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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
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Introduction

This International Standard deals with the classification of abrasion-resistant white cast irons in accordance
with their chemical composition and hardness. Such cast irons are widely used in the mining, earth moving,
milling and manufacturing industries where high resistance to abrading minerals and other abrading solids is
required.

The szrasion resistance of these irons depends upon them having the appropriate structure afid|hardness for
the gpplication. These properties are obtained by careful control of the material composition and the
procgssing route.

© I1SO 2006 — All rights reserved \"
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INTERNATIONAL STANDARD ISO 21988:2006(E)

Abrasion-resistant cast irons — Classification

1 Scope

H N i LO4L ('l ('l ('l £ n) (] £ L H - . Jord s Li b 1 H
This ntermationat-Standard—defimes-the grages o aorasion=-resrstant wiite cast mons. 1 speciesne grades n
termg of:

— ¢hemical composition;
— hardness.
The flypes of abrasion-resistant white cast irons covered by this International Standard are:

a) Uinalloyed or low alloy cast irons;

b) nickel-chromium cast irons covering two general types:

% Ni 2 % Cr cast irons;
% Cr 5 % Ni cast irons;

c) high chromium cast irons covering five ranges of chromium content:

Cr> 11 % to < 14 %;
Cr > 14 % to < 18 %j;
Cr > 18 % to < 23 %;
Cr > 23 % to < 30 %;
Cr > 30 % to < 40 %.

2 Normative references
The following referénced documents are indispensable for the application of this document. For dated
refergnces, only.theé edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO/TR 15931, Designation system for cast irons and pig irons

AEAR 4 g o - PR o, ) / o he Dot 4 T ) Il
ISO QUO=T, WIctalic Irdieridls — DITICIT TIdrdricss (€sl — Fdit 1. TSSU TITIictriod
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3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

unalloyed or low alloy abrasion-resistant cast iron

cast iron hav

3.2

ing a structure which consists of eutectic iron carbides in a predominantly pearlitic matrix

nickel-chromium abrasion-resistant cast iron

cast iron hav

ing a structure consisting of either:

simple €
as 4 % |

complex
9% Cr §

NOTE 1 B
NOTE2 Al

3.3

i 2 % Cr irons; or

eutectic carbides (M;C3 and M3C) in a matrix which is predominantly martensitic; referred
% Ni irons

th of these materials can contain some bainite and retained austenite.

the grades referred to in this subclause are free of pearlite.

high chromium abrasion-resistant cast iron

cast iron con
which, in the|
other transfo

4 Desigt

The materia
(Chromium

Tables 1 to 3.

NOTE1  Th

NOTE2  Ad

been changed,

5 Order

The following

taining between 11 % and 40 % Cr having a structure consisting of complex carbides in a r
hardened condition, is predominantly martensitic, but which can also contain some austen
‘mation products of austenite

pation

shall be designated by symbols denoting’the Brinell hardness and the chemical compo
content, X denoting high Chromiumgontent), in accordance with the designations giv

e symbols given in this International Standard comply with the guidance given in ISO/TR 15931.

cording to the designation (system given in ISO/TR 15931, the designations of the material gradeg

nformation

information shall be supplied by the purchaser:

utectic carbides M5C type (M = Fe, Cr) in a matrix which is predominantly martensitic referlled to

to as

hatrix
ite or

sition
BN in

have

a) the complete.designation of the material;

b) any special requirements which have to be agreed upon between the manufacturer and the purchaser by
the time of the acceptance of the order.

6 Manufacture

6.1 General

The manufacturing methods for abrasion-resistant cast irons, unless otherwise specified by the purchaser,
shall be left to the discretion of the manufacturer. The manufacturer shall ensure that the requirements of this

International

Standard are met for the material grade specified in the order.

© I1SO 2006 — All rights reserved
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6.2 Heat treatment

Unless otherwise specified by the purchaser, the manufacturer shall supply castings in the condition that he
considers to be suitable for the type of casting and the material grade specified.

When it is required to machine castings produced in the high chromium cast iron grades, they shall be ordered
in the soft annealed condition. When the purchaser specifies delivery in the soft annealed condition, the
subsequent hardening and tempering shall be the responsibility of the purchaser.

NOTE 1 Castings may be supplied in any one of the following conditions:
— as-cast;
— gs-castand tempered;
— Rhardened;
hardened and tempered;
— goft annealed;

oft annealed and hardened;
oft annealed, hardened and tempered.

