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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

estabtistredtasthe TighttobeTepresented-omthat committeentermationat-organizations; goverrm
npn-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part
The main task of technical committees is to prepare International Standards. Drafttnternational §
aflopted by the technical committees are circulated to the member bodies for\voting. Publicati
International Standard requires approval by at least 75 % of the member bodies.casting a vote.

IN exceptional circumstances, when a technical committee has collected.data of a different kind
which is normally published as an International Standard (“state of the art”, for example), it may de
simple majority vote of its participating members to publish a Technical Report. A Technical Report
informative in nature and does not have to be reviewed until the data it provides are considered
langer valid or useful.

Altention is drawn to the possibility that some of the elements of this document may be the subject
rights. ISO shall not be held responsible for identifying anyor all such patent rights.

ISO/TR 10809-1 was prepared by Technical Committee ISO/TC 25, Cast irons and pig irons.
IO/TR 10809 consists of the following parts, tnder the general title Cast irons:
—t Part 1: Materials and properties fordesign

— Part 2: Welding

ntal and
with the

2.

tandards
bn as an

from that
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s entirely
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of patent
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Introduction

Worldwide cast iron production is in excess of 60 000 000 tonnes per annum. It is manufactured in a wide
range of alloys and has applications in all sectors of world production and manufacture. Its use spans many
industries, including automotive, oil, mining, etc.

The techpology of cast irons is not widely taught or understood around the globe. This part of ISO/TR 10809|is
intended [to provide information about cast iron materials so that users and designers are better.'able fo
understand cast iron as a design material in its own right and correctly specify cast iron for suitable
applicatigns.

Vi © 1SO 2009 — All rights reserved
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Cast irons —

Part 1:
Materials and properties for design

1 Scope

The purpose of this part of ISO/TR 10809 is to assist the designer and engineer in‘understanding thg family of
cast iron materials and to utilize them with a more complete knowledge of their potential, among|the wide
rgnge of other engineering materials and fabrication methods now available.*A considerable amount of the
data provided are metallurgical, but it is usually the metallurgical aspects of the cast irons that create
nlisunderstandings when these materials are specified. This is because.metallurgy is not one of the| scientific
disciplines taught to engineering students. Thus, such students oftep-have a lack of knowledge regarding the
fyndamentals underpinning the material properties of cast irons. This part of ISO/TR 10809 suggests|what can
be achieved, what cannot be achieved and why, if and when cast irons are specified. It is not designed to be a
tgxtbook of metallurgy. It is intended to help people to chooseé the correct material for the right reasons and
also to help to obviate the specification or expectation of unrealistic additional requirements, which arg unlikely
td be met and which can be detrimental to the intended application.

2| Why use cast irons as an engineering material?

The first questions that the designer and engineer will probably ask are:
— Can | use a cast iron?

— Should | use a cast iron?

—+  Which type and grade are applicable?

—+ What are the advantages?

The following Sub-clauses give general information on the cast iron types currently standardized in
rnternationahStandards.

2|1 “AWhy use grey cast iron?

Grey cast iron provides the largest worldwide tonnage of all cast irons produced, mainly because of its wide
range of uses within general engineering, its ease of machining, and its cost advantage. The material has the
highest thermal conductivity among the range of cast irons, which is why it is used in applications where this
property is important. Typical examples are automotive parts such as brake drums, discs, clutch plates, and
cylinder blocks and heads. Grey cast iron lacks ductility, but for parts where requirements for ductility and
impact strength are low or unimportant, a huge range of applications can be found. These include, for
example, the manufacture of machine tools such as lathe beds, where slideways can easily be surface
hardened and the “self-lubricating” properties of the material are advantageous. This highly versatile material
should be considered for a potential application unless there are ductility issues, or the design requires
ultimate strengths in excess of 300 N/mm?.

© 1SO 2009 - All rights reserved 1
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2.2 Why use spheroidal graphite cast iron?

Spheroidal graphite cast iron has the benefit of ductility as well as strength, which is why it is often considered
to be a material superior to grey cast iron. Its main disadvantage in this respect is that it does not have the
thermal conductivity provided by grey cast iron and is not normally used where this property is important. A
large number of grades of spheroidal graphite cast iron are available to the designer, based on the fact that as
tensile strength increases, ductility decreases. Thus the designer has the opportunity to utilize different
combinations of tensile/ductility properties, depending upon the application. The lower-strength grades with
high ductility also have good impact properties and, for this reason, spheroidal graphite cast iron is
increasingly being used to produce cast parts to replace steel fabrications. Large tonnages of spheroidal
graphite East iron are used to produce centrifugally cast pipe for water and sometimes gas transportation,.but

the maijority is used in general engineering applications where its considerably higher tensile propertigs

compared with grey cast iron are of advantage.

