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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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INTERNATIONAL STANDARD ISO 643:2019(E)

Steels — Micrographic determination of the apparent
grain size

1 Scope

This document specifies a micrographic method of determining apparent ferritic or 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-dimensi¢nal in shape,
the metallographic sectioning plane can cut through a grain at any point from a grainn porner, to the
maxinpum diameter of the grain, thus producing a range of apparent grain sizes on the’twq-dimensional
plane,[even in a sample with a perfectly consistent grain size.

2 Nprmative references

The fdllowing documents are referred to in the text in such a way(that some or all of|their content
constifutes requirements of this document. For dated referencesionly the edition citefl applies. For
undated references, the latest edition of the referenced documént(including any amendments) applies.

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

3 Terms and definitions
For the purposes of this document, the followingterms and definitions apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

— ISP Online browsing platfornitavailable at http://www.iso.org/obp

3.1 Grains

3.1.1
grain
closed| polygonalsshape with more or less curved sides, which can be revealed on a flat|cross-section
through the sample, polished and prepared for micrographic examination

3.1.2

auste?itic grain

crystal withra face-centred cubic crystal structure wiich may, or may not, contain anneating twins
3.1.3

ferritic grain
crystal with a body-centred cubic crystal structure which never contains annealing twins

Note 1 to entry: Ferritic grain size is generally estimated for unalloyed 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.

© IS0 2019 - All rights reserved 1
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3.2 General

3.2.1
index

positive, zero or possibly negative number G which is derived from the mean number m of grains (3.1.1)

counted in an

area of 1 mm? of the section of the specimen

Note 1 to entry: By definition, G = 1 where m = 16; the other indices are obtained by Formula (1).

m=8x2¢

3.2.2

M

intercept
N

number of gr¢ins (3.1.1) intercepted by a test line, either straight or curved

Note 1 to entry

Note 2 to entr)
interception. N
randomly at v{
to obtain the n

3.2.3
intersection
P

number of int]

Note 1 to entry

Note 2 to entry
line applied r
millimetres, in

4 Symbols

The symbols

: See Figure 1.

: Straight test lines will normally end within a grain. These end segments are counted as
 is the average of a number of counts of the number of grains intercepted by the test line
rious locations. N is divided by the true line length, Ly usually nfeasured in millimetres, i
limber of grains intercepted per unit length, Ny,.

ersection points between grain (3.1.1) boundaries and a test line, either straight or ¢
: See Figure 2.

: P is the average of a number of counts;of the number of grain boundaries intersected by 1
ndomly at various locations. P (is)divided by the true line length, L; usually meast
order to obtain the number of grain boundary intersections per unit length, Py, .

1sed are given in-Table 1.

Table 1 — Symbols

1/2 an
hpplied
h order

urved

he test
red in

Symbols Definition Value
— - s _ 1
a Mg¢an area of grain in square millimetres a=—
m
Ag Apparent area of the test figure in square millimetres —
- - 1
d Mean grain diameter in millimetres d=—=

Jm

D or

Diameter of the circle on the ground glass screen of the microscope | 79 8 mm

on a photomicrograph enclosing the image of the reference

surface of the test piece (area=15000 mm?)

g mi

Linear magnification (to be noted as a reference) of the

> In principle 100
croscopic image

G Eq

uivalent index of grain size —

a2 The method for designating the direction conforms to ISO 3785.

