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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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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 —

Part 1:
Graphite classification by visual analysis
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3 Terms and definitions

No tgrms and definitions are listed in‘this document.

ISO a
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4 (reneral

4.1

COUPpPT

document specifies a method of classifying the microstructure of graphitecin:c
arative visual analysis.

urpose of this document is to provide information about the method of graphite clas
f intended to give information on the suitability of cast-iron types andgrades for ar
Cation.

particular material grades are specified mainly by mechanical properties and, in

aphite form and size does not allow a statistically valid,‘statement on the fulfil
rements specified in the relevant material standard.

b are no normative references in this document:

ind I[EC maintain terminological databases for use in standardization at the following

F.C Electropedia: available at http://www.electropedia.org/

50 Online browsingplatform: available at http://www.iso.org/obp

Designation system for classifying graphite in cast irons

Whe1|1

st irons by

sification. It
y particular

the case of

nitic and abrasion resistant cast irons, by their chemieal‘-composition. The inlfsrpretation

ent of the

hddresses:

east iron materials are examined under a microscope in accordance with this da

cument, the

grapnite shall be classitied by the following:

a) itsform, designated by Roman numbers I to VI (see Figure 1 and Annex A);

b) its distribution, designated by capital letters A to E (see Figure 2 and Annex B); the graphite
distribution designation is only specified for grey cast irons (form I);

c) itssize, designated by numbers 1 to 8 (see Figures 3, 4 and 5 and Table 1).

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

Magnification x100

Figure 1 — Reference images for principal graphite forms in cast irons

2 © IS0 2017 - All rights reserved
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4.3 Distribution

Magnification x100

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

Magnification x100

1

100 um

a) Reference image for graphite size 1: 2 1 mm (form I)
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Magnification x100

2

100 um

b) Reference image for graphite size 2: 0,5 mm to < 1 mm (form I)
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Magnification x100

N

3

100 pm

c) Reference image for graphite size 3: 0,25 mm to < 0,5 mm (form I)
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Magnification x100

size 4: 0,12 mm to < 0,25 mm (form I)

image for graphite

d)'Reference
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Magnification x100

100 pm

e) Reference'image for graphite size 5: 0,06 mm to < 0,12 mm (form I)
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Magnification x100

100 um
f) Reference image for graphite size 6: 0,03 mm to < 0,06 mm (form I)
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Magnification x100

100 pm

g) Reference image for graphite size 7: 0,015 mm to < 0,03 mm (form I)
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Magnification x100

100 um
h) Reference image for graphite size 8: < 0,015 mm (form I)

Ficure 3 — Reference images for cranhite sizes for form 1

11
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Magnification x100

3

100 pm

a) Reference‘image for graphite size 3: 0,25 mm to < 0,5 mm (forms IV to VI)
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Magnification x100

b) Refetrence image for graphite size 4: 0,12 mm to < 0,25 mm (forms IV to |

®
®
..

4

100 um
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Magnification x100

5

100 pm

c)|Referenceimage for graphite size 5: 0,06 mm to < 0,12 mm (forms 1V to VI)
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Magnification x100

100 um

d) Reference image for graphite size 6: 0,03 mm to < 0,06 mm (forms IV to VI)

© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=1b7cb8c54721bbbaeed2e4990bebb969

ISO 945-1:2017(E)

Magnification x100

100 pm

e) Reference image for graphite size 7: 0,015 mm to < 0,03 mm (forms IV to VI)
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Magnification x100

100 um

f)-Reference image for graphite size 8: < 0,015 mm (forms IV to VI)

Figure 4 — Reference images for graphite sizes for forms IV to VI
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Magnification x100

100 pm

a) Reference image for graphite size 3: 0,25 mm to < 0,5 mm (form III)
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Magnification x100

b) Reference-image for graphite size 4: 0,12 mm to < 0,25 mm (form III)
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Magnification x100

c) Reference image-for graphite size 5: 0,06 mm to < 0,12 mm (form III)
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Magnification x100

d))Reference image for graphite size 6: 0,03 mm to < 0,06 mm (form III)
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Magnification x100

ISO 945-1:2017(E)
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Figure 5 — Reference images for graphite sizes for form III

e) Reference-image for graphite size 7: 0,015 mm to < 0,03 mm (form III)

22


https://standardsiso.com/api/?name=1b7cb8c54721bbbaeed2e4990bebb969

ISO 945-1:2017(E)

4.5 Visual classification of graphite

The reference images given in Figures 1, 2, 3, 4 and 5 provide a basis for classifying graphite forms,
distribution and size. The characteristic features of the graphite which occur are designated by letters
and numbers. For this purpose, microstructures of graphite are arranged in a series of reference images
consisting of schematic microstructures of cast irons. The form, distribution and size of the graphite
observed are determined by comparison with the reference images. The classification is allocated as
the same as that of the images that resemble them most closely at the same magnification.