2.3 Why use compacted cast iron?

Compacted graphite cast irons have applications as components which require additional ‘strength, stiffnes
and ductjlity over and above that offered by grey cast iron. Typical applications include cylinder blocks and
heads, bfake drums and brake discs, pump housings, hydraulic components, and cylinder liners. The benefits
of the material are that it provides higher tensile strengths and some ductility inyconjunction with thermal
conductiity properties similar to those found in grey cast irons.

o

2.4 Why use malleable cast iron?

There ar¢ two different types of malleable cast iron, blackheart and whiteheart. The blackheart grades haye
propertie$ similar to the spheroidal graphite cast irons and the materials have traditionally been considered
interchangeable in most general engineering applications. The-main advantage of blackheart malleable irop,
compared with spheroidal graphite cast iron, is that it is eaSier to machine, because of the different mefal
compositjon. The whiteheart malleable grades are still used to produce traditional thin section castings,
particularly fittings such as hinges and locks. Now, however, their uses are more usually confined to the
production of thin section castings where the heat treatment process involved can be adjusted to completely
decarburize the material. This is of considerable’\advantage to designers; it allows malleable whitehedrt
castings [o be welded to steels as part of a fabrication process, because the whiteheart material possessés
propertie$ that are not dissimilar to the steelto.which it is welded.

2.5 Why use ausferritic cast iron?

The ausfempering heat treatment /carried out on a normal spheroidal graphite cast iron enhances ifs
propertie$ to produce a range-of grades with exceptionally high tensile strengths. The highest tensile strength
grade algo has a high hardness that allows it to be used in abrasion-resisting applications, the most comman
one being as digger teeth.on earth-moving equipment. As with all spheroidal graphite cast iron materials,
increaseq in tensile stréngth and hardness are accompanied by decreases in ductility. This allows for a wide
range of [properties_that can be exploited, provided that their combination is applicable to the component
design. Tlensile strengths up to 1 400 N/mm?, hardness greater than 400 HBW, and tensile elongation up o
10 % are| possible (although not all three simultaneously in the same grade of material). These mechanicgal
propertie$ also‘generate a high fatigue strength that is useful in gears and other components for use in|a
rotating/blending application.

2.6 Why use abrasion-resistant cast iron?

The abrasion-resisting cast irons are a range of hard and tough materials that compete with other alloys such
as manganese steel, mainly in the mining and extraction industries, in wear-resistant applications such as
slurry pumps and in more generalized applications such as in the operation of shot-cleaning plants. Thus they
are rightly considered to be a consumable item where the rate of wear, or operational life, is important in the
decision-making process regarding the choice of material. Generally speaking, they tend to be less expensive
and easier to manufacture than the abrasion-resisting steels with which they are usually compared. They
perform well in a variety of applications and should not be casually dismissed as the material of choice in any
application that requires abrasion resistance. The effectiveness of any abrasion-resisting material is highly
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dependent upon the materials which it is in contact with and the circumstances under which it performs. For
example, slight changes in the composition of an ore in an extraction application, and even its water content,
can significantly influence the wear rate. The 13 grades of abrasion-resisting irons specified in 1SO 21988
offer a wide choice of alloys for matching the material against the intended application.

2.7 Why use austenitic cast iron?

The austenitic cast irons (sometimes called Ni-resists) are a range of materials that provide corrosion
resistance, heat resistance or a combination of both. Austenitic cast irons are often compared with stainless
steels when a design is being considered. One specific application for which the austenitic cast irgn grades
afe considered is where the component to be produced needs to be non-magnetizable and othenproperties
afe of secondary importance. Both flake graphite and spheroidal graphite iron grades are-prodyiced: the
spheroidal graphite iron grades exhibit superior tensile properties to those of the flake graphité grade¢s. These
nlaterials vary widely in their metal composition in order to meet a broad range of applications; in geperal, the
m
a
n

ost arduous applications are met by those grades containing the highest nickel content. The 12 grades of
Istenitic cast iron cover the spectrum of applications where highly alloyed materials)are required in order to
eet arduous conditions in service.

3] Commentary

ast irons have particular and peculiar metallurgical and other properties which are unique to the material and
hich give it specific valuable attributes that make it a useful matefial in certain applications.

20

w

1 Recent changes in standardization

IO/TC 25 is the International Technical Committee’,responsible for the development of Intgrnational
Standards for cast irons. Since 1998, when it was reactivated after a dormancy of 14 years, ISO/T|C 25 has
been working through a programme of creation, revision, assessment and publication of cast iron material and
rglated standards. These International Standards include annexes of additional information aboui material
properties, which are not requirements of the standards, but which provide helpful technical and application
information to designers and engineers.

The International Standards that have ‘been reviewed, created, published or retained in their currenf form are
shown in Table 1.

Table 1 — International Standards for cast iron materials and microstructure

Scope Standard humber

Grey cast irons ISO 185

Ypheroidal graphite cast irons 1ISO 1083
Gompacted\(vermicular) graphite cast irons ISO 1112
Malleable-cast irons ISO 5922
Ausferritic spheroidal graphite cast irons ISO 171804
Abrasion-resistant cast irons ISO 21988
Austenitic cast irons 1ISO 2892
Designation of microstructure of cast irons — visual analysis ISO 945-1

The seven International Standards for cast iron materials (see Table 1) encompass a huge international
tonnage. In 1999, reported world production reached 49,3 million tonnes/annum, and this figure had increased
to 61,6 million tonnes/annum by 2006 (the last available statistics). The trend is continuing for cast irons
utilized in the manufacture of a wide range of different components ranging in mass from a few grams to more
than 100 tonnes.

