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Foreword

[SO (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 document should be noted. This document was drafted in accordance with the editorial rules of the
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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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Steels — Micrographic determination of the apparent grain size

WARNING — This document calls for the use of substances and/or procedures that may be injurious
to health if adequate safety measures are not taken. This document does not address any health
hazards, safety or environmental matters associated with its use. It is the responsibility of the user
of this document to establish appropriate health, safety and environmentally acceptable practices.

1 Scope

This documlent specifies micrographic methods of determining apparent ferritic or~austenitic grain

size in steels. It describes the methods of revealing grain boundaries and of estimating the
size of specjmens with unimodal size distribution. Although grains are three-dimensional i

metallograp
diameter of
a sample wit

2 Normg

There are nd

3 Terms

For the purp
[SO and IEC

IEC Elec

3.1 Grain

311
grain
closed polyg
sample, poli

Note 1 to enti

Note 2 to ent

Fhe grain, thus producing a range of apparent grain sizes on the twotdimensional p

ISO Online browsing platform: availableathttps://www.iso.org/obp

ic sectioning plane can cut through a grain at any point from a grain‘corner, to t}

h a perfectly consistent grain size.

tive references

normative references in this document.

and definitions
oses of this document, the following terms and definitions apply.

maintain terminology databases for use-in standardization at the following addresg

tropedia: available at https:/fwivw.electropedia.org/

onal shape with' more or less curved sides, which can be revealed on a flat section
bhed and prépared for micrographic examination

y: In 1SO.4885[11 grain is defined as “space lattice formed by atoms with regular intersticed".

FyIf any other constituent (e.g. pearlite) of similar dimensions to the grains of interest is

mean grain
h shape, the
e maximum

lane, even in

€s:

through the

present, that

constituent can be counted as grains of interest.

3.1.2

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

3.1.3

ferritic grain

crystal with

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

© IS0 2024 - All rights reserved
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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).

3.2.2
intercept
N

number of grains (3.1.1) intercepted by a test line, either straight or curved

Note 1 to entyy: See Figure 1.

Note 2 to en
intercept. N

ry: Straight test lines will normally end within a grain. These end segments are\colnfed as 1/2 an
s the average of a number of counts of the number of grains intercepted by the testlirfe applied randomly

at various lodations. N is divided by the true line length, Ly usually measured in millimegres, in order|to obtain the

number of gr

3.2.3
intersection
P

ins intercepted per unit length, N| .

number of ifjtersection points between grain (3.1.1) boundaries and dtest line, either straight of curved

Note 1 to entyy: See Figure 2.

Note 2 to entty: P isthe average of a number of counts of the number of grain boundaries intersected by the test line

applied rand

order to obta]n the number of grain boundary intersectionsper unit length, P, .

4 Symbdls

The symbols

used are given in Table 1.

Table 1 — Symbols

mly at various locations. P is divided by the trite line length, Ly usually measured in npillimetres, in

Symbols Definition Vhlue
a Mean area of grain in square millimetres a= 1
m
Ag True aredipf'the test box mm?
Ac True area of the test circle mm?2
Ag Appdrent area of the test figure in square millimetres —
a XA " " 3 211 4 7 1
IVITAdIl sl dIlll UIdIlITLTT 11T IITITTTITIC LI ©S u =
Jm
Diameter of the circle on the ground glass screen of the microscope or on a
. . . : 79,8 mm
D photomicrograph enclosing the image of the reference surface of the speci- )
men (area=5 000 mm?)
g Linear magnification (to be noted as a reference) of the microscopic image In principle 100
G Equivalent index of grain size G =log,m-3
Mean lineal intercept length, generally expressed in millimetres =1/ IVL =1/ FL
Iy Mean lineal intercept length for G = 0, in millimetres 0,32
Ly True length of the test line divided by the magnification, in millimetres —
a  The method for designating the direction conforms to ISO 3785[2l.

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbols Definition Value
m Number of grains per square millimetre of specimen surface in the area m = n/A¢
examined m=n./Ag
M Number of the closest standard chart picture where g is not 100 —
n, 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 diameter D —
N Mean number of grains intercepted per unit length L —
1\_1L Mean number of grains intercepted per unit length of the line N_L =N/ Ly
N, Number of intercepts per millimetre in the longitudinal direction? —
N, Number of intercepts per millimetre in the transverse direction? —
N, Number of intercepts per millimetre in the perpendicular direction? ~
5 Mean number of counts of the number of grain boundaries intersected by thel{*
test line applied randomly at various locations
B Mean number of grain boundary intersections per unit length of P _p
L testline L =P/l
Q Correction factor for non-standard magnification Q=2log, %j
a  The methgd for designating the direction conforms to ISO 3785[2],
5 Principle

This docums
size is deter

Nt is applicable to grain structures that have a unimodal size distribution. The ap
mined by micrographic examination of appropriately prepared sections of the spec

parent grain
men.

The following principal methods are available to obtain an index representing the mean value of the grain size:

a) compar
b) planime

c) intercep

All methods

son method using standard charts (see 7.2);

give comparable Tesults.

tric method counting graifis'to determine the mean number of grains per unit area

t method counting the number of grains or grain boundaries along a line of a k
(see 7.4).

(see 7.3);

nown length

© IS0 2024 - All rights reserved
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Y2 4 5 \6)\ %

Figure 1 — Example of intercept, N

Intercept, N] grain counts for a straight line on a single-phase’grain structure. Six intercepts and two line
segments ending within a grainequals 2 x 1/2 +6=7.

P

Figure 2 — Example of intersection, P

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.

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=98c8e6f706a6fb6b4179fe798aa2fc0c

ISO 643:2024(en)

6 Selection and preparation of the specimen

6.1 Testl

ocation

If the order, or the 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. 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 surface
can be randomly selected for the specimens with equiaxial grains. The polished surface shall be parallel to

the principa

NOTE M

6.2 Reves

The ferritic
solution], or

6.3 Reves

6.3.1 Gen

In the case (
an austeniti

phase austenitic stainless steels, the most commonly used’chemical etchants are glyceregia, Kall

(No. 2) and
60 % nitric g
Aqueous 10
nitric acid.

