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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-governm

ental, in_liaison _with ISO, also take part in_the work. ISO collaborates closely with the

International
International
The main tag
adopted by

International

Attention is d
rights. 1ISO sH

ISO 945-1 was prepared by Technical Committee ISO/TC 25, Cast irons and’pig irons.

Together wit
technically r
photomicrogr
ISO 945 cons
— Part1: @

Graphite clag

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

k of technical committees is to prepare International Standards. Draft International Standards

he technical committees are circulated to the member bodies for votingy“Publication a&s an

all not be held responsible for identifying any or all such patent rights.

raphite classification by visual analysis

sification by image analysis will be\thie subject of a future Part 2.

Standard requires approval by at least 75 % of the member bodies casting-a vote.

ists of the following parts, under the general.titl€ Microstructure of cast irons:

rawn to the possibility that some of the elements of this document may be the subject of patent

ISO 945-2, this first edition of ISO 945-1 cancels and*replaces ISO 945:1975, which has|been
vised to take into account the expanding range-‘of cast-iron alloys available. In addition,
aphs have been included together with schematic,images to aid classification.
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Introduction

Microstructure designation is a useful feature that provides a means of classifying the graphite form,
distribution and size in cast irons.

Graphite classification by visual analysis is a well-established method which is well recognized within the
foundry industry as a means of quickly determining the overall graphite microstructure of a cast-iron casting.
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Microstructure of cast irons —
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Graphite classification by visual analysis
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part of ISO 945 specifies a method of classifying the microstructure of graphite in g
arative visual analysis.

urpose of this part of ISO 945 is to provide information about the method.of graphite clas
articular material grade is specified by results from tensile tests.or hardness testing and, i
hitic cast irons, by their chemical composition. The interpretation of graphite form and s
a statistically valid statement on the fulfilment of the requirements specified in the relg

ard. The structure of the metallic matrix (e.g. ferrite, pearlite) has a significant effect on
rties. Such an interpretation is not the purpose of this part of ISO 945.

beneral

Designation system for classifying graphite in cast irons

cast-iron materials are examined-under a microscope in accordance with this part of
ite shall be classified by

s form, designated by Roman numerals | to VI (see Figure 1 and Annex A);

s distribution, desighated by capital letters A to E (see Figure 2 and Annex B); the graphi
esignation is only_specified for grey cast iron (form 1);

s size, designated by Arabic numerals 1 to 8 (see Figures 3, 4 and 5 and Table 1).

Figures 1 to 5 show only the outlines and not the structure of the graphite.

ast irons by

bification. It is

tended to give information on the suitability of cast-iron types and grades’for any particular application.

h the case of
ize does not
vant material
the material

ISO 945, the

e distribution
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FORM

Figure 1 — Principal graphite forms in cast-iron materials — Reference images
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DISTRIBUTION
Magpnification x100

Figure 2 — Reference images for graphite distribution (form I)

© 1SO 2008 — All rights reserved 3


https://standardsiso.com/api/?name=2fbf880b5d71e00eab68c185775d0d83



https://standardsiso.com/api/?name=2fbf880b5d71e00eab68c185775d0d83

ISO 945-1:2008(E)

SIZE

Magpnification x100
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b) Sizes 5to 8

Figure 3 — Reference images for graphite size (formI)
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SIZE

Magnification x100

a) Sizes3to 6

Figure 4 — Reference images for graphite size (forms IV to VI)
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Magpnification x100

b) Sizes 7 and 8

Figure 4 — Reference images for.graphite size (forms IV to VI)
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Figure 5 — Reference images for graphite size (form Ill)
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Figure 5 — Reference image for graphite size (form lll)

2.2 |Visual classification of graphite

The feference images given) in Figures 1, 2, 3, 4 and 5 provide a basis for classifying graphite forms,
distribution and size. TheZcharacteristic features of the graphite which occur are designated Ry letters and
numerals. For this purpose, microstructures of graphite are arranged in a series of reference images
consisting of schematic microstructures and photomicrographs of cast-iron microstructures. Thergfore, among
the images representing the size of the graphite, those for graphite form Il (vermicular) in Figure |5 correspond
to acfual structures with the matrix removed. Those for graphite form | in Figure 3 and for grapghite forms IV
to VI [n Figure 4 are fully schematic.

The form), distribution and size of the graphite observed are determined by comparison with the reference

images and the allocation of the same classification as that of the images that resemble them most closely.
This method permits quick identification of the graphite form.

NOTE The comparison of actual microstructures with schematic images or photomicrographs depends on the
subjective impression of the metallographer.
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3 Sampli

3.1 Samp

ng and preparation of samples

les taken from a casting

When taking samples from a casting, it is essential that attention be paid to the location, to the wall thickness,
to the distance from the surface and to the presence of chills. The location of the sample in the casting shall

be recorded i

n a report.

