estimating the.mean grain size of
specimens with unimodal size distribution. Although grains are three-dimensional in shape;the metallographic
sectioning plane can cut through a grain at any point from a grain corner, to the maximum diameter of the
grain, thus producing a range of apparent grain sizes on the two-dimensional planeyeven in a|sample with a
perfec{ly consistent grain size.

2 Nprmative references
The fallowing referenced documents are indispensable for the“application of this document. For dated
refererjces, only the edition cited applies. For undated references, the latest edition of the referenced
documient (including any amendments) applies.

ISO 3785, Steel — Designation of test piece axes

ISO 14250, Steel — Metallographic characterization'of duplex grain size and distributions

ASTM|E112, Standard Test Methods for Determining Average Grain Size

3 Terms and definitions

For thg purposes of this document, the following terms and definitions apply.
31
grain
closed|polygonal shape’with more or less curved sides, which can be revealed on a flat cross-gection through
the sample, polished-and prepared for micrographic examination

A distipctiontisimade between:

3141
austenitic grain
crystal with a face-centered cubic crystal structure which may, or may not, contain annealing twins

3.1.2
ferritic grain
crystal with a body-centered cubic crystal structure which never contains annealing twins")

1) Ferritic grain size is generally estimated for non-alloy steels with a carbon content of 0,25 % or less. If pearlite islands
of identical dimensions to those of the ferrite grains are present, the islands are then counted as ferrite grains.

© 1SO 2012 — All rights reserved 1
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3.2
index

positive, zero or possibly negative number G which is derived from the mean number m of grains counted in

anareaof 1 m

mZ2 of the section of the specimen

NOTE By definition, G = 1 where m = 16; the other indices are obtained by the formula
m=8x2¢
3.3
intercept
N
number of grains intercepted by a test line, either straight or curved
See Figure 1.
NOTE Straight test lines will normally end within a grain. These end segments are counted as 1/27an interception. N
is the average pf a number of counts of the number of grains intercepted by the test line applied randomly at|various
locations. N is dlivided by the true line length, Ly, usually measured in millimetres, in order tq‘ebtain the number gf grains
intercepted per Qnit length, N .
34
intersection
P
number of intefsection points between grain boundaries and a test lineeither straight or curved
See Figure 1.
NOTE P isthe average of a number of counts of the number of grain boundaries intersected by the test line[applied
randomly at varfous locations. P is divided by the true line length, L+, usually measured in millimetres, in order tp obtain
the number of gfain boundary intersections per unit length, "2 .
4 Symbols and abbreviated terms
The symbols ysed are given in Table 1.
5 Principle
The grain size|is revealed\by micrographic examination of a polished section of the specimen prepared by an
appropriate mé¢thod for'the type of steel and for the information sought.
NOTE If the order or the International Standard defining the product does not stipulate the method of revejling the
grain, the choice_of-this method is left to the manufacturer
This average size is characterized either
a) by an index obtained
— usually by comparison with standard charts for the measurement of grain size;
— or by counting to determine the average number of grains per unit area;
b) or by the mean value of the intercepted segment.
2 © 1SO 2012 — All rights reserved
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nterception, N, counts for a straight line on a single-phase gr ructure where the arrows point to
6 intercepts and two line segments ending within\$a| (2x1/2=1N)and N=7
Q

Intersection, P, counts for a straight test line placed over a single-phase grain structure where the arrows point
to 7 intersection points and P =7

Figure 1 — Examples of intersection, P, and interception, N

© 1SO 2012 — All rights reserved 3
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Table 1 — Symbols