© 1SO 2009 - All rights reserved 3


https://standardsiso.com/api/?name=7e871a60153af981f0a92932445ef881

ISO/TR 10809-1:2009(E)

The International Standards for cast irons detail the properties of seven individual types of cast iron material
which together specify 84 different grades. It is recommended that these standards and the associated
annexes of supporting information be carefully consulted, in order to allow the most appropriate material to be
chosen for the application. Table 2 provides a short résumé of properties that will lead the user to the relevant
International Standard. It also compares one cast iron material type with another, but does not compare the
cast irons with other materials. For example, if a cast iron with high strength and ductility were required then
an examination of 1SO 1083 or ISO 17804 would be beneficial. The individual grades within these two
International Standards can then be consulted to find the most appropriate one and to determine whether the
other, unspecified properties in the annexes are beneficial or detrimental to the application.

Table 2 — General properties for the range of International Standards for cast iron

ordeort 150185 | 1501083 | SO18112 |50 5955 |10 17804 | 150 21988 | (555549,
perty Grey Spheroidal ompacte Malleable usterritic rasion- 17, usteniti¢
(vermicular) spheroidal | resistant
Tensile sfength W N VW N AW o W
Proof strength V WA W VW AW 0 W
Elongatiop N A y VW ™ 0 W
Impact repistance S N Y N A AW N
e W W W W W v W
Thermal ¢onductivity ANAN AW AW Y W \ AW
Thermal g¢xpansion \ W W W W N N
Abrasion fesistance \ W W N W VWA W
Corrosior| resistance W W W W W WA WA
Heat resigtance AW VWV VAl A VWV \/ NV
Machinaltfility N AW N AW W N AW
Weldabilify W VW W VW V 0 W
0 Not applicable
S Low
A Average
VWY High
NN Very high
NNV Highest
Ausferriti¢ spheroidal graphite cast irons should only be welded prior to austempering.
NOTE  [ISO 5922 dMB'grades = Y\, JMW grades = \N\Y, JMW-S grade = \\WW.
Table 3 provides data on typical applications (the list is not exhaustive). Table 3 should also help the designer
and engineer to select the most appropriate International Standard, and ultimately the choice of the grade
within it.
4 © 1SO 2009 — All rights reserved
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Table 3 — Typical mechanical property ranges and applications for cast irons

SO 185 Minimum tensile strength range 100 N'mm?to 350 N/mm?, elongation <1 %

Grey Wide range of general engineering parts: pumps, valves, compressor bodies, machine tools,
cylinder blocks, brake drums and discs, clutch plates, press tools, street furniture.
Minimum tensile strength range 350 N'mm? to 900 N/mm?, elongation range 2 % to 22 %

ISO 108_3 Wide range of general engineering parts requiring higher strength, elongation, and fatigue

Spheroidal properties than grey cast iron: crankshafts, valves, pumps, steering knuckles, suspension
components, axle boxes.

150 16112 Minimum tensile strength range 300 N'mm? to 500 N/mm?, elongation range 0,5 % to{ 2 %

Gompacted Components requiring good thermal conductivity in conjunction with higher strengttirthan|grey cast

(yermicular) iron: ingot moulds, cylinder blocks, brake drums and discs, cylinder liners, hydraulic parts.

50 17804 Minimum tensile strength range 800 N'mm? to 1 400 N/mm?2, elongationrange 2 % to{11 %

D

Ausferritic Castings requiring very high strengths with good elongation, fatiguel>-and abrasion fesistance
properties: gears and cams, crankshafts, differentials, digger teeth, wear shoes, track guides.
Minimum tensile strength range 270 N'mm? to 800 N/'mm?, elongation range 1 % to 16 %

130 5922 Wide range of general engineering parts requiring higher\strength, elongation, and fatigue

Malleable resistance with some grades weldable: pipe fittings, suspensjon components, gear cases,| universal
joints.

150 2892 Minimum tensile strength range 140 N'mm? to 440 N/mm?, elongation range 1 % to 25 %

D

Austenitic Parts requiring corrosion and heat resistance, some grades being non-magnetizablg: pumps,
manifolds, gas turbine housings, turbochargers;irefrigeration components, compressors.

150 21988 Minimum hardness range 340 HBW to 630'HBW

Abrasion- Castings requiring high abrasion and.inipact resistance: rock crushers, grinding balls, digger teeth,

rpsistant shot-cleaning wear-plates, pumps and'valves carrying abrasive liquids.