For other st
required:

— “Bechet
“McQua
grain ba
other m

NOTE
austenitic sta

“Kohn” method by controled oxidation (see A.3);

ax1s of deformation in wrought products, for the specimens with deformed grains

basurements of the grain size on a transverse plane will be biased if the grain shape-is hot e

ling ferritic grain boundaries

grains shall be revealed by etching with nital [ethanolic 2 % toc3,% (by volums
with another appropriate reagent.

ling austenitic and prior-austenitic grain boundaries

eral

f steels having a single-phase or dual-phase maihly austenitic structure (delta fery
" matrix) at ambient temperature, the grains shall be revealed by an etching solutig

Marble's reagent. The best electrolytic etch for single or two-phase stainless steel

icid at 1,4 V d.c. for 60 s to 120 s, as it reveals the grain boundaries but not the twin
% oxalic acid, 6 V d.c., up to 60 s, is’commonly used but is less effective than elect

bels, one or other of the methods specified below shall be used depending on the

Beaujard” method by etching with aqueous saturated picric acid solution (see A.2);

d-Ehn” method by carburization (see A.4);
undary sefisitization method (see A.7);

ethHods specially agreed upon when ordering.

quiaxial.

) nitric acid

ite grains in
n. For single
ng’s reagent
s is aqueous
boundaries.
rolytic 60 %

information

inless, see Annex A.

The first three methods are for prior-austenitic grain boundaries while the others are for austenitic Mn or

If comparative tests are carried out for the different methods, it is essential to use the same heat treatment
conditions. Results may vary considerably from one method to the other.

© IS0 2024 - All rights reserved
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7 Characterization of grain size

7.1 General

7.1.1 Characterization methods

The apparent grain size can be determined by three micrographic methods: comparison method, planimetric

method and

intercept method.

7.1.2 Formulae

The index is

defined by Formula (1):

m=8x2

This formulz:

G=log,1

NOTE Ar

7.1.3 Acc]1

In general,
methods all
obtained are

Due to the 1
and due to t
Therefore, fi
interval of t|
percentage 1
taking into 3
Annex D.

The method
size distriby
an average V
represent th

(;

| may be stated as Formula (2):
n—3

alternative system of grain size definition is known as the ASTM grain size (see C.2).

racy of the methods

he comparison method allows for an accuracy of @;5;5'the planimetric and interc
bw for an accuracy of 0,1, see Reference [3]. Forzcomparison between methods,
usually rounded to multiples of 0,5.

andomness of the spatial position in whicliZeach grain is cut through by the sect|
he measurement error, no determination of apparent grain size can be an exact m
br planimetric and intercept methods\it can be of interest to calculate the 95 9
he grain size measurement result anid adjust the number of fields inspected accd
elative accuracy, % RA, of counting corresponding to the uncertainty of +0,25 gra
ccount that for a symmetric error of G the % RA of the measured quantity is not sy

5 described in this documlent yield representative results for specimens with a uni

alue that likely has mo meaningful relationship with the various grain populations
e specimen on-average. ISO 1425041 may be the more appropriate standard for ch

these specinpjens, see AnyexE.

7.2 Comp

7.2.1 The

arison-method

image examined on the screen (or on a photomicrograph) shall be compared wit

e8]

(2)

ept segment
the indexes

oning plane
easurement.
h confidence
rding to the
n size units,
nmmetric, see

modal grain

tion. Applying them to specimens with bimodal (or more complex) size distributigns will yield

but may still
aracterizing

h a series of

standard charts presented in Annex B or overlays (using eye-piece graticules designed for grain size
measurement can be used provided these are traceable to national or international standards). The
standard charts at a magnification of 100:1 are numbered from -1 to 10 so that their number is equal to
the index G. Images for grain sizes -1 to 3 are included in the chart but when determining grain sizes in this
range it is recommended for reasons of accuracy to reduce the operating magnification of the microscope, in
combination with index conversion according to Table 2.

Using ASTM E112 charts gives substantially the same results as using the comparison charts of Annex B,

see C.2.4.

7.2.2 The standard chart with the grain size closest to that of the examined fields of the specimen can
then be determined. A minimum of three randomly selected fields shall be assessed on each specimen.

© IS0 2024 - All rights reserved
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7.2.3 Where the magnification g of the image on the screen or photomicrograph is not 100:1, the index G
shall be equal to the number M of the closest standard chart, modified as a function of the ratio of the

magnifications, as given by Formula (3):

g g
G=M+2log, -d—=M+6,64lg—2— 3
92 100 97100 (3)

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

© IS0 2024 - All rights reserved
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7.2.5 For the comparison method, if the difference between the maximum index G, ,, and the minimum
index G,;, determined is less than three (e. g. range from G = 6 to 8,5), compute the test result as the
arithmetic mean of the found indices. If the indices are calculated using Formula (3), the arithmetic mean is
to be calculated after the modification for non-standard magnification. If this condition is not fulfilled, the
operator may perform an additional series of at least six determinations of the grain size. If the difference
between the maximum index and the minimum index determined in this new series is less than three, then
compute the test result as the arithmetic mean of all determinations of both the first and second series.
If this latter condition is not fulfilled, note the spread and a comment on the findings in the final report.
Alternatively, ISO 14250 should be considered. For a more elaborate discussion on specimens of non-
unimodal distribution, see Annex E.

The calculated arithmetic mean of indices shall be rounded to the nearest multiple of 0,5.