Symbols Definition Value
— . . — 1
a Mean area of grain in square millimetres a = —
m
A Apparent area of the test figure in square millimetres -
_ L o - 1
d Mean grain diameter in millimetres d = —
m
Diameter of the circle on the ground glass screen of the microscope or on 798
D a photemicrograph-enclosing-the-image-of-the-reference-surface-of-the-test ,° MM
pié ce o ° > (area =5 000 mm79)
g Linear magnification (to be noted as a reference) of the microscopic image In principle_100
G Eduivalent index of grain size >
K Cqnversion factor from linear magnification x g to linear magnification x100 K= %
I Megan lineal intercept length, generally expressed in millimetres 1=1/N =1/Py
Lt Tryie length of the test line divided by the magnification, in millimetres -
. - ) . m=2nqo9
m le\l)l(.ar?nbiﬁ;gf grains per square millimetre of test piece surface in the.area (magnification x 10D)
m=2 Kzng (magnificatign x g)
M Number of the closest standard chart picture where g is ot 100. -
" Taotal equivalent number of grains examined on the image of diameter D _
9 (wfth a magnification x g)
ny Nymber of grains completely inside the circle of diameter D -
ny Nymber of grains intersected by the circle-of diameter D -
Taotal equivalent number of grains'examined on the image of diameter D _ no
100 P Nygo = My +—=
(wlth magnification x 100)
N Megan number of grains intereepted per unit length L -
1\7L Me¢an number of grains-intercepted per unit length of the line I\_JL = N/LT
X Nymber of intercepts per millimetre in the longitudinal direction 2 -
Ny Nymber ofiintercepts per millimetre in the transverse direction 2 -
z Nymberof intercepts per millimetre in the perpendicular direction @ -
— Mean number of counts of the number of grain boundaries intersected by _
P the test line applied randomly at various locations
1_>L Mean number of grain boundary intersections per unit length of test line FL :I_J/LT

@  The method for designating the direction conforms to ISO 3785.

6 Selection and preparation of the specimen

6.1

Test location

If the order, or the International Standard defining the product, does not specify the number of specimens and
the point at which they are to be taken from the product, these are left to the manufacturer, although it has
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been shown that precision of grain size determination increases the higher the number of specimens
assessed. Therefore, it is recommended that two or more sections be assessed. Care shall be taken to
ensure that the specimens are representative of the bulk of the product (i.e., avoid heavily deformed material
such as that found at the extreme end of certain products or where shearing has been used to remove the
specimen etc.). The specimens shall be polished in accordance with the usual methods.

Unless otherwise stated by the product standard or by agreement with the customer, the polished face of the

specimen shall be longitudinal, i.e., parallel to the principal axis of deformation in wrought products.
Measurements of the grain size on a transverse plane will be biased if the grain shape is not equiaxial.

6.2 Revealing ferritic grain boundaries

The fefritic grains shall be revealed by etching with nital (ethanolic 2 % to 3 % nitric acid solutipn), or with an
approgriate reagent.

6.3 Revealing austenitic and prior-austenitic grain boundaries

6.3.1 |General

In the|case of steels having a single-phase or two-phase austenitic structure (delta ferrit¢ grains in an
austenitic matrix) at ambient temperature, the grain shall be revealed.by an etching solution. Fqr single phase
austenjtic stainless steels, the most commonly used chemical etchants are glyceregia, Kdlling’s reagent
(No. 2) and Marble's reagent. The best electrolytic etch for single ‘or two-phase stainless steg¢ls is aqueous
60 % nitric acid at 1,4 V d.c. for 60 s to 120 s, as it reveals the\grain boundaries but not the twin boundaries.
Aqueops 10 % oxalic acid, 6 V d.c., up to 60 s, is commonlyused but is less effective than elgectrolytic 60 %
HNO,.

For other steels, one or other of the methods specified below shall be used depending on the information
requirgd.

— “Bechet-Beaujard” method by etching with aqueous saturated picric acid solution (see 6.3.2);

— “Klohn” method by controlled oxidation (see 6.3.3);
—  “McQuaid-Ehn” method by carburization (see 6.3.4);
— grpin boundary sensitization method (see 6.3.7);

— other methods specially agreed upon when ordering.

NOTE The fifstithree methods are for prior-austenitic grain boundaries while the others are for austenitic Mn or
austenific stainless; see Annex A.

If comparative tests are carried out for the different methods, it is essential to use the same heat treatment

d't: 0. R lba oa o e ratdarablhw—frara =N Py baod ta 4 "
condaitiefS—<esuts Ay vary CurmSTOCTaoTy o T U TImeTToTU Tt e OtTeT T

6.3.2 “Bechet-Beaujard” method by etching with aqueous saturated picric acid solution

6.3.2.1 Field of application
This method reveals austenitic grains formed during heat treatment of the specimen. It is applicable to

specimens which have a martensitic or bainitic structure. For this etch to work, there shall be at least
0,005 % P.