If more than one casting is examined, the samples shall be taken from the same location in each casting for
the purpose of comparability.

The location
stated in the

3.2 Samp

The area of

Attention shd
appear in th
unacceptablg

the manufact

The examina

4 Procec

4.1 Proce

The polished

examined. Tq

necessary, t
distribution o

Annexes A, H
images in Fig

size shall onl

Other magnif]

Examination

projection on
preferably hg

particles can

Form and dis
(see also A

bf the metallographic specimen shall be agreed between the manufacturer and the purchas
relevant material standard.

e preparation

the polished surface shall be sufficient to give a true representation of theygraphite stru
Il be paid to the careful grinding and polishing of the samples, so that'the graphite pa
eir original form, size and distribution. Inappropriate grinding and“polishing can caus
alteration of the microstructure. If necessary, the method of polishing may be agreed be
urer and the purchaser.

tion of the graphite under the microscope is usually carried out on the unetched polished se

ure for graphite classification

dure for visual classification of graphite

samples shall be scanned under a microscope in such a manner that a representative a

er, as

cture.
ticles
e an
ween

ction.

rea is

examine the graphite form and distribution, a x100 magnification should preferably be cho
ne magnification may be adapted jin relation with the wall thickness so that the for

ures 1 and 2 before classifying the graphite form and its distribution, if appropriate. The gr.
y be determined by reference to Figures 3, 4 and 5 and Table 1, preferably at x100 magnifi
cations are permitted (see Table 1, Notes 1 and 2, as well as 5.4).

under the miefoscope shall be carried out by direct observation in the microscope
the ground<glass of the microscope or on a visual display screen. The field of view g

be facilitated by the use of suitably calibrated eye-pieces.

tribution of graphite shall be determined by using the reference images, given in Figures 1

ben. If
and

[ graphite can be determined by’ using the reference images given in Figures 1 and 2 (se¢ also
and C). Adjust the microscdpe ‘magnification to match as closely as possible the correspgnding

phite
cation.

pr by
hould

ve approximately the same size as the reference images. The measurement of the graphite

and 2

nexes A, B and (‘) Adjllef the mir‘rner‘npn m:\gnifir\afinn to_match as r‘lnenly as pneeih

e the

corresponding images in Figures 1 and 2 before classifying the graphite form and its distribution, if appropriate.

If the microstructure is visualized on a visual display screen, the combined magnification of both microscope
and screen (depending on its size) shall be taken into account.

4.2 Evaluation of the analysis results

The evaluation of the analysis results shall be carried out by an operator trained in this metallographic

technique.

10
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5.1

ISO 94

Reference images

General

5-1:2008(E)

A series of reference images (see Figures 1 to 5) showing schematic microstructures and photomicrographs is
provided for the classification of the form, distribution and size of the graphite in cast iron.

In addition to reference images, the photomicrographs show actual graphite microstructures (see Annexes A
and B).

5.2

The ¢
also I

NOTE

Reference images for graphite form

The lfference images for the graphite form (see Figure 1) show six characteristic forms whicha
by th
in cas

Roman numerals | to VI (see also Annex A). These represent the principal types of grap
t-iron materials. Annex C gives the common terminology and the occurrence of these types

raphite forms are specified in the relevant material standards. Percentages of these graph
e specified by these standards, e.g. in the case of compacted (vermicular) graphite cast iro

ASTM A 247 designates graphite forms in the reverse order compared to-this part of ISO 945

necespary to specify the test method used to classify the graphite form.

5.3

Reference images for the distribution of graphite (forml)

The tfeference images for the graphite distribution (see Figure.2) show characteristic graphite

desighated by the letters Ato E.

In addlition to reference images, the photomicrographs show actual graphite microstructures (see
A va]:ant of distribution C, designated C’, has beéw included in Annex B. This distribution cg
thin-walled castings.

5.4 |Reference images for graphite size

Figures 3, 4 and 5 shall be used to determine the graphite size. By agreement between the man

the p

irchaser, Table 1 may be used in addition. For x100 magnification, sizes are indicated rz

maxirhum size of the particle of->_ 100 mm (size 1) down to < 1,5 mm (size 8). The size ranges ¢
size neference numbers 3 to_7%inclusive are based on an average particle size which is half tha

sizer|

If negessary, different-size ranges may be agreed upon.

NOTH

Sizes 1-and 2 have no practical application for graphite forms lll to VI. Therefore, they have not

in Figlires 4 and(5:

6

6.1

e designated
nite observed
of graphite.

te forms may
NS.