There is often a communication difficulty.-between casting producers and the engineers and @esigners

employed by their customers over the uhderstanding of the cast iron material properties beyond thgse of the

nprmative requirements of the specific.International Standard. This can lead to confusion, a good example of

which is the phenomenon of section“sensitivity in grey cast irons, where, depending on the section thickness,

tHe mechanical properties in the.casting may be either lower or higher than those in separately|cast test

pleces. Even experienced engineers are sometimes unfamiliar with the properties of the cast irons, leading to

either an underestimation ¢f the true potential of the material or unrealistic expectations of it.

The cast irons have a-complex metallurgy and a wide range of different material properties or specifi¢ property

rgquirements can.be obtained through the correct choice of material.

3|2 General-metallurgy of the cast irons

The glassary of terms relating to International Standards for cast irons (see Annex A) explains the mieaning of

thHe metallurgical terms given below.

The plain carbon steels are iron-carbon alloys where the carbon content dictates the main properties and
other elements are generally at too low a level to be of major significance. At 0 % carbon content, the material
is soft pure iron, or ferrite. As the carbon content is increased, increasing amounts of pearlite are formed,
which is harder and stronger, such that at about 0,9 % carbon content the structure is fully pearlitic. This range
of carbon content is where the majority of plain carbon steels exist. Raising the carbon content results in the
formation of iron carbide in increasing amounts (sometimes called cementite), which is hard and brittle. Above
about 1,7 % carbon content, the material is called white cast iron and comprises a mixture of pearlite and iron
carbide.

It is this structure (a mixture of pearlite and iron carbide) that forms the basis of the manufacture of the
abrasion-resistant cast irons and malleable cast irons, although refinements to metal composition and the use

©
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of heat treatment are required to meet the specified requirements of their respective International Standards.
The International Standards for the other cast irons require the majority of the carbon content to be present in
the form of graphite, and this is achieved by the addition of silicon, which promotes the formation of graphite
instead of carbide. Grey cast irons contain flake (lamellar) graphite, which is the normal graphite form that
occurs during solidification. Spheroidal and compacted graphite cast irons are produced by deliberate
modification of the solidification mechanism, usually by an addition of magnesium. In the case of the austenitic
cast irons, high levels of other elements are also added to produce the required material properties. Ausferritic
cast irons are both alloyed and subjected to heat treatment, in order to meet the requirements of the
appropriate International Standard. Heat treatments are applied to all of these materials, either as part of the
production route, or to enhance properties, or to obtain stress relief in complex components.

Summariging, therefore, there are seven material types each broadly described as follows.

Grey cagt iron — cast iron with a flake graphite form, usually in a pearlitic matrix except for the very’ lowefst
grades where ferrite is present. The material does not normally require heat treatment, unless stress relief fis
applied t@ ensure dimensional stability.

Spheroidal graphite cast iron — cast iron with the solidification mode modified to produce graphite jn
spheroidg$ as opposed to flakes. The grades range from those containing fully ferritic 10 ully pearlitic matrices
including|a recently developed high silicon grade. Heat treatment is sometimes used to produce the ferrific
grades, garticularly those requiring high impact values at low temperature. The highest-strength grade can Qe
produced by an oil quench and temper heat treatment. Stress relief can be applied’if necessary.

Compacted (vermicular) graphite cast iron — cast iron with the solidification mode modified to produge
stubby, dr compacted graphite flakes, usually with a small percentage of spheroidal graphite present. The
grades rgnge from those containing mainly ferritic to fully pearlitic matrices. The material is not normally hept
treated unless stress relief is required.

Malleabl¢ cast iron — two types of cast iron called separately blackheart and whiteheart. They afe
deliberatgly produced with a low silicon level to produce iron‘carbide and are then heat treated to break down
the carbifle and form graphite, as ragged spheroids ustially known as temper carbon nodules. The gradgs
range frdm fully ferritic to fully pearlitic. The material*can be oil quenched and tempered to produce the
highest gfade.

Ausferrific cast iron — spheroidal graphite-cast iron deliberately subjected to an austempering hept
treatmen{ that enhances material properties, producing an ausferritic matrix containing graphite spheroids.|It
sometimgs requires special alloying tovensure structural uniformity of the matrix in thick sections. It rarefy
requires further heat treatment following:production.

Abrasion-resistant cast iron — cast iron, usually with a martensitic matrix, resulting from heat treatmer
that contains complex carbides-te’provide good abrasion resistance.

—

Austenit|c cast iron —cast iron with an austenitic matrix that is stable down to sub-zero temperatures.|It
contains [grades with €ither graphite flakes or spheroids, and is highly alloyed and used in special-purpoge
applicatigns. It can-bg’stress relieved and stabilized for high-temperature applications.

3.3 Sertionsensitivity and its effects on material properties

Section
properties.

Most engineers expect that the same properties will be obtained in both the castings and the test pieces
poured with them. This is largely the case with steels and many other alloys, but is not the case with cast irons,
for reasons related to the section sensitivity.