© 1SO 2012 — All rights reserved 5
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6.3.2.2 Preparation

The Bechet-Beaujard etchant is normally used on a heat-treated steel specimen. Normally, no subsequent
heat treatment is necessary if the specimen has a martensitic or bainitic structure. If this is not the case, heat
treatment is necessary.

If the conditions for treating the test piece are not provided for by the International Standard defining the
product and there is no specification to the contrary, the following conditions shall be applied in the case of
heat-treated structural carbon steels and low-alloy steels:

— 1,5h at (850 £ 10) °C for steels whose carbon content is greater than 0,35 %;

— 1,5h at (880 * 10) °C for steels whose carbon content is less than or equal to 0,35 %.

After this treatinent, the test piece shall be quenched into water or oil.

6.3.2.3 Pol{shing and etching
A flat specimgn surface shall be polished for micrographic examination. It shall be~etched for an adequate
period of time by means of an aqueous solution saturated with picric acid together‘with at least 0,5 % $odium
alkylsulfonate pr another appropriate wetting agent.

NOTE The| period of etching may vary from a few minutes to more than onéhour. Heating of the solution tp 60 °C
may improve the¢ etching action and reduce etching time.

Several successive etching and polishing operations are sometimes necessary to ensure a sufficient contrast between the
grain boundarief and the general base of the specimen. In the case of through-hardened steel, tempering may be carried
out before seledting the specimen.

WARNING: When heating solutions containing picric-acid, caution shall be taken to avoid the s¢lution
boiling dry ag picric acid can become explosive.

6.3.2.4 Regult

The prior-austgnite grain boundaries shall besimmediately apparent on microscopic examination.

6.3.3 “Kohn[’ method by controlled oxidation

6.3.3.1 Field of application

This method ghows up théraustenitic grain pattern formed by preferential oxidation of the boundaries|during
austenization at the temiperature of a given heat treatment.

6.3.3.2 Preparation

One surface of the specimen shall be polished. The rest of its surface shall not show any traces of oxide. The
specimen shall be placed in a laboratory furnace in which either a vacuum of 1 Pa is attained or an inert gas is
circulated (e.g. purified argon). Heat treat the specimen in accordance with the austenitizing procedure
specified by the customer, or as defined by the International Standard governing the product.

At the end of this specified heating period, air shall be introduced into the furnace for a period of 10 s to 15 s.

The specimen shall then be water-quenched. The specimen can usually be directly examined using a
microscope.

NOTE 1 The oxidation method can be done without the inert atmosphere.

6 © 1SO 2012 — All rights reserved
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The oxide adhering to the previously polished surface should be removed by light polishing with a fine

abrasive, taking care that the oxide network which has formed on the grain boundaries is retained; then the polishing
should be completed by the usual methods. The specimen should then be etched using Vilella's reagent:

— picric acid 19

— hydrochloric acid 5ml

— ethanol 100 ml

6.3.3.3 Result

The preferential oxidation of the boundaries shows up the pattern of austenitic grains.

If the p

In cert
metho

6.3.4

6.3.4.1

This is
carbur
treatm

NOTE
treatmeg
Beauja

6.3.4.2

The s
either
specifi
take in

After G

reparation is effected correctly, no oxide globules should appear at the grain boundaries.

hin cases, it may be necessary to use oblique illumination, or DIC (Differential Interfer
Is, to show up the boundaries in better relief.

“McQuaid-Ehn” method by carburization at 925 °C

Field of application

a method specifically for carburizing steels and shows. up  austenitic grain boundaries
zation of these steels. It is not usually suitable for revealing grains actually formed du
ents.

The “mock carburizing” procedure may also (be used. The specimen is subjected to thg
nt but without a carbon-rich atmosphere. It is then heat-treated as the product would be treatg
d reagent is used to reveal the grain boundarigs, see 6.3.2.