7.3 Planijnetric method

7.3.1 Histprically a circle measuring 79,8 mm in diameter (Az = 5 000 mm?), see Fi wlas drawn or

superimpos¢d over a micrograph or a live image on a ground glass projection screen. magn{fication was
then adjusted so that the circular area contained at least 50 grains in order to mininiize the cornting error
associated with a circular test pattern. The following procedure and formulae agnification neutral.

AX

NOTE THe circle referenced an apparent size specifically at 100:1 magnificatkgn as perceived by anfoperator at a
microscope ulsing x10 oculars and x10 objective. This reference also was, and%i s, used in other applications such
as inclusion ajssessments. It is moreover a component of the recommended c ntric circle grid used inlthe intercept
method, as wgll as one of the reference circles used in the comparison met]@

However, mare recent tools like image software allow for optimk\iﬁg the combination of circle gliameter and
magnification to facilitate the count and to make sure that the nuniber of grains within the circle rea¢h at least 50.
Therefore, it §s no longer always relevant to reference a specific c&@ size at a specific magnification.

@)\ 14
— 13 15 :
) 11
4 5\ 16
10
9 3 1 7] 18 :
9 5 6
y i 28
A 27 8
7
%Qv 26 24\ 23 Y :
20 5
&?” A\ 25 21
S 0
|

D =79,8 mm
Ap=5000 mm?

Figure 3 — Evaluation of the number of grains in an area enclosed by a circle

© IS0 2024 - All rights reserved
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7.3.2 Two counts are made; the number of grains completely enclosed within the test circle of any given
size, n,, and the number of grains intercepted by the test circle, n;.

The total number of equivalent grains, n,, is calculated using Formula (4):

ng :ne+

The number

Ny
Ac

m

n

of grains per mm2, m, is calculated using Formula (5):

aran

where A. is th

7.3.3 The
and half ard
structure, b
number of g

the bias becpmes about 2 %.

7.3.4 Asin
square or at

First, it is ag]
and three-fg
the four cor
intercepted

Formula (6)

ng :ne+

planimetric approach assumes that on average, half of the grains on the test.oircl
outside test circle. This assumption is only fully valid along a straight-lin€ thr¢
It not for a curved line, including a circle. The bias created by this assumption incy
Fains inside the test circle decreases. If the number of grains within the'test circle i

hple way to avoid this bias, irrespective of the number of grains'within the test figu
ectangle (see Figure 4). However, the counting procedurehen shall be modified.

sumed that the grains on each of the four corners are,»on average, one fourth with|
urths outside. These four corner grains together equal one grain within the test i
ner grains, a count is made of the grains completely'enclosed by the test box, n,, an
by the four sides of the box, n;, (see Figure 4). The total number of grains is calq

(4)

(5)

e are within

ugh a grain
eases as the
s at least 50,

e, isto use a

in the figure
ox. Ignoring
d the grains
ulated as in

(6)

© IS0 2024 - All rights reserved
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C
E
40

%
b
H
\c

Figure|4 — Evaluation of the number of grains in anarea enclosed by a square or re¢tangle

7.3.5 The pumber of grains per mmZ, m, on the surface of the specimen is given by Formula ():
n
Ap

where Ay is the true area of the test bgxyused for counting.
7.3.6 Regdrdless of using a cirdle)or a box, the mean grain area, a, in mm? is calculated from Formula (8):

a= (8)

1
m

7.3.7 By agsumingd uniform geometrical grain shape, there are several ways to calculate 4 mean grain

“diameter”. Asstuming that all grains are square-shaped, the mean diameter, d , can be cal¢ulated with

Formula (9)
d=+a 9)

This is the diameter listed in Table 3.

A mean equivalent circle diameter, dg, can be calculated with Formula (10):

4a
dgc =\— (10)
T
NOTE The mean equivalent circle diameter is often referred to in literature as ECD.

© IS0 2024 - All rights reserved
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Assuming that all grains are hexagonal in a perfect honeycomb pattern, the mean vertex-to-vertex distance,

d,., , can be calculated with Formula (11):
8-a
d,,=,— 11
v-v 3\/§
and the mean distance between parallel sides, E, can be calculated with Formula (12):
—_— 2:a
dss =,\|—= (12)