The expression “section sensitivity” is used to explain the relationship between the results from the separately
cast test piece used to confirm the tensile properties of cast iron materials and the tensile properties in the
casting. These properties usually differ. This is a very important aspect of design with cast iron materials and
is related to the effects produced on material structure, resulting from different speeds of solidification in
varying casting sections.
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In thin section castings the solidification will be rapid, whereas in thick sections solidification will be slow. Thus,
depending on the section thickness, there will be differences in the graphite form and size, and also possibly
in the matrix. These effects result in differing mechanical properties within the various casting sections. In
ISO 185, for grey cast irons, where the effects of section sensitivity are most pronounced, a separately cast
test piece of uniform dimensions is used to determine the precise mechanical properties of the material and
the properties in the casting can be obtained empirically to ratify design strengths. Much research has been
conducted to derive data on the properties in different sections and this research has resulted in the collection
of data such as that detailed in ISO 185:2005, Table 1, an extract from which is shown in Table 4.

Tabled E from Table 1 of 1SQ 185:2005 relati .

Tensile strength Relevant wall thickness Tensile strength
(mandatory values in mm (anticipated values
del\giagtﬁ:tail)n separately cast samples) over up to and inclyddy in cadtings)
N/mm?2 N/mm?2
minimum minimum

2,5 5 180

5 10 155

10 20 130

ISO 185/JL/150 150 20 40 110
40 80 95

80 150 80

150 300 -+

5 10 250

10 20 225

ISO 185/JL/250 250 20 40 195
40 80 170

80 150 1$5

150 300 -

10 20 315

20 40 280

ISO 185/JL/350 350 40 80 250
80 150 225

150 300 -+

Seetior—sensitivity—of—whiteheart—and—weldable—blackheart—malleable—ecastirons—is—affested by the

d
decarburization process (see 6.3 and 6.7).

Section sensitivity is less pronounced in the compacted graphite cast irons, even less pronounced in the
range of cast irons containing graphite spheroids, and least pronounced in the grades of blackheart malleable
cast irons and the abrasion-resistant cast irons. In the International Standards for compacted graphite cast
irons, spheroidal graphite cast irons, and ausferritic spheroidal graphite cast irons, separately cast test pieces
are also required, but with the option of utilizing a cast-on test piece. This arrangement more closely replicates
the properties of the wall thickness to which it is attached, provided that the correct test piece is used. Tables
in the various International Standards for cast iron dictate the required mechanical properties, depending upon
the relevant wall thickness.
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The terminology “relevant wall thickness” was deliberately chosen for inclusion in the International Standards
concerned, so that the manufacturer and the producer can agree on the section of the casting where the cast-
on sample, from which the test piece is taken, is placed. The relevant wall thickness would normally be
construed to be the wall thickness that is the most important for the purposes of design; this is often the most
highly stressed area. Where precision is required in the determination of material properties, the International
Standards allow for the option of cutting samples from the casting at an agreed location. Obviously this
destroys the casting and is invariably carried out according to agreed routine sampling plans, or as initial
validation during first-off sampling.

3.4 Understanding hardness

National $tandards do not always specify hardness, although informative data are sometimes provided-fop the
various grades. Customers, on the other hand, commonly specify hardness ranges for the materialsithat afe
required.|[ISO 185 contains special hardness-only grades which are normative and which do hot requife
tensile stfength validation. Therefore, it is now possible to specify castings according to a mandatory hardnegs
grade, byt they might also be produced according to a tensile strength grade where, in additioh; the customer
demands|a hardness range to be met.

It is important to make clear that the section-sensitivity phenomenon affects hardness. For example, the
graphite |n graphitic materials is coarser in thick sections than in thin sections and the matrix may also Qe
affected by the different cooling rates; thus thick sections will be softer than thin“sections. An illustration fis
given in |SO 185:2005, Table 2, which takes this situation into account by specifying the hardness range pf
40 mm tq 80 mm sections and providing anticipated values in other, thinner’sections. Additional informatign
regarding the section sensitivity in relation to hardness is given in ISO 18532005, Annex C.

An important point to note for all cast irons is that they are metallic:materials with graphite, or in the case pf
the abragion-resistant cast iron grades, carbides, in a steel-like*matrix. For this reason it is inappropriate [o
use a hafdness tester with an indenter smaller than 5 mm in diameter. The usually specified test apparatus |s
a Brinell hardness-testing machine fitted with a 10 mm ball and 3 000 kg load (10/3 000) as this provides the
most acdurate reading. For thinner sections, a 5 mm ballland 750 kg load (5/750) are applicable. Rockwell,
Vickers gnd other hardness-testing apparatus with spiall indenters and light loads give variable results and
usually cause confusion.

When hafdness is specified, the hardness range needs to be realistic to take into account normal variations jn
the matefial. A typical hardness variation for a*grey cast iron would be about 50 HBW. For example, a JL/250
grey cas{ iron material would typically have a hardness range of 187 HBW to 241 HBW. For a spheroidal
graphite tast iron, the hardness variation will be between 10 HBW and 70 HBW depending upon the grade
and matfix. For abrasion-resistant\cast iron materials, the situation is somewhat different because the
hardness| minimum is specified,-It ‘must be appreciated, however, that there will still be a hardness variatign
between thin and thick sectiops;.even though the minimum specified value is met.