Preparation

ecimens shall be free from any, trace of decarburization or of surface oxidation. Any p
cold, hot, mechanical, etc/,;"\may have an effect on the shape of the grain obtaine
Cation shall state the treatments to be carried out before determination in cases where it
fo account these considerations.

arburizing, the specimen must be cooled at a rate slow enough to precipitate cementi

boundaries in the hypereutectoid surface region of the carburized specimen.

Carbutfization shall'be achieved by maintaining the specimen at (925 + 10) °C for 6 h. This is

by ke

ing thecarburizing chamber at (925 + 10) °C for 8 h, including a pre-heating period. In

bnce Contrast)

formed during
ing other heat

b same thermal
bd. The Bechet-

rior treatment,
; the product
is advisable to

te at the grain

jenerally done
most cases, a

carburized{ layer of approximately 1 mm is obtained. After carburizing, cool the specimen
enough teyensure that the cementite is precipitated at the grain boundaries of the hypereutectcpid zone of the

ht a rate slow

carburized Tayer.

Fresh carburizing compound shall be used each time.

6.3.4.3

Specimen preparation

The carburized specimen shall be sectioned normally to its surface. One of the sections shall be prepared for

microg

a)

raphic examination and etched using either a) or b).

“Le Chatelier and Igewski” reagent (alkaline sodium picrate):

picric acid 29
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sodiu

water

m hydroxide 25¢g

100 ml

Use this reagent by immersion at 100 °C, for at least 1 min, or at room temperature by means of electrolytic
etching 6 V d.c. for 60 s.

b) Nital:

ethan

nitric acid

2mlto5ml

ol to make up to 100 ml

Other reagent;

6.3.4.4

b may be used as long as the same results are obtained.

Reqult

The prior-austenite grain boundaries in the hypereutectoid carburized surface layer, will’be delines

proeutectoid c

6.3.5 Proeut

NOTE
Annex A.

Gui

6.3.5.1  Prin

This method i
manganese-m

bmentite.

ectoid ferrite method

ciple

5 suitable for carbon steel with about 0,25 % t0::0,6 % carbon and for low-alloy steels s
polybdenum, 1 % chromium, 1 % chromium-molybdenum and 1,5 % nickel-chromium. Th

austenitic grain boundaries are revealed as a network of proeutectoid ferrite.

6.3.5.2 Pre
Use the aust
hardenability d
manner as to

In the case of
temperature w

NOTE1  The
precipitated in 1

NOTE2  For

paration

bnizing conditions as given_in, the product standard. In the case of carbon or oth
teel, either air cool, furnage \cool or partially transform isothermally the test pieces in
utline the austenitic grain boundaries with ferrite.

alloy steels, after austenitizing, partially transform isothermally the test pieces at an appn
thin the range 650-5C to 720 °C and then water quench.

min to 5 miih,\although longer times, up to about 20 min, can sometimes be required.

alloy steels, a test piece 12 mm x 6 mm x 3 mm is suitable to obtain uniform transformation du

isothermal treat||nent.

ted by

lelines for the use of this method depending on the microstructure” of the steel product are given in

uch as
b prior-

er low
such a

ppriate

time requiredfor transformation will vary according to the steel, but usually sufficient ferfite has

ring the

6.3.5.3

Polishing and etching

Section, polish and etch the test pieces for micrographic examination. Etch the test pieces with a suitable

etchant such a

s hydrochloric acid and picric acid (Vilellas' reagent).

6.3.6 Bainite or gradient-quench method

NOTE
Annex A.
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This method is suitable for steels of approximately eutectoid composition, i.e., having a carbon content of
0,7 % by mass or higher. The boundaries of the prior-austenitic grains are revealed by a network of fine
pearlite or bainite outlining the martensite grains.

6.3.6.2

Preparation

Heat the test piece to a temperature not more than 30 °C above Acj3 (i.e., the temperature at which ferrite
completes its transformation to austenite during heating) to ensure full austenitization.