7.3.8 A nominal value of m corresponds to each value of G. The values of m calculated by Formula (5) or

Formula (7)withi i i 0;5 stepsof &- b‘
Table 3 — Evaluation of number of grains as a function of various para’nl/gers
O
J
Number of grains, per square dil::;ltler Mean area lineal int]\g:?:pt lel@ub‘ Niean number of
. millimetre of grain ofgfain intercepts on
Grain m - a lor the
size indi- d 9\% measuring
s - Nominal 0 Limit values .li!le’ per
G ) Limit values Q millimetre or
N¢minal value ™ N
ralue from to mm mm2 m Q\/ from to L
(excl.) (incl)) ?\\ (excl.) (incl.)
-1 4 3,4 4,8 0,5 0,25 m 0,494 0,415 2,21
-0,5 57 4,8 6,7 0,42 0,18 \:0%(),381 0,415 0,349 2,63
0 8 6,7 9,5 0,35 0,125 A > 0,320 0,349 0,293 3,13
0,5 11,3 9,5 13,5 0,30 0,0\&@‘ 0,269 0,293 0,247 3,72
1 16 13,5 19,0 0,25 {.QRZ 5 0,226 0,247 0,207 4,42
1,5 22,6 19,0 26,9 0,21 \l \'\6,0442 0,190 0,207 0,174 5,26
2 32 26,9 38,1 0,'1.%0‘ 0,031 3 0,160 0,174 0,147 6,25
2,5 45,3 38,1 53,8 ’OS].A))‘ 0,022 1 0,135 0,147 0,123 7,43
3 64 53,8 76,1 ﬁ‘\ 0,125 0,015 6 0,113 0,123 0,104 8,84
3,5 00,5 76,1 109_0\ 0,105 0,011 0 0,0951 0,104 0,087 2 10,5
4 128 108 ,}ép 0,088 4 0,007 81 0,0800 0,087 2 0,073 4 12,5
4,5 181 152 O‘\ZI{S 0,074 3 0,005 52 0,067 3 0,073 4 0,061 7 14,9
5 256 215 C') - 304 0,062 5 0,00391 0,056 6 0,061 7 0,0519 17,7
55 362 3045) | 431 00526 | 0,00276 0,047 6 0,0519 0,043 6 21,0
6 512 W 609 0,044 2 0,001 95 0,040 0 0,043 6 0,036 7 25,0
6,5 724 @09 861 0,037 2 0,001 38 0,033 6 0,0367 0,0308 29,7
7 024-/ }‘ 861 1218 0,0313 0,000977 0,028 3 0,0308 0,0259 35,42
7 A)
7,5 Aa& 1218 1722 0,026 3 0,000 691 0,023 8 0,0259 0,0218 42,0
8 045 722 2435 0,622 +——0,000488——0,0200 0,021 60,0163 50,0
8,5 2896 2435 3444 0,018 6 0,000 345 0,016 8 0,018 3 0,015 4 59,5
9 4096 3444 4871 0,015 6 0,000 244 0,014 1 0,015 4 0,0130 70,7
9,5 5793 4871 6 889 0,0131 0,000173 0,0119 0,0130 0,0109 84,1
10 8192 6889 9742 0,011 0 0,000 122 0,0100 0,0109 0,009 17 100
10,5 11585 9742 13777 0,009 29 0,0000863 0,008 2 0,009 17 0,007 71 119
11 16 384 13777 19 484 0,007 81 0,000 0610 0,007 07 0,007 71 0,006 48 141
11,5 23170 19 484 27 554 0,006 57 0,000 043 2 0,005 95 0,006 48 0,005 45 168
12 32768 27 554 38968 0,005 52 0,000 0305 0,005 00 0,005 45 0,004 59 200
12,5 46 341 38968 55109 0,004 65 | 0,0000216 0,004 20 0,004 59 0,003 86 238

NOTE This table gives the values between the different parameters for equiaxed grains.
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Table 3 (continued)

Mean Mean
Number of grains, per square diameter | Mean area lineal intercept length Mean number of
millimetre f orai of grain 3
. orgrain > intercepts on
_Gr.'fun_ m 7 a lor — the
size indi- B, measuring
ces Nominal Limit val line, per
G Limit values orr}ma mitvalues millimetre or
Nominal value a7
1 U
value from to mm mm?2 mm from to
(excl.) (incl)) (excl.) (incl.)
13 65536 55109 77 936 0,00391 | 0,0000153 0,003 54 0,003 86 0,003 24 283
13,5 92 682 77936 110 218 0,00328 | 0,0000108 0,002 97 0,003 24 0,002 73 336
14 131072 110 218 155872 0,00276 |0,00000763| 0,00250 0,002 73 0,002 29 400
14,5 185 364 155872 220436 0,00232 [0,00000539| 0,00210 0,002 29 0,001 93 476
15 262 144 220436 311744 0,00195 |0,00000381| 0,00177 0,001 93 0,001 62 566
15,5 370728 311 744 440872 0,001 64 |0,00000270| 0,00149 0,001 62 0,001 B6 673
16 524288 440872 623 487 0,00138 [0,00000191| 0,00125 0,001 36 0,001 15 800
16,5 741 455 623 487 881 744 0,00116 |0,00000135| 0,00105 0,001 15 0,000 964 951
17 1048576 881 744 1246974 | 0,000977 |0,000000954| 0,000 884 0,000 964 0,000 811 1131

NOTE This table]gives the values between the different parameters for equiaxed grains.

7.4 Inter¢ept method
7.4.1 Genpgral

7.4.1.1 Copnt the number of grains intercepted, N, or the iumber of grain boundary intersections, P, with
a test line of a grid of test lines of known true length LyThe count may be performed usingfa projection
screen, a retjicle, a video monitor or a photomicrograph\of the specimen.

7.4.1.2 The testline may be straight or circularThe test grid in Figure 5 shows the types of rqcommended
test lines.

7.4.1.3 Thg line or grid of lines shall be\applied only once to the field examined. It is applied 4t random to
an adequatelnumber of fields to obtain.a valid count for N or P.

Figure 5 shqws a test pattern that can be used to measure grain size by the intercept method, and which
is scaled to be convenient fof-g'= 100. The three concentric circles have a total line length of 500 mm; their
diameters are 79,58 mm,-53,05 mm and 26,53 mm. A circular test grid averages out variations|in the shape
of equiaxed grains and ayveids the problem of lines ending within grains. Figure 5 also has four sfraight lines:
two oriented diagondlly, one vertically and one horizontally. Each diagonal line has a length of 150 mm while
the horizontal and"ertical lines are each 100 mm long. The straight lines will also average oyt variations
in the shapd of/equiaxed grains. Alternatively, if the degree of grain elongation is of interest, grain counts
can be madd using only the vertical and horizontal lines (separately) when they are aligned so that one line
is parallel to the deformation axis (and the other line is then perpendicular to the deformation axis) on a
longitudinally-oriented polished plane [see 7.5, ¢]].
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Straight ling
method (see

7.4.1.5 The true total length of the grid of lines L; is the measured length divided by the mag

Lrcanalsob

7.4.2 Lind

7.4.2.1 The pattern 6fstraight lines shown in Figure 5 is recommended. The magnification|

selected so
shall be assd

NOTE If

gure 5 — Recommended measurement grid for the intercept segment methods

s indicate the linear intercept smmethod (see 7.4.2) and circles indicate the circu
7.4.3). These methods should be'used separately.

e calculated using a scale’bar or a software calibration factor.

ar intercept méthod

hat at least 50 intercepts are obtained in any one field. At least five randomly sé
ssed with a total number of intercepts of at least 250.

heé grain size of the specimen requires the magnification to be changed in order to achievg

ar intercept

Inification g.

g should be
lected fields

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.