NOTH 2  Annex A gives guidance on the types of heat treatment which can be used to obtain the requjred hardness,
structpre and properties.

When it is required to machine castings produced in the high chromium cast iron grades, there are two
optiops:

a) Machining castings in the soft annealed condition

[Vhen the purchaser specifies delivery in the soft annealed condition, responsibility for any subsequent
ardening and tempering operation shall be agreed between the manufacturer and the purg¢haser at the
me of acceptance of the order. There may be some distortion and scaling of the machined [castings due

the heat treatment.

b) achining castings in the as-cast or hardened condition

ith appropriate equipment, and ‘cutting tools such as cubic boron nitride (CBN), it is feasible to machine
igh chromium cast iron gradés-in the as-cast or hardened condition.

7 Requirements

7.1 | Chemical composition

The ¢hemicahcomposition of the grades of abrasion-resistant cast iron shall be in accordance with Tables 1, 2
and 3.

NOTH Unless otherwise specified, other elements may be present, at the discretion of the manufacturey.

7.2 Brinell hardness

The Brinell hardness of the grades of abrasion-resistant cast iron shall be in accordance with Tables 1, 2
and 3.

7.3 Microstructure

Microstructure examination, if required, shall be agreed by the time of acceptance of the order. Where a
microstructure examination is agreed, the location for sampling, the methods used to examine the micro-
structure, and acceptance criteria are subject to that agreement. The microstructure examination shall be
performed in accordance with 9.3.

© I1SO 2006 — All rights reserved 3
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8 Sampling

8.1 Frequency of sampling for chemical analysis

Samples representative of the material shall be produced at a frequency in accordance with the in-process
quality assurance procedures used by the manufacturer.

Samples for chemical analysis shall be cast in a manner which ensures that their representative chemical
composition can be determined.

Unless othefwise specified by the purchaser by the time of acceptance of the order, the numbef and
frequency of Brinell hardness tests to be carried out shall be in accordance with the in-process quality
assurance ptlocedures used by the manufacturer.

In the abserce of an in-process quality assurance procedure or any other agreement)bétween the manu-
facturer and |the purchaser, a minimum of one sample shall be produced to confirmthe material grade} at a

frequency to| be agreed between the manufacturer and the purchaser by the timg-of the acceptance ¢f the
order.

9 Testing

9.1 Chemical analysis
The methodp used to determine the chemical composition:of the material shall be in accordance| with
recognized dqtandards. Any requirement for traceability shall be agreed between the manufacturer and the
purchaser byl the time of acceptance of the order.

NOTE Spectrographic, X-ray or wet chemical laboratory techniques are acceptable methods of analysis.

9.2 Hardness test
9.2.1 The PBrinell hardness test shall-be-carried out in accordance with ISO 6506-1.

NOTE Hardness determined by one test method cannot necessarily be compared with that property determirjed by
other test methods. Hardness conversion from other hardness test methods can be done by agreement betwegn the
manufacturer |and the purchaser.~Conversions between Brinell, Vickers and Rockwell C hardness, considered [to be
applicable to gbrasion-resistant.cast irons, are given in Annex B, for guidance only.

9.2.2 Each Brinell-hardness test shall be carried out on a casting at locations agreed upon between the
manufacturef and the purchaser, or on a test block cast-on to the casting itself.

Unless otherwise specified by the purchaser, the dimensions and location of the cast-on test block shall he left
to the discretion of the manufacturer.

NOTE A cast-on test block can be used when the size of the casting or the number of castings to be tested makes
direct testing on the castings impracticable.

9.2.3 If the test is to be carried out on a cast-on test block, the latter shall not be removed from the casting
until after any required heat treatment has been carried out.

9.2.4 When castings are too large or too difficult to be tested in a conventional hardness testing machine, or
when there is need for on-line inspection of a large number of castings, a portable hardness testing device
may be used. When using portable hardness testing devices, its accuracy shall be validated using a calibrated
test block. The use of such devices shall be agreed upon between the manufacturer and the purchaser by the
time of acceptance of the order.

4 © I1SO 2006 — All rights reserved
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9.3 Microstructure sample

Microstructure examination shall be performed on a sample cut from a casting, or from a separately cast or
cast-on sample. The sample shall have comparable solidification and cooling conditions as the critical
sections of the casting.

NOTE Descriptions of typical microstructures are given for guidance in Annex D.

10 Retests

10.1| Need for retests
Retests shall be carried out if a test is not valid (see 10.2).

Retests are permitted to be carried out if a test result does not meet the specified requirements for the
specified grade (see 10.3).