Cool the specimen at a controlled rate to produce a partially hardened structure of fine pea

rlite or bainite

outlinin
This st

a) by
wi

b) by
p3

Then (g
6.3.7

The g
tempe

NOTE

6.3.8

For ce
pattern
of prosg
etc. TH

oxidati

7 C

71

g the martensite grains.
Fucture may be produced in one of the following ways:

completely quenching in water or oil, as appropriate, a bar of cross-sectighal dimensig
| fully harden at the surface but only partially harden in the centre;

gradient quenching a length of bar, 12 mm to 25 mm diameter or square, by immersing
rt of the length only.

olish and etch.

Sensitization of austenitic stainless and manganese'steels

ain boundaries may be developed through precipitation of carbides by heating within
ature range, 482 °C to 704 °C (900 °F to 1 3002°F). Any suitable carbide-revealing etcha

This method should not be used in case of\wery low carbon contents in austenitic grades.
Other methods for revealing prior-austenitic grain boundaries
tain steels, after simple heat.treatment (annealing or normalizing, quenching and tempq
of the austenitic grains may )appear in the following forms under micrographic examina
utectoid ferrite surrounding’pearlite grains, a network of very fine pearlite surrounding ma

e austenitic grain may_also be revealed by thermal etching under vacuum (not necessa
bn). The product specification shall mention these simplified methods?) in these cases.

haracterization of grain size

Characterization by an index

ns such that it

t in water for a

the sensitizing
ht can be used.

ring, etc.), the
ion: a network
rtensite grains,
ily followed by

711

Formulae

The index is defined in 3.2 by the formula

m

=8x2¢

This formula may be stated as

2) Amongst these methods are the following:

— precipitation on the grain boundaries during cooling;

— gradient quenching method, etc.
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or

0,30

7.1.2 Assessment by comparison with standard grain size charts

lgm

1

(2a)

The image examined on the screen (or on a photomicrograph) is compared with a series of standard charts3)
or overlays (eye-piece graticules designed for grain size measurement can be used providing these are

traceable to |
numbered fron

NOTE All g
between 00 to J
which is in confq

The standard
determined. A

Where the mg
equal to the ny

G = MH

Table 2 gives the relationship between the indices for the usual magnifications.

6,64 x1g -5
100

National or International standards). The standard charts at a magnification of xy1
n 00 to 10 so that their number is equal to the index G.

chart with the grain size closest to that of the examined fields of the-specimen can t
minimum of three randomly-selected fields shall be assessed on each specimen.

gnification g of the image on the screen or photomicrographsis not x 100, the index G s
mber M of the closest standard chart, modified as a function ‘of the ratio of the magnificafions:

Table 2 — Relationship between indices for the usual magnifications

tandard charts in Annex B are displayed at a magnification of x 100. The different sizes(of,circles 4
,5 and 3,0 to 10. The standard chart of 1,0 adopts the same standard chart of 3,0 with x 2 magn
rmity with Formula (1).

DO are

re used
fication

hen be

hall be

®)

Magnification of the image

Index of metalgrain for an image identified on a standard chart No.

25 -3 -2 -1 0 1 2 3 4
50 -1 0 1 2 3 4 5 @
100 1 2 3 4 5 6 7 §
200 3 4 5 6 7 8 9 1P
400 5 6 7 8 9 10 11 1P
500 5,6 6,6 7,6 8,6 9,6 10,6 11,6 14,6
800 7 8 9 10 11 12 13 1@

7.1.3 Planim

etricmethod

The evaluation

method is defined in Annex C

7.1.4 Estimation of the index

Whether the estimate is carried out by comparison or by count, the accuracy obtained is rarely greater than a
half-unit. The index shown shall be rounded to a whole number.

3) These standard charts are defined in ASTM E112 [(plates IA and IB) (Annex B)]. The standard charts selected should

be adhered to throughout the whole of the examination.

10
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Count the number of grains intercepted, N, or the number of grain boundary intersections, P, with a test line of
known length on a projection screen, on a reticle, on a television-type monitor or on a photomicrograph of a
representative of the bulk of the specimen at a known magnification, g.

The measuring line may be straight or circular. The measuring grid in Figure 2 shows the types of
recommended measuring line.

The grid shall be applied only once to the field examined. It is applied at random to an adequate number of
fields to have a valid count.