The mos{ important pointof-all is that, if castings are specified to be hardness tested, then the hardness range

and the |ocations of the-‘hardness test on the castings should be agreed between the manufacturer and
purchaser.

3.5 Hejat treatment

Some of theTmateriats—specifiedimthetntermatiomat—Standards—for tastirons Tequire speciatheat treatment
operations as part of the production process; the manufacture of malleable and ausferritic irons require heat
treatment according to 6.3 and 7.2, respectively. Other cast iron types can require heat treatment processes
for remedial reasons, as is allowed in the relevant International Standards, or to help achieve the
requirements of the grade. Examples of common heat treatments are given in Table 5.
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Table 5 — Examples of common heat treatments applied to cast irons

Temperature

Process oc Time Subsequent process
Annealing 900 10? (J:raltihngesrei?io?;n Slow furnace cooling to below 200 °C
Normalizin 900 1 h+1hper25mm |Air quench outside the furnace, sometimes using

9 of casting section? | cooling fans for larger castings
i qunnnh and 500 1h . 1h pnr 25 mm Quench in oiland then fcmpnr atthe h:mpnr ture for

témper of casting section? |[the desired hardness, usually ~300 °C
Ytress relief 550 10? ;altrngireigorz? Slow furnace cool to below 200 °C

Time at temperature depends on the size of the castings and their packing density. The times are for-individual castin
numbers in a batch. Where large numbers of small castings are packed together in a furnace, it is essential-that the complq
raised to the desired temperature before process commences.

js or small
te batch is

3|6 Welding

There is a common misconception that cast irons cannot be welded and, in many internal
specifications, or in requirements additional to those demanded in International Standards 3§
S

fgilure of the part.

It has been accepted that some cast irons do not respond well to welding, whilst others nee
considerations regarding acceptable techniques. With“the exception of the weldable cast irons, m
Iding using steel rods typically employed for steel welding purposes should never be used, as the
Il have no long-term integrity and may cause(¢atastrophic failure of the casting. Engineers and
uld be wrong, however, to dismiss a welding operation as out of hand without consideration of th
ppssibilities. These fall into two categories,-namely: finishing welding to remove unwanted defects
Iding of cast irons to other materialsvas part of a fabrication. As with all repair or finishing we
quiestion arises as to whether welding is cost effective or whether it is more sensible to produce a rep
casting. This is particularly the casge in'the manufacture of large numbers of small castings.

The welding processes for castyirons are fully described in ISO/TR 10809-2.

4{ 1SO 185 Grey.cast irons

1 Overview

rey cast-irons are sometimes called flake graphite cast irons or lamellar graphite cast irons. Their
e specified in 1ISO 185:2005, Tables 1 and 2. The structure of grey cast irons contains graphite fl
ainly*pearlitic matrix as shown in Figure 1.

300 »

company
nd other

andards, it is specifically disallowed as a result of the belief that’a weld will act as a stress-raiser, promoting

4 special
anual arc
weldment
jesigners
e reliable
and joint
ding, the
lacement

roperties
akes in a
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Magpnification x 300 &Q‘
N

Figure 1 — Flake graphite in a pearlitic matli,{

o)
In reality,|the solidification of grey cast irons involves the formation of eé’ctic cells; each cell contains its own
continuoys graphite skeleton, as shown in Figure 2. Figure 2 is a st photograph of the surface of a grgy
cast iron putectic cell, after all of the metallic matrix has been etch ay to highlight the graphite structure.

QO

?§ Magpnification x 350
S

The eutectic cell structure can often be seen on machined surfaces, particularly when the finish is fine; this is
often misconstrued as being a discontinuous and defective structure. In reality, it is quite normal for the

material. It is caused by the machining operation slicing off the top of the cells to expose a section through
them, outlined by small amounts of trace elements, such as phosphorus, in the material.

Figure 3 illustrates a typical grey iron eutectic cell structure as revealed by a specific etching.
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Magpnification x 25 O\
N

Figure 3 — Eutectic cell outline orQ %e surface

Alcomplete eutectic cell is illustrated in the schematic diagr Qs own in Figure 4. Figure 4 not only |llustrates
three-dimensional image of the geometry of the graphgg ithin a cell, but also how a slice taken| across it
Iring machining or metallographic preparation in the | tory exposes an apparent flake graphite form.

&

Q. Q

Figure 4 — Schematic of the cut top of a eutectic cell

The volume of the graphite present is dependent upon the carbon content, whilst the eutectic cell size and
number determines the size of the graphite flakes. These factors largely determine the mechanical properties
of the material.
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4.2 Effect of structure on properties

When fla

ke (lamellar) graphite is present, its amount and distribution have a major effect in determining the

mechanical properties. Low-tensile-strength grey irons generally contain relatively large quantities of coarse
graphite flakes, often in association with ferrite in the matrix. Tensile properties increase as the quantity of

graphite
although
obtained

decreases, as the graphite becomes finer, and as the amount of ferrite in the matrix is reduced,
the last factor has the least influence. These changes in the direction of higher strengths are
by lowering the carbon and silicon contents (ultimately the carbon equivalent), by using good

inoculation techniques and, where appropriate, by alloying with pearlite-promoting elements.