7.4.2.2 The following rules apply to intercept and intersection counts of single-phase grain structures
using straight test lines:

a) when the number of intercepted grains, N, is counted:

— ifatestline goes through a grain, N is 1;

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

— ifatestline is tangential to a grain boundary, N is 0,5.

© IS0 2024 - All rights reserved
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e number of grain boundary intersections, P, is counted:

if a test line passes through a grain boundary, P is 1;
if a test line is tangential to a grain boundary, P is 1;

if a test line intersects a triple point, Pis 1,5.

(high-speed steels).

7.4.3 Circ

7.4.3.1 Thepattern of circles shown in Figure 5 is recommended

ular intercept method

The “Snyder-Graff” method, described in C.1, Annex C, represents a linear intercept method for tool steel

7.4.3.2 ThL measuring line consists either of a set of three concentric circles as shown in(Figuj

single circle

7.4.3.3 Th
when the md
shall be assd

74.3.4 In
should enab
with a total

74.3.5 Th
thus slightly
caused by a
intercept mg

7.4.4 Assd

7441 Co
at random.
value, the m¢

}_’L ,is calcul

e magnification or diameter of the circle should be selected so that there-are 40 to J
asurement grid is superposed on the field to be examined. At leastfiye randomly se
ssed with a total number of intercepts of at least 250.

the case of a single circle, the largest circle is used. In this)case, the magnificatio
e at least 25 intercepts to be counted. At least five randomly selected fields shall
humber of intercepts of at least 250.

underestimate the number of intersections.-In order to compensate for this, the i
triple point shall be counted as 2 intersections instead of 1,5 as is the case wif
thod.

pssment of results

ints of the number of intereepts, N, or intersections, P, are made on a number of fi

he mean value of the nimber of intercepts, N, or intersections, P, is calculate
pan number of interceptsper millimetre, N| , or the mean number of intersections pe

hted using Formulde«{13) and (14):

Ly

e 5 or of one

0 intercepts
lected fields

h to be used
be assessed

e circular intercepted segment method tends to slightly overestimate intercepted values and

htersections
h the linear

blds selected
. From this
I millimetre,

(13)

(14)

B, =P/
7.4.4.2 For

dWA cocn Af o Aoiioond ooty oba b g Ao aad maada ~f+hha s r of s
1IUl1

tercepts, N,

acaca of o aoiioond oty obaerat eecan lha ba
LIIC CAdoC Ul 11IVUIT L/l/lbllaA\,bl Sl dIlIT STIUutiuUuIr vy, CUUILILS LAIl UL TIIduT Ul UIIC TITUIIiucT

or intersections, P, with straight test lines oriented parallel to the three principal directions. These three
directions can be found on any two of the three principal test planes (longitudinal, transverse and planar).

7.4.4.3 The mean number of intercepts per millimetre, Ny, or the mean number of intersections per

millimetre, P, is determined from the cube root of the product of the three measurements, according to
Formulae (15) and (16):

IVL :(NLX XNLY XA_]LZ

)1/3
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15

(15)


https://standardsiso.com/api/?name=98c8e6f706a6fb6b4179fe798aa2fc0c

ISO 643:2024(en)

)1/3

(16)

where the bars above the quantities indicate that they are the arithmetic means of a number of measurements

and x, y, and

z indicate the principal directions (longitudinal, transverse and planar).

7.4.4.4 Calculate the mean lineal intercept length I from N or P, as defined in Table 1.

7.4.4.5 Calculate G using Formula (17) or determine G according to Table 3.

7.4.4.6 Because there is no exact relation between G and the mean lineal intercept length [ in millimetres,
the relationship is defined to be as stated in Formula (17):

G=2log

74.4.7 Th

length can b

1=d/8l

lo
1l -3,288-2log,l

e relationship between the mean grain diameter shown in Table 3 and the mean lin

7.5 Othen methods

In special caj

Grains
to two 0
of great

a)

b) Twinne

ses, other methods can be used, for example:

tf different size indices: in certain cases, the specimen examined may include grai

more different systems of size indices. Thisican be recognized by the presence of s4
y differing dimensions from those of the whole, e.g. see Annex E and ISO 14250.

are ignored (see Figure 6).

Non-eq

in the d

directio

or the al

d)

materia
correlat

Modern
electron

hiaxed grains: the grain shape:-can be expressed by dividing the mean lineal inte
eformation direction by the'mean lineal intercept length perpendicular to the
h using a longitudinally(orieénted test specimen. This is referred to as the grain elon
pisotropy index.

methods of grainSize measurement: such as ultrasonic methods, automatic im
backscatter diffifaction (see ISO 13067(2]) etc., can be used to measure grain size

101,

(17)

bal intercept

e derived from Formula (17) using Formulae (8), (9), and (1) and is.shown in Formufla (18):

(18)

hs belonging
veral grains

d grains: unless otherwise specified;these are counted as a single grain, that is, twin boundaries

rcept length
deformation
gation ratio,

hge analysis,
bf applicable

s providing that the accuracy of the methods has previously been proven by an exflensive cross
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4 % -
\
AV \

Nl

S

hluation (i.e.

value of the

8 Testrgport $®

The test repprt shall contain the following information:‘.s\e'

a) areference to this document, i.e. ISO 643: 202@,

b) specific$ for identifying and tracking th@ample (e.g. heat, cast, lot, unknown);

c) type of grain determined; @ )

d) method|used, standard chartsG)sed (if applicable), operating conditions, method of ev
manual pr automatic imag lysis);

e) grainsize index, or, w \xplicitly specified, the average number of grains per mm? or the
mean sggment in le_

f) any devlations the procedure;

g) anyunu suaK&a‘tures observed;

h) the date'efthetest
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Annex A
(informative)