© ISO 2019 - All rights reserved
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Table 1 (continued)
Symbols Definition Value
K Conversion factor from linear magnification x g to linear g
magnification x100 " 100
Mean lineal intercept length, generally expressed in — —=
! millimetres I=1/N1 =1/PL
L True length of the test line divided by the magnification, in .
T millimetres
Number of grains per square millimetre of test piece surface in the | .
I . Lllldslllll\,dtlull ~ 100)
area examined
m = 2 K?n, (nhagt]ification x g)
M| Number of the closest standard chart picture where g is not 100. —
n Total equivalent number of grains examined on the image of .
8 diameter D (with a magnification x g)
ny Number of grains completely inside the circle of diameter D —
n, Number of grains intersected by the circle of diameter D —
n Total equivalent number of grains examined on the image of B n,
100 |diameter D (with magnification x 100) Mo =My +—+
N Mean number of grains intercepted per unit length L —
IVL Mean number of grains intercepted per unit length of the line IVL = IV/LT
N, Number of intercepts per millimetre in the longitudinal direction? |—
N Number of intercepts per millimetre in thetransverse direction? |—
N Number of intercepts per millimetre in.the perpendicular direction?®| —
= Mean number of counts of the numberof grain boundaries .
P intersected by the test line appliedrandomly at various locations
= Mean number of grain boundary intersections per unit length of - =
P test line PL=P /L
a2 Thie method for designating the direction conforms to ISO 3785.
5 Principle
The grjain size is reyealed by micrographic examination of a polished section of the speciien prepared
by an fppropriate.method 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
revealing the grain, the choice of this method is left to the manufacturer.
This alkerage size is characterized either

a) by anindex obtained

1)
2)
b) or

©IS0 2

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;

by the mean value of the intercepted segment.
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NOTE Intdrception, N, counts for a straight line on a single-phase grain structuéwhere the arrows point to
6 intercepts anyd two line segments ending within grain (2 x1/2=1N)and N = 7Q

Figure 1 — Example of interceptio&?l
QO

NOTE Intd r@)tion, 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 2 — Example of intersection, P

6 Selection and preparation of the specimen

6.1 Testlocation

Ifthe 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 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

4 © IS0 2019 - All rights reserved
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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 fetritic grains shall be revealed by etching with nital (ethanolic 2 % to 3 % nitric acifl solution), or
with ajn appropriate 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 ferrite grains in an
auster]itic matrix) at ambient temperature, the grain shall be revealed by an etching solutjon. For single
phase |Jaustenitic stainless steels, the most commonly used chémical etchants are glycerggia, Kalling’s
reagent (No. 2) and Marble's reagent. The best electrolytic etch for single or two-phase sfainless steels
is aqueous 60 % nitric acid at 1,4 V d.c. for 60 s to 120 s, as.it reveals the grain boundarigs but not the
twin Houndaries. Aqueous 10 % oxalic acid, 6 V d.c., up-té 60 s, is commonly used but is|less effective
than electrolytic 60 % HNO;.
For other steels, one or other of the methods specified below shall be used depending on the information
requirfed.

“Bechet-Beaujard” method by etching@ith aqueous saturated picric acid solution (se¢ 6.3.2).
— “Kohn” method by controlled oxidation (see 6.3.3).
— “McQuaid-Ehn” method by ¢arburization (see 6.3.4).
— grfain boundary sensitization method (see 6.3.7).
— other methods spetially agreed upon when ordering.
NOTE The firstthree methods are for prior-austenitic grain boundaries while the others arg for austenitic
Mn or qustenitic,stainless, see Annex A.
If comparative tests are carried out for the different methods, it is essential to use the same heat
treatnrent conditions. Results may vary considerably from one method to the other.

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.

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.

©IS0 2

019 - All rights reserved


https://standardsiso.com/api/?name=89981e29239d97ed1dace45eb76fe739

ISO 643:2019(E)

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 unalloyed steels and low-alloy steels:

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

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

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

6.3.2.3 Polishing and etching

A flat specin
adequate per
least 0,5 % so

NOTE Thd
60 °C can impr]

Several succe
contrast betv
hardened ste

WARNING —

6.3.2.4 Resdult

The prior-aus

6.3.3 “Koh

6.3.3.1 Fie

This method
during auster]

6.3.3.2 Pre

One surface of the specimefishall be polished. The rest of its surface shall not show any traces of]

The specimer]
inert gas is cil
procedure sp

At the end of

€N surtace snall be polished for micrographic examination. It shall be etched
od of time by means of an aqueous solution saturated with picric acid together-y
dium alkylsulfonate or another appropriate wetting agent.

period of etching can vary from a few minutes to more than one hour. Heating ef the solu
pve the etching action and reduce etching time.

leen the grain boundaries and the general base of the specimen. In the case of th
], tempering may be carried out before selecting the specimén.

h” method by controlled oxidation

d of application

ization at the temperature-of a given heat treatment.