The dimensions in millimetres of the three circles shall be:

Diame
79,58
53,05
26,53

7.21

7211
The th
the sh
straigh

150 mm while the horizontal and vertical lines are_.each 100 mm long. The straight lines will als

variatiq
counts

er Circumference
250,0
166,7
83,3
Total 500,0
Linear intercept segment method

Figure 2 shows a test pattern that can be used’to measure grain size by the inte
fee concentric circles have a total line length of 500\mm. A circular test grid averages o
bpe of equiaxed grains and avoids the problemtof lines ending within grains. Figure 2
t lines; two oriented diagonally, one vertically~and one horizontally. Each diagonal line K

ns in the shape of equiaxed grains. Alternatively, if the degree of grain elongation is of
can be made using only the vertical.and horizontal lines (separately) when they are alig

brcept method.
ut variations in
also has four
as a length of
50 average out
interest, grain
hed so that the

horizontal line is parallel to the deformation axis (and the vertical line is then perpendicular to the deformation

axis) o

The m
randon

NOTE
number
lines is

The fo
test lin

h a longitudinally-oriented polished plane [see 7.2.3, ¢)].

pgnification shall be selected)so that at least 50 intercepts are obtained in any one fiel
nly selected fields shall be.dssessed with a total number of intercepts of at least 250.

If the grain size*0f_the specimen requires the magnification to be changed in order to achig
of intercepts, the.length of the measuring lines can also be varied providing that the orientation g
arranged to take ‘account of the effects of anisotropy.

lowing rules‘apply to interception and intersection counts of single-phase grain structure
ES.

0. At least five

bve the required
f the measuring

5 using straight
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Figure 2 — Recommended measurement grid for the intercept segment method

7.21.2 When the number of intercepted grains, N, is counted:

— if atest line goes through a grain, Nis1;

— if a test lirfe terminates within a grain, N is 0,5;

— if atest line is tangential to @-grain boundary, N is 0,5.

7.21.3 When the numbér-of grain boundary intersections, P, is counted:
— if a test line passes.through a grain boundary, P is 1;

— if a test lire/is tangential to a grain boundary, P is 1;

— ifatestline intersects a triple point, Pis 1,5

NOTE The “Snyder-Graff’ method, described in Annex C, represents a linear intercept method for tool steel
(high-speed steels).

7.2.2 Circular intercept segment method
The pattern of circles shown in Figure 2 is recommended.

The measuring line consists either of a set of three concentric circles as shown in Figure 2 or of one single
circle.

12 © ISO 2012 — Al rights reserved
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The total length of the three circles of the recommended grid shown in Figure 2 is 500 mm. The magnification
or diameter of the circle shall be selected so that there are 40 to 50 intercepts when the measurement grid is
superposed on the field to be examined.

In the case of a single circle, the largest circle with a circumference of 250 mm is used. In this case, the
magnification to be used shall enable at least 25 intercepts to be counted.

The circular intercepted segment method tends to give slightly high intercepted segment values and thus a
slightly low number of intersections. In order to compensate for this, the intersections caused by a triple point
shall be counted as two intersections instead of 1,5 as is the case with the linear intercepted segment method.

7.23

Countg
The m

If Ly i

N|

For th
inters

directions. These three directions can be found on any two of.the three principal test plane

transv

The m
is dete

N

where
measu

G
twi

gr

a)

™
ig

b)

N
th
ug
ar|

c)

Assessment of results

of the number of intercepts, N, or intersections, P, are made on a number of fields selec
ban value of the number of intercepts, N, or intersections, P, is calculated.

5 the true length of the test line then

L=]V/LT and FL =f_)/LT

case of non-equiaxed grain structures, counts can be made/of the number of interq
tions, P, of the grains or grain boundaries, with straight test lihes oriented parallel to the

rse and planar).

ban number of intercepts per millimetre, ]VL, or the mean number of intersections per
rmined from the cube root of the product of the three:-measurements:

L=(N1xxNLyxN )" and P =(PrxxPEyxPL,)"3

the bars above the quantities indicaté that they are the means (averages) of
rements and x, y, and z indicate the ptincipal directions (longitudinal, transverse and plan

ains of different size indices: In certain cases, the specimen examined may include grair]
o or more different systems of-Size indices. This can be recognized by the presence of s¢
patly differing dimensions from those of the whole, e.g., see ISO 14250.