10.2| Test validity

A test is not valid if there is:

a) a faulty mounting of the test piece or defective operation of the test machine;
b) a defective test piece because of incorrect pouring or incorrect machining.

In thg above cases, a retest shall be taken from the same’sample or from a duplicate sample cas} at the same
time fo replace those invalid test results.

The rlesult of the retest shall be used.

10.3| Nonconforming test results

If any test gives results which downot conform to the specified requirements, for reasons othgr than those
givenl in 10.2, the manufacturer. shall have the option to conduct retests. If the manufacturer condlucts retests,
two retests shall be carried outfor each failed test.

If the| results of both retésts meet the specified requirements, the material shall be deemed to cqnform to this
International Standard.

If the|results of one or both retests fail to meet the specified requirements, the material shall be deemed not to
confgrm to this\International Standard.

10.4| Heat treatment of castings

Unless otherwise specified, in the case of castings in the as-cast condition with mechanical properties not in
conformance with this International Standard, a heat treatment may be carried out.

In the case of castings which have undergone a heat treatment and for which the test results are not
satisfactory, the manufacturer shall be permitted to re-heat-treat the castings and the representative samples.
In this event, the samples shall receive the same number of heat treatments as the castings.

In the results of the tests carried out on the test pieces machined from the re-heat-treated samples are
satisfactory, then the re-heat-treated castings shall be regarded as conforming to this International Standard.

The number of re-heat treatment cycles shall not exceed two.

© I1SO 2006 — All rights reserved 5
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Table 1 — Brinell hardness and chemical composition of unalloyed or low alloy
abrasion-resistant cast iron

Brinell Chemical composition in %
Material designation hardness pos ¢
HBW (mass fraction)
Symbol min. C Si Mn Cr
1ISO 21988/JN/HBW 340 340 2,41t03,9 0,4t01,5 0,2t01,0 max. 2,0
1ISO 21988/JN/HBW400 400 2,410 3,9 04t01,5 0,2t0 1,0 max. 2,0

Table 2 — Brinell hardness and chemical composition of nickel-chromium
abrasion-resistant cast irons

Materipl Brinell Chemical composition in %
designation hardness (mass fraction)
HBW
Symbol min. C Si Mn P S Ni Cr
1ISO 21988/JN/
HBW48dCr2 480 251t03,0 | max. 0,8 [ max. 0,8 | max. 040 | max. 0,10 | 3,0t0 5,5 | 1,5t¢ 3,0
1ISO 21988/JN/
HBWS50dcro 500 241028 [15t02,2 | 0,2t00,8 0,06 0,06 4,0t05,5 8,0td10,0
1ISO 21988/JN/
HBW510Cr2 510 3,0t03,6 | max. 0,8 | max..0,8 | max. 0,10 | max. 0,10 [ 3,0t0 5,5 | 1,519 3,0
1ISO 21988/JN/
HBW553Cr9 555 25t03,5 ([ 151t02,54.0,3t00,8 [ max. 0,08 | max. 0,08 | 4,5t0 6,5 |8,0t9 10,0
1ISO 21988/JN/
HBW630Cro 630 |32t036| 151922 |02t08 | 0,06 006 |40t055 |8,0td10,0
NOTE 1 For guidance on the relationship between'casting thickness and composition, see Tables C.1 and C.2.
NOTE 2 Bpth toughness and resistance to repeated impact increase as the carbon content decreases. Resistance to abfasion

increases as the carbon content increases.

NOTE 3 For castings with alloy contents at the low end of the range and supplied in the as-cast condition or in the case of castings
with greater wall thickness, it can be-difficult to obtain the minimum hardness. The requirements for such castings should be gagreed
upon between {he manufacturer and\the purchaser.

6 © I1SO 2006 — All rights reserved
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Table 3 — Brinell hardness and chemical composition of high chromium
abrasion-resistant cast irons

M_aterlgl Brinell Chemical composition in % (mass fraction)
designation hardness
HBW Cc Si Mn P S Cr Ni Mo Cu
Symbol
min. max. max. | max. max. max. max.