paration

shall be placed in a laboratory furnace in which either a vacuum of 1 Pa is attain

ecifiedby the customer, or as defined by the International Standard governing the py

this specified heating period, air shall be introduced into the furnace for a period

tenite grain boundaries shall be immediatelyapparent on microscopic examinatior].

for an
vith at

tion to

ssive etching and polishing operations are sometimes necessaryfo ensure a suffficient

rough-

When heating solutions containing picric acid, caution shall be taken to avdid the
solution boiling dry as picric acid can become explosive.

shows up the austenitic grain pattern formed by preferential oxidation of the bourldaries

oxide.
or an

e
culated(e)g. purified argon). Heat treat the specimen in accordance with the auster;ﬁtizing

oduct.

pf 10 s

to 15s.

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

microscope.

NOTE

The oxidation method can be done without the inert atmosphere.
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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:

—  picricacid 1lg

—  hydrochloricacid 5 ml

—  ethanol 100 ml
6.3.3.3—Result
The pijeferential oxidation of the boundaries shows up the pattern of austenitic grains.

If the preparation is affected correctly, no oxide globules should appear at the grain boun

In cer
(DIC)

6.3.4

6.3.4.]

This i
forme
forme

NOTE

treatm|
Bechet

6.3.4.1

The s}

ain cases, it may be necessary to use oblique illumination, or differential interfer
methods, to show up the boundaries in better relief.

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

| Field of application

| during carburization of these steels. It is net usually suitable for revealing gi
l during other heat treatments.

The “mock carburizing” procedure can also be used. The specimen is subjected to the

ent but without a carbon-rich atmosphereilt is then heat-treated as the product would |
Beaujard reagent is used to reveal the grain boundaries, see 6.3.2.

. Preparation

pecimens shall be free ffom any trace of decarburization or of surface oxidati

treatnjent, either cold, hot, mechanical, etc., may have an effect on the shape of the grain

produ
itis ad
After

grain |

Carbu
done |
most d

visable to take into0@ccount these considerations.

laries.

ence contrast

5 a method specifically for case-hardening steels, and shows up austenitic graipn boundaries

ains actually

same thermal
e treated. The

bn. Any prior
obtained; the

ct specification shall(state the treatments to be carried out before determination i cases where

rarburizing, the/specimen must be cooled at a rate slow enough to precipitate cementite at the

poundariesiinrthe hypereutectoid surface region of the carburized specimen.

rization-shall be achieved by maintaining the specimen at (925 + 10) °C for 6 h. Th
y keeping the carburizing chamber at (925 + 10) °C for 8 h, including a pre-heat
ases, a carburized layer of approximately 1 mm is obtained. After carburizing, cool

s is generally
ng period. In
the specimen

at a rafe slow enough to ensure that the cementite 1s precipitated at the grain boundaries of the
hypereutectoid zone of the carburized layer.

Fresh carburizing compound shall be used each time.

©IS0 2
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6.3.4.3 Specimen preparation

The carburized specimen shall be sectioned normally to its surface. One of the sections shall be
prepared for micrographic examination and etched using either a) or b).

a) “Le Chatelier and Igewski” reagent (alkaline sodium picrate):
— picric acid 2g
— sodium hydroxide 25¢g
— watef 100 ml
Use this reagent by immersion at 100 °C, for at least 1 min, or at room temperaturé by mdans of
electrolytic etching 6 V d.c. for 60 s.
b) Nital:
— nitri¢ acid 2mlto5ml
— ethanol to make up to 100 ml
Other redgents may be used as long as the same results are obtained.

6.3.4.4 Resdult

tenite grain boundaries in the hypereutectoidi¢arburized surface layer will be delipeated

id cementite.

The prior-aug
by proeutectd

6.3.5 Proetitectoid ferrite method

NOTE Gui
in Annex A.

Helines for the use of this method depéending on the microstructure of the steel product arg given

6.3.5.1 Prinpciple

This method

s suitable for unalloyed steel with about 0,25 % to 0,6 % carbon and for low-alloy

such as man
chromium. T

6.3.5.2 Pr

banese-molybdebum, 1 % chromium, 1 % chromium-molybdenum and 1,5 %
e prior-austehitic grain boundaries are revealed as a network of proeutectoid ferri

aration

Use the austgnizing conditions as given in the product standard. In the case of carbon or ot

steels
hickel-
[te.

r low

hardenability| stéel, either air cool, furnace cool or partially transform isothermally the test pi¢ces in
such a manner as to outline the austenitic grain boundaries with ferrite.