Methods for revealing austenitic or prior-austenitic grain boundaries
in steels

A.1 Overview

Table A.1 gives a summary of methods for revealing ferritic, austenitic or prior-austenitic grain boundaries
in steels.
Table A.1 — Summary of methods for revealing ferritic, austenitic or prior:atistenitic grain
boundaries in steels
Applicable steels
« . Steels with martensitic, tempered martgnsitic or
The "Bechet-Beaujard” etch method (see A.2) bainitic structures that contain = 0,005 % phosphorus
Thg “Kohn” oxidation method (see A.3) Nomsalloyed and low-alloy steel
The “McQuaid-Ehn” carburizing method (see A.4) )
— Case-hardening steels
Theg mock carburizing method (see A.4)
Coarsé:grained non-alloyed steels with betyeen 0,26 %
The proeuflectoid ferrite delineation method (see A.5) and 0,6 % carbon; also low-alloy steels|such as

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

Cr-Ni

The bairite or gradient quench method (see A.6)

Coarse-grained steels of approximately ¢

carbon content, i.e. 0,7 % to 0,8 % cajrbon

utectoid

The grain

boundary sensitization method (see*Av7)

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

ss steels
h

The que

nching and tempering method (see A.8)

Non-alloyed steels

a  Austeniti

Mn steels will precipitate a fine ¢arbide aggregate at the grain boundaries when aged between 550

PC and 600 °C.

A.2 “Bechet-Beaujard” method by etching with aqueous saturated picric aci

solution

A.2.1 Fielfd of application

This method

0,005 % P.

reveals prior austenitic grains formed during heat treatment of the specimen. It
to specimenfs which have a martensitic or bainitic structure. For this etch to work, there sha

d

is applicable

I be at least

A.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 specimen are not provided for by the standard defining the product and
there is no specification to the contrary, the following conditions can be applied in the case of heat-treated
structural non-alloyed steels and low-alloy steels:

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

© IS0 2024 - All rights reserved
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1,5 h at (880 + 10) °C for steels whose carbon content is less than or equal to 0,35 %.

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

A.2.3 Polishing and etching

A flat specimen 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 atleast 0,5 % sodium

alkylsulfona

NOTE

te or another appropriate wetting agent.

can improve the etching action and reduce etching time.

The period of etching can vary from a few minutes to more than one hour. Heating of the solution to 60 °C

Several successive etching and polishing operations are sometimes necessary to ensure a sufficient contrast

between the
tempering nj

WARNING -
solution bo]

A.2.4 Res

The prior-ay

A.3 “Koh

A.3.1 Fiel

This method
during auste

A.3.2 Prej

One surface
specimen sh
is circulated
specified by

At the end of

The specim
microscope.
NOTE Th

The oxide a
abrasive, tal

grain boundaries and the general base of the specimen. In the case of through-hai
lay be carried out before selecting the specimen.

— When heating solutions containing picric acid, caution shall be-taken t
ling dry as picric acid can become explosive.

hlt

stenite grain boundaries shall be immediately apparent on micfoscopic examinatid

h” method by controlled oxidation

( of application

shows up the prior austenitic grain pattern fermed by preferential oxidation of th¢
nization at the temperature of a given heat\treatment.

paration

of the specimen shall be polished.,The rest of its surface shall not show any traces
all be placed in a laboratory furnace in which either a vacuum of 1 Pa is attained, oy

(e.g. purified argon). Heattreat the specimen in accordance with the austenitizin
the customer, or as defined’by the standard governing the product.

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

b shall then beZwater-quenched. The specimen can usually be directly exami

e oxidatién)method can be done without the inert atmosphere.

Hhering to the previously polished surface should be removed by light polishing
Kihg care that the oxide network which has formed on the grain boundaries is re

dened steel,

p avoid the

n.

boundaries

bf oxide. The
aninert gas
g procedure

10 sto 15 s.

ned using a

with a fine
tained; then

the polishin
reagent:

sShould be completed by the usual methods. T e specimen should then be etched u

1 g of picric acid;
5 ml of hydrochloric acid;
100 ml of ethanol.

A.3.3 Result

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

sing Vilella's

If the preparation is applied out correctly, no oxide globules should appear at the grain boundaries.
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In certain cases, it may be necessary to use oblique illumination, or differential interference contrast (DIC)
methods, to show up the boundaries in better relief.

A.4 “McQuaid-Ehn” method by carburization

A.4.1 Field of application

This is a method specifically developed for case-hardening steels and shows up prior austenitic grain
boundaries formed during carburization of these steels at temperatures of 915 °C to 960 °C. It is not usually
suitable for revealing grains actually formed during other heat treatments.

NOTE

treatment but without a carbon-rich atmos

Beaujard rea

A.4.2 Pre

The specim
cold, hot, m

shall state t
account theq

After carbur
boundaries

Carburizatid
done by kee

here. It is then heat-treated as the product would
ent is used to reveal the grain boundaries, see A.2.

aration

ns shall be unaffected by decarburization or surface oxidation. Any;pfior treat
chanical, etc., may have an effect on the shape of the grains obtained;\the product
e treatments to be carried out before determination in cases whére it is advisable
e considerations.

izing, the specimen shall be cooled at a rate slow enough/te‘precipitate cementite
n the hypereutectoid surface region of the carburized specimen.

n shall be achieved by maintaining the specimen at915 °C to 960 °C for 6 h. Thig
ping the carburizing chamber at 915 °C to 960_°@for 8 h, including a pre-heating

The “mock carburizing” procedure can also be used. The specimen is subjected to the same thermal
be treated. The Bechet-

Iment, either
specification
to take into

at the grain

is generally
period. For

case hardenjing steels the temperature shall be (950 = 10) ?C. For other steel grades the temperature can

be between
approximatg
the cementit

Fresh carbu

A.4.3 Spe

The carburis
micrographi

a) “Le

915 °C to 960 °C depending on carbon and, alloy content. In most cases, a carbur
ly 1 mm is obtained. After carburizing, coolthe specimen at a rate slow enough tg
e is precipitated at the grain boundariesof the hypereutectoid zone of the carburiz

izing compound shall be used each®ime.