ISO 21988/JN/

HBW555XCr13 555 (>18t0o36( 1,0 [0,5t01,5]| 0,08 | 0,08 |11,0t014,0| 2,0 3,0 1,2

D0 21988/ 1 56— 840-3;6-— 6 O:5-to—51-6,08-1-0:08-T 4 0-t0—+8:6-1-2:6——3:0 1,2

|_BW555XCr16 E) E) L} ’ C LN £ ’ =, « I ) ~ i) £l

15O 21988/JN/

HBW555xCr21 555 (>18t0o36( 1,0 [0,5t01,5]| 0,08 | 0,08 |18,0t023,0( 2,0 3,0 1,2

IBO 21988/JN/

HBW555XCr27 555 >1,8t036( 1,0 |0,5t02,0| 0,08 | 0,08 | 23,0 to 30,0 [L2;0 3,0 1,2

15O 21988/JN/

HBW600XCr35 600 |>3,0to55| 1,0 |1,0t03,0( 0,06 | 0,06 | 30,00 40,0( 1,0 1,5 1,2

15O 21988/JN/
HBW600XCr20Mo2Cu 600 >26t029( 1,0 1,0 0,06 | 0,06 (d8,0t0o 21,0 1,0 (1,4t023,0|0,8t01,2
NOTE 1 The carbon range within each material designation should be agreed-between the manufacturer and the pufchaser to meet
the casting service requirements. Both toughness and resistance to repeated, impact increase as the carbon content glecreases. The
following carbon ranges are given as a guide for selecting the appropriate carbon range. The lower C range (C > 1,8 to 2,4) will provide
good|toughness and shock resistance. The intermediate C range (C > 2,406 3,2) will provide a good combination of foughness and
shocl resistance. The higher C range (C > 3,2 to 5,5) will provide higher, wWear resistance with reduced toughness and shpck resistance.
NOTE 2 The structure of high chromium abrasion-resistant cast irons depends on the cooling rate and is therefore gensitive to the
castingg thickness. To obtain specific properties, within the ranges in Table 3, some adjustments to the percentage |of the alloying
eleménts given may be necessary depending upon the casting, dimensional variations.
NOTE 3 For castings with alloy contents at the lower\end of the range and supplied in the as-cast condition or fqr castings with
greater thickness, it can be difficult to obtain the minimum hardness. The requirements for such castings should be agregd between the
manyfacturer and the purchaser.
NOTE 4 The corrosion resistance increases ‘as’chromium content increases and/or carbon content decreases.

© 1SO 2006 — All rights reserved 7
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Annex A
(informative)

Heat treatment

A.1 Unalloyed or low alloy cast irons

Unalloyed or,

low nllny cast iron r‘nqtingq are nnrmally anplipd in the as-cast condition and da naot rpqnirp

treatment.

Should a h
manufacture

A.2 Nickel-chromium cast irons

A21 4%

4% Ni2%
castings can
cooling. This

For improved resistance to repeated impact, to help the complete“breakdown of as-cast austenite, cas

can be temp
A typical cyc

heat tres
A.2.2 9% ¢

9% Cr5%N

heat treatment at 250 °C to 300 °C for 8 h to /16 h followed by air or furnace cooling.

For simple shapes, a single, 'heat treatment is adequate, involving heat treatment at 800 °C to 850 {

" and the purchaser by the time of acceptance of the order.

Ni 2 % Cr cast irons

Cr cast irons are frequently supplied and used in the as-cast(Condition. For certain applica
benefit from a heat treatment at 250 °C to 300 °C for 8 h/'to 16 h followed by air or fu
treatment relieves residual casting stresses.

bred at the higher temperature of 425 °C to 475 °C.

e is as follows:

tment at 425 °C to 475 °C for 4 h to 6 hifollowed by air or furnace cooling; and then

Cr 5 % Ni cast irons

h followed by airor furnace cooling.

haximum_ resistance to repeated impact is required, castings can benefit from a heat treatm
b 850 °Cxfor 8 h to 16 h followed by air or furnace cooling and then tempering at 250 °C to 3
12 h\with air or furnace cooling.

li cast iron castings can'be heat treated in one of two ways depending on casting complexity.

heat

bat treatment be required to improve machinability, this should be agreed between the

tions
nace

tings

C for

bnt at
DO °C

[ cooling from 850 °C to 800 °C may be undesirable for heavy sections of complex design as crackin

) may

a)
6 hto 12
b) Where n
800 °C t
for 8 h td
NOTE Ai
occur.

A.3 High chromium cast irons

A.3.1 General

High chromium cast iron castings can be supplied in either the as-cast or heat-treated condition. An
appropriately balanced combination of chemical composition and heat treatment is necessary for satisfactory
results. Typical heat treatments are hardening, tempering, soft annealing and annealing.

NOTE

thickness. If cracking occurs, it generally happens during heat-up, even with a slow heat-up rate.