In the case of alloy steels, after austenitizing, partially transform isothermally the test pieces at an
appropriate temperature within the range 650 °C to 720 °C and then water quench.

NOTE 1

has precipitated in 1 min to 5 min, although longer times, up to about 20 min, can sometimes be required.

NOTE 2
during the isot

hermal treatment.

6.3.5.3 Polishing and etching

The time required for transformation will vary according to the steel, but usually sufficient ferrite

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

Section, polish and etch the test pieces for micrographic examination. Etch the test pieces with a
suitable etchant such as hydrochloric acid and picric acid (Vilellas’ reagent).

8

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=89981e29239d97ed1dace45eb76fe739

ISO 643:2019(E)

6.3.6 Bainite or gradient-quench method
NOTE Guidelines for the use of this method depending on the microstructure of the steel product are given
in Annex A.

6.3.6.1 Principle

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

Heatt
compl

Cool t
bainit

This s

a) by

b) by gradient quenching a length of bar, 12 mm to 25 ann diameter or square, by in|

A%

Then polish and etch.

6.3.7

The g
sensit

etchant can be used.

This method should not be used(in case of very low carbon contents in austenitic grades.

6.3.8

For ce
etc), 1
exami

ne test piece to a temperature not more than 30 °C above A5 (i.e. the temperatureé at
btes its transformation to austenite during heating) to ensure full austenitization.

he specimen at a controlled rate to produce a partially hardened stnucture of fi
b outlining the martensite grains.

ructure may be produced in one of the following ways:

hter for a part of the length only.

Sensitization of austenitic stainless and manganese steels

Fain boundaries may be developed;through precipitation of carbides by heatiq
zing temperature range, 482 °Cto"704 °C (900 °F to 1 300 °F). Any suitable carl

Other methods for-revealing prior-austenitic grain boundaries

which ferrite

ne pearlite or

completely quenching in water or oil, as appropriate, a barof cross-sectional dimensions such
thiat it will fully harden at the surface but only partially harden in the centre;

Imersing it in

g within the
ide-revealing

rtain steels, after’simple heat treatment (annealing or normalizing, quenching a

pearlife surrounding martensite grains, etc. The austenitic grain may also be reveal

etchin
these

NOTE

implified methods in these cases.

d tempering,

he pattern ©f-the austenitic grains may appear in the following forms under jmicrographic
hation: a-network of proeutectoid ferrite surrounding pearlite grains, a network of very fine

by thermal

g under'vacuum (not necessarily followed by oxidation). The product specification shall mention

Amongst these methods are the following:

— precipitation on the grain boundaries during cooling;

J— gr

©IS0 2

adient quenching method, etc.
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7 Characterization of grain size

7.1 Characterization by an index

7.1.1 Formulae
The index is defined by Formula (1):
m=8x2¢

@)

This formula

C = lgm
lg2

or Formula (3
- lgm
0,30

7.1.2 Asses

The image e}
standard chg
measurement
standard cha

to the index G.

NOTE All
circles are use
with x2 magni

The standard
be determine

Ty bestatedas Formma 23

-3

L _3
1

sment by comparison with standard grain size charts

ramined on the screen (or on a photomicrograph) shall be compared with a se

can be used providing these are traceable to\national or international standard
rts at a magnification of x 100 are numbere@from 00 to 10 so that their number ig

standard charts in ASTM E112 are displayed at a magnification of x100. The different s
l between 00 to 2,5 and 3,0 to 10. The'standard chart of 1,0 adopts the same standard chaf
Fication which is in conformity with.Eormula (2).

(2)

(3)

ries of

rts defined in ASTM E112 or overlays (eye-piece graticules designed for grain size

5). The
equal

izes of
t of 3,0

chart with the grain size-closest to that of the examined fields of the specimen cajn then
d. A minimum of three yandomly-selected fields shall be assessed on each specimer].