It is therefore

distributions

Annex B).

rresponds to

ufacturer and
nging from a
pbvered by the
in the larger

ange. When using Table! 1, alternative magnifications may be used (see Table 1, Notes 1 and 2).

been included

Designation of graphite by form, distribution and size

Designation system

To characterize the graphite observed, indications are generally necessary on the form, distribution and size
of the graphite particles. For this purpose, the following symbols shall be used at different positions of the
designation:

the Roman numerals given in Figure 1 are used for the graphite form at position 1;
for form |, the capital letters given in Figure 2 are used for the distribution at position 2;

the Arabic numerals given in Figures 3, 4, and 5 and Table 1 are used for the graphite size a

© 1SO 2008 — All rights reserved
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EXAMPLE 1 For a grey cast iron with flake (lamellar) shaped graphite particles of form I, distribution A, and size 4, the
following designation is used to describe that structure:

1A4

EXAMPLE 2 For a cast iron with spheroidal graphite particles of form VI and size 4, the following designation is used
to describe that structure:

Vi 4
Table 1 — Dimensions of graphite particle forms | to VI
Dimensions in millithetres
Sizg¢ range Indication of the particle size Actual dimension
reference number observed at x100 magnification
1 > 100 3
2 50 to < 100 05to <1
3 25t0 <50 0,25t0< 0,5
4 12t0 <25 0,12t0 < 0,25
5 6to<12 0,06 to < 0,12
6 3to<6 0,03 to < 0,06
7 1,5t0<3 0,015 t0 < 0,03
8 <15 <0,015

NOTE 1  Whgn determining size ranges 1 and 2, a lower magnification (x25 orx50) may be used.
NOTE 2 Whgn determining size ranges 6 to 8, a higher magnification (x200 or x500) may be used.

NOTE 3 For fletermining size ranges, the largest visible graphite particle size is used.

6.2 Desigpation of intermediate graphite sizes

If the graphit¢ observed covers two sizes, reference to both is possible:
EXAMPLE 1 3/4

In addition, tHe predominant sizexmay be emphasized by underlining:
EXAMPLE 2 3/4

This method fan be extended to cover microstructures where more than two sizes are present.

6.3 Desighation of mixed graphite forms, distributions and sizes

More complex microstructures containing different types of graphite can be defined by estimating the
percentage proportions of the different types of graphite.

EXAMPLE 1 For a cast iron with a graphite area comprising 60 % flake (lamellar) shaped graphite particles of form |,
distribution A and size 4 and 40 % flake (lamellar) shaped graphite particles of form I, distribution D and size 7, the
following designation is used to describe the structure:

60%1A4+40%1D7
EXAMPLE 2 For a cast iron with a graphite area comprising 85 % spheroidal graphite particles of form VI and size 4
and 15 % vermicular graphite particles of form Ill and covering sizes 3 and 4, the following designation is used to describe

the structure:

85 % VI 4 +15 % Il 3/4

12 © ISO 2008 — All rights reserved
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6.4 Nodule count

The graphite nodule count ng is determined by using the planimetric method (see Reference [2]). Nodules are
particles normally classified as form VI or V (or even form V).

ng = %sz (1)

where

ng is the number of particles per unit surface area of the sample;

N is the number of nodules counted;
A is the magnified area;
H is the linear magnification factor.
EXAMPLE At a magnification of x100, a circle measuring 79,8 mm in diameter+{=-5 000 mm?) is supgrimposed over
a micfograph. At the preferred magnification of x100, the circular area should,preférably contain at legst 50 graphite
particles in order to minimize the counting error associated with a circular test pattern. Two counts are madqg:
n, is the number of graphite particles completely within the test circle;
b is the number of graphite particles intersected by the test circle:
The tdtal number of graphite particles in this circle of 5 000 mm%s
n2

1 =n,+—= 2

100 =M1+~ (2)
In this|case, to express the nodule count as nodulesfimm?, the result given by Equation (2) has to be multiplied by 2, since

2 1002

= 3
4 5000 ©)

This operation is repeated on other fields.

The larger the number of fields-measured, the more representative is the result.

7 Report

If a rgport is reguired, it shall contain the following information:

— ifentification of the sample or casting;

— the sampling location(s);

— the number of samples taken and the number of areas evaluated;
— the form, distribution and size of the graphite;

— the magnification used;

— areference to this part of ISO 945;

— the date of the report;

© 1SO 2008 — All rights reserved 13
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— the name of the organization;

— the name of the person authorized to sign the report.

If required, the report shall also contain the following information:
— the nodule count;

— the designation of the material,

— the metallographic preparation procedure used;

— the size|of the cast-on sample or separately cast sample and/or the wall thickness of the respgctive
sample;

— the size pf the graphite;
— details of the presence of any other graphite form not covered by this part of ISO 945.

One or more jphotomicrographs may also be included in the report.
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