Cimen preparation

ed specimen shall be seetioned normally to its surface. One of the sections shall be
c examination and etehed using either a) or b).

Chatelier and Igéwski” reagent (alkaline sodium picrate):

— picric-acid 2g

sodium hydroxide 25g

100 ml

water

zed layer of
ensure that
ed layer.

prepared for

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

b) Nit

al:

nitric acid 2mlto5ml

ethanol

to make up to 100 ml

Other reagents may be used as long as the same results are obtained.
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A.4.4 Result

The prior-austenite grain boundaries in the hypereutectoid carburized surface layer will be delineated by
proeutectoid cementite.

A.5 Proeutectoid ferrite method

A.5.1 Principle

This method is suitable for non-alloyed steel with about 0,25 % to 0,6 % carbon and for low-alloy steels such
as manganese-molybdenum, 1 % chromium, 1 % chromium-molybdenum and 1,5 % nickel-chromium. The
prior-austenitic grain boundaries are revealed as a network of proeutectoid ferrite.

A.5.2 Prej

Use the aus
hardenabilit

paration

enizing conditions as given in the product standard. In the case of non-allpyed
y steel, either air cool, furnace cool or partially transform isothermally the-specim

manner as t¢ outline the austenitic grain boundaries with ferrite.

In the case
appropriate

NOTE1 TH

of alloy steels, after austenitizing, partially transform isothermally the spec
temperature within the range 650 °C to 720 °C and then water quench.

e time required for transformation will vary according to the“steel, but usually sufficie

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

NOTE2 Fo
isothermal tr

A.5.3 Poli
Section, poli

etchant such

A.6 Baini

A.6.1 Prin
This method

0,7 % by m§
pearlite or b

A.6.2 Prej

Heat the spg
completes it

r alloy steels, a specimen 12 mm x 6 mm x 3 mm is suitable.to obtain uniform transformati
Patment.

shing and etching
sh and etch the specimens for micrographic examination. Etch the specimens wi

as hydrochloric acid and picric acid, (Vilellas’ reagent).

te or gradient-quench method

ciple

| is suitable for steels of approximately eutectoid composition, i.e. having a carbd
1ss or higher. The*boundaries of the prior-austenitic grains are revealed by a net
pinite outliningthe martensite grains.

paration

cimeéprto a temperature not more than 30 °C above A¢; (i.e. the temperature at v
5 transformation to austenite during heating) to ensure full austenitization.

br other low
bns in such a

mens at an

ht ferrite has

on during the

th a suitable

n content of
work of fine

vhich ferrite

Cool the specimen at a controlled rate to produce a partially hardened structure of fine pearlite or bainite
outlining the martensite grains.

This structu

a)

re may be produced in one of the following ways:

will fully harden at the surface but only partially harden in the centre;

by completely quenching in water or oil, as appropriate, a bar of cross-sectional dimensions such that it

b) by gradient quenching a length of bar, 12 mm to 25 mm diameter or square, by immersing it in water for
a part of the length only.
Then polish and etch.
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A.7 Sensitization of austenitic stainless and manganese steels

The grain boundaries may be developed through precipitation of carbides by heating within the sensitizing
temperature range, about 480 °C to 700 °C (900 °F to 1 300 °F). Any suitable carbide-revealing etchant can
be used.

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

A.8 Other methods for revealing prior-austenitic grain boundaries

For certain steels, after simple heat treatment (annealing or normalizing, quenching and tempering, etc.),
the pattern of the austenitic grains may appear in the following forms under micrographic examination: a
network of proeutectoid ferrite surrounding pearlite grains, a network of very fine pearlite surrounding
martensite grains, etc. The austenitic grain may also be revealed by thermal etching undex yacuum (not
necessarily followed by oxidation). The product specification shall mention these simplified| methods in
these cases.

NOTE Arhongst these methods are the following:
— precipitdtion on the grain boundaries during cooling;

— gradient|quenching method, etc.
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Annex B
(normative)

Determination of grain size with standard comparison charts

Figures B.1 to B.22 have been created using actual micrographs and subsequently checked using round
robin comparisons and manual planimetric counting. Figures B.1 to B.22 were taken setting the optical
magnification to 100:1. The reference circle corresponds to 0,5 mm?2 on the sample surface. Its diameter
is thus 798 pum, but for practical purposes a diameter of 800 um is acceptable. At 100:1 magnification, the
printed circlemeasures 79,8 mm. When working with dilferent magnitications grain size ingek conversion
according td Table 2 applies. Grain size charts are given from 0 to 10 in 0,5 size steps andini|addition for
grain size -1

NOTE For custom-scaled printouts, TIFF images of the standard comparison charts arg.available [from https://
standards.isd.org/iso/643/ed-5/en.

100 pm

Figure B.1 — Grain size -1
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100 ym
—

Figure B.2 — Grain size 0

100 ym

Figure B.3 — Grain size 0,5
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100 pm

Figure B.4 — Grain size 1

100 pm

Figure B.5 — Grain size 1,5
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100 pm

Figure B.6 — Grain size 2

100 pm

Figure B.7 — Grain size 2,5
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Figure B.13 — Grain size 5,5
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Figure B.14 — Grain size 6

— Grain size 6,5

Figure B.15

ed
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Figure B.16 — Grain size 7
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Figure B.17 — Grain size 7,5
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Figure B.19 — Grain size 8,5
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Figure B.21 — Grain size 9,5
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Figure B.22 — Grain size 10
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Annex C
(informative)

Evaluation method

C.1 “Snyder-Graff” methodl®l

C.1.1 Fiel

d of application

This method is used for determining the prior-austenitic grain size of hardened and tempere(Il high-speed

steels by mepns of the linear intercept method.