NOTE
matrix, lar

4.3 Me

ISO 185

The relationship between the structure and properties of grey cast irons is that the graphite, rather than. the
pely dictates the tensile properties.

tal composition and carbon equivalent

promotin
are the ¢
(CEL) m
4,25is th
silicon le

manufac%.lrer, who will adjust the composition in order to meet the specified tensile requirements. Pearlite-

CEU

In most f
thermal 4
to within
ISO 185)
test.

Hoes not specify metal composition requirements. Metal composition is left to thecdiscretion of the

elements can be used to increase the amount of pearlite in the matrix, but the major control factofs
rbon and silicon contents. These contents are often evaluated in terms of earbon equivalent liquiddis
pasurement using a thermal analysis technique. The CEL is calculated using Equation (1), whefe
e CEL eutectic. All of the grades normally have hypoeutectic compositions. Reducing the carbon and
els increases the tensile strength, as shown in Table 6.

=(C+§ Ej%
4 2

pundries today, the phosphorus content is low and consijstent, such that the level can be inserted info
nalysis apparatus. A precise carbon content can be\obtained and the silicon content can be derivgd
t 0,15 % by automatic calculation. Those gradestspecified only on the basis of hardness (allowed |n
will require a CEL that is dependent upon thelagreed thickness of the casting at the location of the

Table 6 — CEL’ranges for ISO 185 grades

Material designation Typical CEL range
ISO 185(JLy100 4,0t04,2
1SO-185/JL/150 4,0t04,2
ISO 185/JL/200 3,8t04,0
ISO 185/JL/225 3,7t04,0
ISO 185/JL/250 3,61t03,8
ISO 185/JL/275 3,56t03,7
ISO 185/JL/300 3,4t03,6
1SQ 185/11 /350 35t036

These ranges assume good inoculation to provide a high level of nucleation and a satisfactory graphite form.
The ranges will enable the minimum tensile strength requirement of each grade to be achieved in separately

cast sam

ples of diameter 30 mm. These CEL ranges will not necessarily give the same properties in the

casting, however, due to section-sensitivity issues.

12
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4.4 Graphite form, distribution and size

The graphite precipitates in different forms, distributions, and sizes depending on the solidification rate and the
efficiency of inoculation.

The graphite form and size (as opposed to volume) are principally determined by the speed of solidification
and the number of eutectic cells. The speed of solidification is basically a function of the section size. Heavier
sections solidify more slowly than thin sections and therefore contain fewer, larger eutectic cells and coarser
graphite. Generally, the number of eutectic cells increases and the graphite distribution becomes finer when
an inoculating addition of silicon is made just prior to pouring the molten iron into the moulds. If inoculation

p
is]

actice is poor, less desirable graphite distributions result, but if inoculation is good, the graphite-d
optimized and higher tensile properties are obtained. ISO 945-1 characterizes the graphite
stributions as shown in Figure 5.

he five distributions of graphite are as follows.

ype A graphite. Uniform distribution and an apparent random orientation. Norimal® in well-prod
oculated materials.

ype B graphite: Rosette graphite. Typical of a moderate rate of cooling and not uncommon in mo
boling surface areas of the casting. Can be indicative of less than perfectinoculation.

ype C graphite: Primary graphite. Occurs in hypereutectic irons, that is, those with CEL values gre

ype D graphite: Undercooled graphite. Normally associated. with rapid rates of cooling and most c(
in sections, particularly if the inoculation practice is less'than perfect.

ype E graphite: Interdendritic graphite with preferential orientation. Normally occurs in strongly hyp
bns, that is, those with low carbon equivalents and solidified with a low or moderate undercooling,
th higher cooling rates.

e graphite form and size can be specified should this be necessary. The most common specificati
aphite form and size of grey cast iron, which is sometimes appended to the grade requirement, is |
ype A, size 4 to 6. However, because of section-sensitivity issues in castings of varying section thi
necessary to agree on the loeation and depth at which the test is made.

5 Section sensitivity

bction sensitivity (s,so important for the understanding of cast iron metallurgy and performance
pscribed in detail jn 3.3 with a specific example relating to grey cast iron. The ISO 185 grey cast irof
ost section:sensitive of all the cast iron materials, and it is essential that this be taken into accou
e designcalculations that predict actual performance in service.