Where the magnification g of thesimage on the screen or photomicrograph is not x100, the index G
shall be equa] to the number M efthe closest standard chart, modified as a function of the ratio| of the
magnifications, as given by Formula (4):
G = M+p,64x182— @)
100
Table 2 gives tlierelationship between the indices for the usual magnifications.
Table 2 — Relationship between indices for the usual magnifications
Magnification of the image Index of metal grain 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 6
100 2 3 4 5 6 7 8
200 4 5 6 7 8 9 10
400 6 7 8 9 10 11 12
500 5,6 6,6 7,6 8,6 9,6 10,6 11,6 12,6
800 7 8 9 10 11 12 13 14

10
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7.1.3 Planimetric method

The evaluation method shall be as defined in Annex B.

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.

7.2 Characterization by the intercept method

Count dhesumber of araing ntarcantad N or the numbar of oy ; tions, P, with
a test [line of known length on a projection screen, on a reticle, on a television-type mignitor or on a
photomicrograph of a representative of the bulk of the specimen at a known magnificatioh, g.

The measuring line may be straight or circular. The measuring grid in Figure 3°showg the types of
recommended measuring line.

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

The dimensions in millimetres of the three circles shall be:

Diameter Circumference
79,58 250,0
53,05 166,7
26,53 83,3
Total 500,0

7.2.1 | Linear intercept segmentinethod

7.2.1.1 Figure 3 shows a test pattern that can be used to measure grain size by the intefcept method.
The thiree concentric circles have a total line length of 500 mm. A circular test grid averages put variations
in the [shape of equiaxed.grains and avoids the problem of lines ending within grains. Fighre 3 also has
four sfraight lines: twe oriented diagonally, one vertically and one horizontally. Each diaggnal line has a
length{of 150 mm svhile the horizontal and vertical lines are each 100 mm long. The strafight lines will
also ayerage outvariations in the shape of equiaxed grains. Alternatively, if the degree of grjin elongation
is of interest, grain counts can be made using only the vertical and horizontal lines (sepgrately) when
they afe aligned so that the horizontal line is parallel to the deformation axis (and the verti¢al line is then
perpendicular to the deformation axis) on a longitudinally-oriented polished plane [see 7.4.3, c].

The magnification shall be selected so that at least 50 intercepts are obtained in any one field. At least
five randomly selected fields shall be assessed with a total number of intercepts of at least 250.

NOTE If the grain size of the specimen requires the magnification to be changed in order to achieve the
required number of intercepts, the length of the measuring lines can also be varied providing that the orientation
of the measuring lines is arranged to take account of the effects of anisotropy.

The following rules apply to interception and intersection counts of single-phase grain structures using
straight test lines.

© IS0 2019 - All rights reserved 11
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Figure 3 — Recommended measurement grid for.the intercept segment method

7.2.1.2 Wh¢n the number of intercepted grains, N, is-counted:
— ifatestlipe goes through a grain, Nis 1;
— ifatestlipe terminates within a grain, N 1s-0,5;

— ifatestlipe is tangential to a grain/doundary, N is 0,5.

7.2.1.3 When the number of grain boundary intersections, P, is counted:
— ifatestlipne passes througina grain boundary, Pis 1;

— ifatestlipe is tangential to a grain boundary, P is 1;

— ifatestlipe intersects a triple point, Pis 1,5.

NOTE Theg “Snyder-Graff” method, described in B.2, represents a linear intercept method for to¢l steel
(high-speed steels)

7.2.2 Circular intercept segment method
The pattern of circles shown in Figure 3 is recommended.

The measuring line consists either of a set of three concentric circles as shown in Figure 3 or of one
single circle.

The total length of the three circles of the recommended grid shown in Figure 3 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.

12 © IS0 2019 - All rights reserved
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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.