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

5

LA

ampling and sample preparation

5.1 |Samples taken from a casting

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

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

The Jocation of the metallographic specimen shall be_ agreed between the manufacturer and the
purchaser.

5.2 |Sample preparation

The drea of the polished surface to be examined shall be sufficient to give a true represenftation of the
graphite structure. Attention shall be pajd\to the careful grinding and polishing of the[samples, so
that the graphite particles appear in their original form, size and distribution. Inappropriate grinding
and polishing can cause an unacceptable alteration of the microstructure. If necessary, the method of
polishing may be agreed between the manufacturer and the purchaser.

The gxamination of the graphite)under the microscope is usually carried out on the unetched polished
sectipn.

6 Procedure forgraphite classification

6.1 | Procedure for visual classification of graphite

The polished samples shall be scanned under a microscope in such a manner that a repres¢ntative area
is examined. To examine the graphlte form and dlstrlbutlon a ><100 magnlflcatlon should preferably be
‘ A AL knesk so that the
form and dlstrlbutlon of graphlte can be determmed by usmg the reference 1mages glven in Figures 1
and 2 (see also Annexes A, B and C). Adjust the microscope magnification to match as closely as possible
the corresponding images in Figures 1 and 2 before classifying the graphite form and its distribution, if
appropriate. The graphite size is determined by reference to Figures 3, 4 and 5 and Table 1, preferably
at x100 magnification. Other magnifications are permitted (see Table 1, Notes 1 and 2, as well as 7.4).

Examination under the microscope is carried out by direct observation in the microscope or by
projection on the ground glass of the microscope or on a visual display screen. The area of view should
preferably have approximately the same size as the reference images (about 120 mm diameter). The
measurement of the graphite particles can be facilitated by the use of suitably calibrated eye-pieces.

Form and distribution of graphite shall be determined by using the reference images, given in Figures 1
and 2 (see also Annexes A, B and C). Adjust the microscope magnification to match as closely as possible

© IS0 2017 - All rights reserved 23
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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.

6.2 Evaluation of the analysis results

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

technique.

7 Referelnce images

7.1 General

A series of reference images (see Figures 1 to 5) showing schematic mier6structures| and
photomicrographs is provided for the classification of the form, distribution andrsiz€ of the graphlite in
castirons.

In addition [to reference images, the photomicrographs show actual graphite microstructurey (see
Annexes A apd B).

7.2 Reference images for graphite form

The referenfe images for the graphite form (see Figure 1).sHéw six characteristic forms which are
designated by the Roman numbers I to VI (see also Annex A). These represent the principal types of

graphite obs
these types

The graphite
may also be

NOTE A{
defined in thi

7.3 Refer]

The referen
distribution

In addition
Annex B).

A variant of

bf graphite.

forms are specified in the relevant material standards. Percentages of these graphite

TM A247 defines seven graphite types designated in the reverse order compared to the six
5 document.

ence images for the distribution of graphite (form I)

5 designated by the letters A to E.

to reference images, the photomicrographs show actual graphite microstructureg

distribution C, designated C', is included in Annex B. This distribution corresponds to

erved in cast iron materials. Annex C gives the' common terminology and the occurreice of

orms
specified by these standards, e.g. in'the case of compacted (vermicular) graphite cast ﬂrons.

forms

ce images for the graphite distribution (see Figure 2) show characteristic graphite

(see

thin-

walled casti

7.4 Refer

AKOLN
(=]

ence images for graphite size

Figures 3, 4 and 5 shall be used in conjunction with Table 1 to evaluate the graphite size. For x100
magnification, sizes are indicated ranging from a maximum size of the particle of > 100 mm (size 1)
down to < 1,5 mm (size 8). When using Table 1, alternative magnifications may be used (see Table 1,
Notes 1 and 2).

NOTE1 Sizes 1 and 2 have no practical application for graphite forms III to VI. Therefore, they have not been
included in Figures 4 and 5.