A high risk of cracking exists during heat treatment of large castings, particularly with large changes in section

© I1SO 2006 — All rights reserved
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A.3.2 Hardening

Hardening involves slowly heating up the casting to a defined temperature range and holding for a time
appropriate to its thickness and chemical composition, followed by rapid cooling. Only simple shaped castings
can be oil quenched without the risk of cracking, so rapid cooling is most frequently carried out by air/gas
cooling. The air/gas cooling can be carried out by fan cooling, forced gas or atomised liquid spray techniques.

It can be necessary to cool complex shaped castings in still air. Under such circumstances, it is important that
the material chemical composition makes provision for sufficient hardenability.

A typical hardening cycle is:

— glowly heating up to a temperature within the range of 900 °C to 1 050 °C;
— holding for a determined period of time; and

— then rapidly cooling.

A.3.3 Tempering

Tempering may be required in order to transform any retained austehite to martensite to requce residual
stresges or to reduce the hardness of the material.

A typjcal tempering cycle involves:
— glowly heating up to a temperature within the range of. 200 °C to 550 °C;
— holding for a period of time appropriate to the thickness;

— fpllowed by air or furnace cooling.

A.3.4 Soft annealing
If cagting hardness below HBW 378'is required (e.g. to facilitate machining), soft annealing can b¢ carried out.
An example of a soft annealing method is:

— sglowly heating up to.atemperature within the range of 920 °C to 975 °C;

— holding for atléast 1 h;
— then slowly.cooling down in the furnace to about 810 °C; and

— then further cooling down to 600 °C at a rate not exceeding 55 K/h;

— followed by air or furnace cooling.

A.3.5 Annealing

If castings require annealing then a typical annealing involves slowly heating up to a temperature of 700 °C to
750 °C for a minimum of 4 h, and then slowly cooling in the furnace to 600 °C, following by air or furnace
cooling.

© I1SO 2006 — All rights reserved 9
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B.1 Conversion values

Annex B
(informative)

Conversion between Brinell, Vickers and Rockwell C hardness

Table B.1 shows_the nlnlnrm(imafp hardness conversions bhetween Brinell  Vickers and Rockwell

abrasion-res

> for

stant cast irons.

Tableg B.1 — Approximate conversions between Brinell, Vickers and Rockwell/C hardness

for abrasion-resistant cast irons

Brinell @ Vickers P Rockwell ¢
HBW HV HRC
340 350 34
378 400 39
420 450 44
465 500 47
480 520 48
510 550 50
555 600 53
595 650 56
640 700 58
— 750 60

The maxi
Unless o

The use
cast irong

mum hardness range forsthe-Brinell hardness test is 650 HBW, see ISO 18265.

herwise agreed, the mifimum scale to be used is HV 30.

of the Rockwell € hardness test is not recommended for determining the hardness of abrasion-res
with hardness’valdes lower than 39 HRC.
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Annex C
(informative)

Relationship between casting thickness and chemical composition

for nickel-chromium cast irons

Annex C gives the relationship between casting thickness and chemical composition for nickel-chromium cast

irons.
Tablds C.Tand C.Z show typical chemical compositions, which ensure the formation of a white-cast iron and a
pearlfte-free matrix structure depending upon casting wall thickness.
Table C.1 — Typical relationship between casting thickness and chemical\compositipn for
nickel-chromium abrasion-resistant cast irons (4 % Ni 2 % Cr\cast irons)
Casting thickness ¢ Chemical composition in % (mass-fraction)
mm Si Mn Ni Cr
t<25 0,50 0,40 3,4 1,8
>25<1<50 0,40 0,50 3,8 2,0
50 <7< 100 0,40 0,50 4,2 2,5
100 < ¢ 0,40 0,60 4,5 3,0
NOTH Higher nickel contents should be used if casting wall thickness significantly above 100 mm is involved.
Table C.2 — Typical relationship between casting thickness and chemical compositipn for
nickel-chromium\abrasion-resistant cast irons (9 % Cr 5 % Ni cast irons)
Casting thickness ¢ Chemical composition in % (mass fraction)
mm Si Mn Ni Cr
1<25 1,90 0,40 4,5 8,5
>25 <1 <50 1,80 0,50 50 9,0
50 <«¢,< 100 1,80 0,50 5,0 9,0
100 < ¢ 1,60 0,60 5,5 9,5
NOTE Higher nickel contents should be used if casting wall thickness significantly above 100 mm is involved.
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