vin grains: Unless otherwise specified, these are counted as a single grain, that is, twin |
nored (see Figure 3).

n-equiaxed drains: The grain shape can be expressed by dividing the mean lineal inte
b deformation-direction by the mean lineal intercept length perpendicular to the deform
ing a longitudinally oriented test specimen. This is referred to as the grain elongatio
isotropy-index.

ted at random.

eptions, N, or
three principal
5 (longitudinal,

hillimetre, P,

a number of
ar).

s belonging to
veral grains of

boundaries are

rcept length in
ation direction
n ratio, or the

d) M

pdern methods of grain size measurement: Such as ultrasonic methods, automatic image

analysis, etc.,

can be used to measure grain size of applicable materials providing that the accuracy of the methods has
previously been proven by an extensive cross correlation.
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memsmnse Grain boundaries

Figure 3 — Evaluation of number of grains (twin grains)

8 Testreport

The test repori shall contain the following information:
a) grade of the steel examined;

b) type of grain determined;

c) method used, operating conditions, method of evaluation (i.e., manual or automatic image analysis);

d) grain size|index or the value of the mean segment:

14 © ISO 2012 — Al rights reserved


https://standardsiso.com/api/?name=6a4061abf59cc96296bc27e719ff223b

ISO

Annex A
(informative)

643:2012(E)

Summary of methods for revealing ferritic, austenitic or prior-austenitic
grain boundaries in steels

Method

Applicable steels

The “H

echet-Beaujard” etch method (see 6.3.2)

Steels with martensitic, tempered martensit
structures that contain > 0,005 % phosphon

L or bainitic
IS

The “K

ohn” oxidation method (see 6.3.3)

Carbon and low-alloy steels

The “N

lcQuaid-Ehn” carburizing method (see 6.3.4)

The m

pck carburizing method (see 6.3.4)

Carburizing steels

The proeutectoid ferrite delineation method (see 6.3.5)

Coarse-grained carbonsteels with between
0,6 % carbon; also lew-alloy steels such as
Cr, 1% Cr-Mo and 1,5 % Cr-Ni

0,26 % and
Mn-Mo, 1 %

The bainite or gradient quench method (see 6.3.6)

Coarse-grainedvsteels of approximately eutq
content, i.e., 0,7 % to 0,8 % carbon

ctoid carbon

The grain boundary sensitization method (see 6.3.7)

Unstabilized austenitic or duplex stainless s
carbon content > 0,025 % @

eels with a

The quenching and tempering method (see 6.3.8)

Carbon steels

Direct

etching using a suitable reagent (see 6.2)

All single-phase steels

a Al

stenitic Mn steels will precipitate a fine carbide aggregate at the grain boundaries when aged between 550 °C 3

nd 600 °C.

© 1SO 2012 — All rights reserved

15


https://standardsiso.com/api/?name=6a4061abf59cc96296bc27e719ff223b

ISO 643:2012(E)

Annex B
(normative)

Determination of grain size — Standard charts taken from ASTM E112%

Plate 1A — Untwinned grains (flat etch) x 100

\ / N\ /

s

00

4) The charts are reproduced, with permission, from ASTM E112. For a comparison chart showing the grain size, please
contact ASTM, 100 Barr Harbor Drive, Philadelphia, PA 19428-3914, USA (refer to adjunct No. ADJ 12-501120-10).

16 © ISO 2012 — Al rights reserved


https://standardsiso.com/api/?name=6a4061abf59cc96296bc27e719ff223b

ISO 643:2012(E)

Plate 1A (continued) — Untwinned grains (flat etch) x 100
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Plate 1A (continued) — Untwinned grains (flat etch) x 100

A
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late 1B (continued) — Untwinned grains (flat etch) x 1
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(flat etch) x 100

Plate 1B (continued) — Untwinned grains
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Plate 1B (continued) — Untwinned grains (flat etch) x 100

26
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Plate 1B (continued) — Untwinned grains (flat etch) x 100
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Plate 1B (continued) — Untwinned grains (flat etch) x 100
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