NOTE 2  Thereference images given in Figure 3, 4, and 5 do not represent all the graphite particle sizes present
in each of the graphite particle size ranges given in Table 1.
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The schematics show some graphite particles smaller than the minimum size graphite particles for

that size range. The schematics represent what can be seen when viewing a two dimensional sectioned view
of a three dimensional structure where a normal sized particle is sectioned not through its centreline appears
smaller than its actual size.

8 Designation of graphite by form, distribution and size

8.1

Designation system

To characterize the graphite observed, indications are generally necessary on the form, distribution

and 5
posit

H £ 1 Lat £l I £laa £l £o11 3 Leal Loll L
14T Ul LUIIT sl ayuu.c Pal CICICO. 1T'UI LUI11Oo Pul }JUDC, CIIT lUllUVVllls Dy ITTUVUIO olldll UUT UoU

jons of the designation:
he Roman numbers given in Figure 1 are used for the graphite form at position 1;

pr form [, the capital letters given in Figure 2 are used for the distribution‘at position

at different

;s

— the Arabicnumbers given in Figures 3, 4,and 5 and Table 1 are used forythe graphite size pt position 3.
EXAMPLE1 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 followinjg designation
is used to describe that structure:
Vi4
Table 1 — Dimensions of' graphite particle forms I to VI
Dimensions jn millimetres
Size range Indication of the particle size Actual dimemsion
reference number observed at x100 magnification
=100 21

2 50to <100 0,5to <1

3 25to <50 0,25to<(Q,5

4 12to< 25 0,12to <025

5 6to<12 0,06to<0f12

6 3to<6 0,03to<0)06

7 1,5to<3 0,015 to < (4,03

8 <1,5 < 0,015
NOTH 1‘When determining size ranges 1 and 2, a lower magnification (x25 or x50) may be used.
NOTE2—When-determiningsize ranges6-to-Sra-highermagnification 200-er 500} may-be-tsed:
NOTE 3 For determining size ranges, the largest visible graphite particle size is used.

8.2

Designation of different graphite sizes within a casting

If the graphite observed in different areas of view covers two sizes, reference to both is possible.

EXAMPLE1 3/4

In addition, the predominant size may be emphasized by underlining.

EXAMPLE2 3/4

© ISO

2017 - All rights reserved
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8.3 Designation 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

size 7, the foll
60%IA
EXAMPLE 2

For a cast iron with a graphite area comprising 60 % flake (lamellar) shaped graphite particles of
form I, distribution A and size 4 and 40 % flake (lamellar) shaped graphite particles of form I, distribution D and

owing designation is used to describe the structure:

4+40%ID7

For a castiron w1th a graphlte area comprlslng 85% spher01dal graphlte partlcles of form VI and

size 4 and 159
used to descr]

85 % VI

1 1 £L | | 4+l £211 |
/0 V1 llllbulal sl GPIIILC pal lelCD Ul TUT IIT lll dllu CuUvTI lllé DILCD \J allu T LIICT TUIIUVV 1116 ucolsua

be the structure:

4 + 15 % 111 3/4

8.4 Designation of unclassified graphite forms

If graphite p

hrticles are notidentifiable to the graphite forms in this document, thiese should be rep

as unclassified graphite forms in accordance with this document.

8.5 Nodu

The graphits
(see ISO 643

N
nF =Z><

where

ng istH

N isth

A isthH

F  isth
EXAMPLE
over a microg
50 graphite p|
are made:

ni isthen

le count

. Nodules are particles normally classified as form Vlor V (or even form IV).

F2

e number of particles per unit surfdce area of the sample;
e number of nodules counted;
e magnified area;

e linear magnificationfactor.
Atamagnificatioof x100, a circle measuring 79,8 mm in diameter (= 5 000 mm2) is superim

fraph. At the preférred magnification of x100, the circular area should preferably contain af
articles in order to minimize the counting error associated with a circular test pattern. Two ¢

umber of graphite particles completely within the test circle;

ion is

brted

e nodule count ng is determined by using the planimetric method, as shown by Formulla (1)

€y

bosed
least
ounts

ny isthen

umber of graphite particles intersected by the test Circle.

The total number of graphite particles in this circle of 5 000 mm?2 is shown by Formula (2):

2
Nigp =Nq +—
100 1 2

n

(2)

In this case, to express the nodule count as nodules/mm?2, the result given by Formula (2) has to be
multiplied by 2, as shown by Formula (3):

F? 1
A

50

002

00

This operation is repeated on other fields.
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