7.2.3

Assessment of results

Counts of the number of intercepts, N, or intersections, P, are made on a number of fields selected at
random. The mean value of the number of intercepts, N , or intersections, P, is calculated.

ratio, or the anisotropy index.

the true length of the test line then Formula (5) applies:

L =N /L; and PL =P /L;

b case of non-equiaxed grain structures, counts can be made of the numberof'inter
ections, P, of the grains or grain boundaries, with straight test lines oriented parall
pal directions. These three directions can be found on any two of the-three princig
udinal, transverse and planar).

can number of intercepts per millimetre, N1, or the mean number of intersections p
determined from the cube root of the product of thé‘three measurements,

la (6):

=(1VLX X]VLy XN Lz )13 and PL =U;Lx XFLy XP L, )1/3

the bars above the quantities indicate that'they are the means (averages) of
rements and X, y, and z indicate the principal’directions (longitudinal, transverse a

ains of different size indices. In certain cases, the specimen examined may include grg
two or more different systems of size indices. This can be recognized by the prese
ains of greatly differing dimensions from those of the whole, e.g. see ISO 14250.

bin grains. Unless otherwisesspecified, these are counted as a single grain, that is, tw!
e ignored (see Figure 4).

n-equiaxed grains. The)grain shape can be expressed by dividing the mean lineal inf
the deformation diréction by the mean lineal intercept length perpendicular to th¢
rection using a-longitudinally oriented test specimen. This is referred to as the grg

hdern méthods of grain size measurement. Such as ultrasonic methods, automatic in
c., can,be used to measure grain size of applicable materials providing that the ad
pthiods has previously been proven by an extensive cross correlation.

(5)

eptions, N, or
] to the three
al test planes

er millimetre,
according to

(6)
a number of
hd planar).
ins belonging
hce of several

n boundaries

ercept length
e deformation
in elongation

hage analysis,
curacy of the

If L is
N
For th
inters
princi
(longi
The m
Py, is
Formuy
N,
where
measy
a) G
to
g1
b) T}
ar
c) N
in
di
d M
et
m
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Key
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8 Testreport

The test repo
a) referencd
b) grade of {
c) typeofgi
d) methody
e) grain sizd
f) any devid
g) anyunus
h)

14

n boundaries

Figure 4 — Evaluation of number of grains (twin grains)

"t shall contain the following infermation:
to this document, i.e. ISO 648;

he steel examined;

ain determined;

sed, operatingeconditions, method of evaluation (i.e. manual or automatic image analysis);
index or the-value of the mean segment;

tions.firom the procedure;

1al-features observed;

the date of the test.
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Annex A

(informative)

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 mafte
bainitic structures that contain 20,005 ¢

hsitic or
phosphorus

The “K

ohn” oxidation method (see 6.3.3)

Unalloyed and low-alloy steels

The “MlcQuaid-Ehn” carburizing method (see 6.3.4)

The m|

pck carburizing method (see 6.3.4)

Case-hardening steels

The pt

oeutectoid ferrite delineation method (see 6.3.5)

Coarse-grained unalloyed steels with bef

and 0,6 % carbon; also low-alloy steels siich as

Mn-Mo, 1 % Cr,4,% Cr-Mo and 1,5 % Cr-N

ween 0,26 %

—

The b3

inite or gradient quench method (see 6.3.6)

Coarse-graingd/steels of approximately d
carbon contént, i.e. 0,7 % to 0,8 % carboy

utectoid

The g1

ain boundary sensitization method (see 6.3.7)

Unstabilized austenitic or duplex stainle
with@carbon content >0,025 %32

s steels

The quenching and tempering method (see 6.3.8)

Unalloyed steels

Direct

etching using a suitable reagent (see 6.2)

All single-phase steels

a  Au
and 60

stenitic Mn steels will precipitate a fine carbide aggregate at the grain boundaries when aged |

0 °C.

etween 550 °C

© IS0 2019 - All rights reserved
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Annex B
(normative)

Evaluation method

B.1 Principle of the planimetric method

Historically, k

superimpose
was adjusted
minimize the
the number o

circle measuring 79,8 mm in diameter (as shown in Figure B.1) was drawn|on or
over a micrograph or a live image on a ground glass projection screen. The maghifjcation
so that the circular area contained at least 50 grains. This recommendatiot Was njade to

counting error associated with a circular test pattern. Figure B.1 shows.how to eyjaluate
f grains in an area enclosed by a circle.

{

17
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Two counts are made: n, is the number of grains completely within the test circle while n, is the number
of grains intersected by the test circle.
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