C.1.2 Preparation

The specimgn, taken from the product that is usually in the hardened and tempered conditi
receive any $upplementary heat treatment.

After being polished, the specimen shall be etched using nital containing up to 10 % by voly
acid in ethanol. Etch the specimen long enough to clearly reveal the/prior-austenitic grain
essive polish/etch cycles may be necessary. The surface.of the specimen is more or less coloured

Several succ
depending o

C.1.3 Meas

Under a mag
counted. Fiv|

C.1.4 Res

Unless spec
characterizg
intercepted

determined.

C.2 Alter

C.2.1 Gen

In addition t
in the USA.

I the type of heat treatment undergone by the produet)

suring

nification of 1 000:1, the number of grains intércepted by a measuring line 125 mm
e counts shall be carried out in different-directions in fields selected at random.

1t

fied to the contrary, the arithmetic mean of the number of grains intercepted ir
s the grain size. This valte multiplied by 1,6 corresponds to the mean numb
per unit length of the line’/ N| . From that value, the mean intercepted segment

native systémof grain size definition

leral

p the grain size definition system described in this document, there is one other sy

bn, shall not

me of nitric
boundaries.

long shall be

five counts
er of grains
br G may be

tem, as used

This system (see ASTM E112[3]) defines the grain size by an index G, known as the ASTM grain size, as shown

in C.2.2 and

C.2.3.

C.2.2 Mean intersected segment method

Index G (ASTM) = 0, corresponds to a mean intersected segment of 32,0 mm measured at a magnification

of 100:1.
The formula

— themea

giving the other indices as a function of

n intersected segment is given by Formula (C.1):
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G(ASTM)=-3,2877—2log, |

— the mean number of intercepts per unit length (mm) is given by Formula (C.2):

G(ASTM)=-3,2877-2log, N,

C.2.3 Count method

By definition, index G (ASTM) = 1 corresponds to 15,5 grains per unit area (square millimetre).

€.1)

(C.2)

The formula giving the other indices as a function of the number of grains per unit area (square millimetre)

is given by Formula (C.3):

G(ASTM

C.2.4 Numerical ratios between the various grain size indices in the case ofregulg

structures

)=-2,9542+log, m

(€.3)

r

The ASTM index gives a grain size slightly larger than the one defined by this.déecument, but the difference

does not re:
generally be

Formulae (2
G=-3+

Comparing t

G(ASTM

This is the

ASTM E112

magnificatia

Because the
two standar
negligible in
losing comp

For the inter
As mentione

NOTE Ay
methods) as

ich one twentieth of an index unit. This is negligible, as the estimation of grain
accurate to more than one half a unit under even the most favourable conditions.

) and (3) may be written as Formula (C.4):

0g, m

his formula with Formula (C.3) shows that, as'given by Formula (C.5):
)-G=0,0458

computed difference between the’planimetric methods as defined in this do
It is well within the deviation that arises from permissible deviations in
n as stated in ISO 8039(7],

human eye is unable todetect such a small difference reliably, the comparison mg
ds yield comparable/results. Furthermore, because such a small difference in gra
fluence on the matérial properties, the ASTM E112 comparison charts may also be {
iance with this decument.

cept methodythere is no difference between the standards, as both standards use |

arguiment can be made for I, = 0,315 mm (consistent difference between the standar
vell as for /) = 0,313 mm (for / defined as [ = d), but to make it easier for the users of both s

size cannot

(C.4)

(C.5)

cument and
microscopic

thods of the
n size has a
1sed without

h = 0,32 mm.

d in 7.4.4:6,‘there is no exact relation between G and the mean lineal intercept length L

s across the
tandards and

to stay consi

tent with past editions of this document I(; = 0,32 mm was upheld in this document
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Annex D
(informative)

Calculation of grain size and confidence interval

ral

The calculation methods include the planimetric method, intercept method and intercept length method.

For the planimetric method, an uncertainty of +0,25 grain size units corresponds to the|xg
17,2 %)} For the intercept method and intercept length method, an uncertainty of +0,25 grz
correspondq to the relative error E,; = 8,6 %. Thus, it is stipulated as follows: for the planimetr

E

rel =

E

r

o> 17 %,

method, if E}, > 8,5 %, more fields should be measured until E,

The planimeftric method and intercept method are applicable for the determination of grain size

with unimo
determinati
grains), base
more fields
the average

For the plan
nonuniform
this case, ob

use single-circle method or intercept length method to-calculate different grain size numbers.

The intercep
distribution

D.2 Calcy

D.2.1 For't
calculating t

Calculate th

X=

n

x|

ore fields should be measured until £, <

17 %; for the intercept method-and intg
<8,5 %.

rel

al and relatively uniform grain size distribution. Five representative fields are ch
bn of the initial values (the number of intercepts, the numbet of intersections or th
d on which the relative error, E_, is calculated. If E is higher than the above stip
vill be measured until E; is equal to or smaller than thedabove stipulated value, th

brain size number.

imetric method and intercept method, the calgulation has a confidence interval
grain size may result in a too high relative erroror too big confidence limit of the §
serve the whole specimen comprehensivelyrand calculate the nonuniform areas g

t length method is applicable for determination of grain size of specimens with non
see Annex E.

lation method

he intercept method and planimetric method, at least five representative fields ar
he number of interséctions or the number of grains.

> mean value-9flV, or I from the individual field values according to Formula (D.1)

presents an individual value, X is the mean and n is the number of measurements.

plative error
in size units
ic method, if
rcept length

fspecimens
osen for the
e number of
1lated value,
en calculate

(range). The
brain size. In
eparately or

Liniform size

e chosen for

(D.1)

where X; re

D.2.2 Calculate the standard deviation according to Formula (D.2):

n-1

where s is the standard deviation.
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