25. Present in heavy sections as coarse plates and in light sections as clusters and star-like shapeg.

stribution

into five

iced and

re rapidly

ater than

mmon in

oeutectic
generally

O 945-1 also divides graphite into eight sizes, with size 1 being very coarse and size 8 being very fine. Thus,

bn for the
50 945-1
ckness, it

that it is
s are the
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Figure 5 — Reference diagrams for graphite distribution
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4.6 Effect of alloying elements

Alloying elements are sometimes added to grey cast irons in order to ensure a fully pearlitic matrix in the
higher-strength grades. These alloying elements are normally copper and tin, both of which promote the
formation of pearlite. Chromium is sometimes added; although it does assist in the formation of pearlite, it is a
powerful promoter of eutectic carbide and thus needs to be used with caution. Users sometimes ask for the
addition of such elements over and above the normal requirements of the standard, in the mistaken belief that
further improvement in properties will result. It must be understood that, when the matrix is fully pearlitic,
further additions of pearlite-promoting elements generally have an adverse effect on properties. For example,
tin promotes embrittiement, and in a fully pearlitic matrix, chromium can only promote carbide. Nickel, an
element commonly demanded in low amounts (up to about 2 %) in the belief that properties will be.gnhanced,
has a zero effect upon properties until the level present approaches the point where an austenitic| matrix is
f rmed. In general terms, the higher-strength grades are achieved with a fully pearlitic matrix gnd, most
portantly, with a well-formed graphite form resulting from good inoculation, rather than by.th€ introgluction of
uhnecessary alloying elements.

417 Heat treatment

Heat treatment is generally applied to enhance material properties. Grey cast'irons do not respond well to this
fgrm of treatment, because the graphite form principally dictates the properties, and any change in the matrix
sulting from a heat-treatment operation provides little improvement.

-
.

Spmetimes, particularly with grade JL/100, an annealing operation is requested, because the| principal
rgquirement is for high-speed machining, as opposed to mechanical properties. Remedial ngrmalizing
treatments are also employed to ensure a fully pearlitic matrix,”in cases when thick section castings have
cpoled slowly, resulting in a ferritic matrix, or to remove hard,.unwanted carbide. Typical heat treatment cycles
afe given in Table 7.

The most usual form of heat treatment operation utilized for grey cast iron is stress relieving. A very| common
problem in machine shops is that of dimensional change and distortion in castings, during or |after the
nlachining operation. This distortion is usually~caused by the presence of internal stresses in the casting
created by differing rates of solidification_and cooling in thick and thin sections, the presence of| cores to
prfoduce the internal casting geometry,-excessive shot cleaning, etc. Machining operations can change the
distribution of these stresses and cause distortion of the casting. Undertaking a series of stresg-relieving
operations as shown in Table 7 solves the problem. The thickest section of the casting determines the correct
timescale for the holding time at.a temperature for all heat treatments.

Table 7 — Typical heat treatment cycles for grey cast iron

Cycle Anneal Normalize Stress relieye

1. Raise the 100 °C to 200 °C per hour? 100 °C to 200 °C per hour? 100 °C to 200 °C perhour?
temperature

2. Holding 900 °C to 950 °C 900 °C to 950 °C 550 °C to 600 °C
temperature

3. _Hoelding time 1 h per 25 mm section + 1 h 1 h per 25 mm section + 1 h 1 h per 25 mm sectign + 1 h
Cooting 50~Ctot00—"Cperhourto betow [Air coor outside the furnace”® Stowcootimthefurmmace

200 °C (maximum 50 °C/h)

@  For thin section and fragile castings, this should be 50 °C/h to 100 °C/h.

For thick section castings, a fan may be necessary.

It is important to remember that machining operations can introduce internal stresses that result in distortion
and dimensional change, particularly if machining cuts are excessive, if feeds and speeds are too high, or if
clamping and jigging are insecure. The effects of these problems can be overcome by utilizing a
stress-relieving heat treatment, provided that there is sufficient material left for the final cut.
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4.8 Choosing the grade

The grades available in ISO 185 range from a 100 N/mm2 material with a mainly ferritic matrix, increasing in
strength to a 350 N/mm2 material with a fully pearlitic matrix. All of the grades have a defined minimum tensile
strength as indicated in ISO 185:2005, Table 1, but a requirement regarding the maximum strength is also
defined in ISO 185:2005, 7.2.1, and is often missed. For each grade, the maximum tensile strength is no more
than 100 N/mm2 above the minimum; for example, grade 200 has a tensile strength between 200 N/mm?2 and
300 N/mmZ. This is to prevent a situation in which a grade is supplied that has a tensile strength substantially
higher than the minimum, but with adverse effects on most of the other properties.

The lowdr-tensile-strength grades JL/100 and JL/150 have high carbon and silicon contents and thus-ihe
highest thermal conductivity and damping capacity. These grades are useful therefore in situations_whefe
tensile styength and hardness are not the crucial properties in service. Castings produced in these grades afe
likely to pe used in conditions where thermal conductivity and damping capacity are important, .Such as
bedplateg and optical benches, where there is little or no stress. The high carbon content of these materia|s
also imparts good lubricated bearing properties, provided that the environment does not nclude abrasiye
debris that can score and wear the soft matrix.

The intermediate-tensile-strength grades JL/200 to JL/275 have lower carbon and silicon contents with mainly
or completely pearlitic matrices. The thermal conductivity and damping capageity remain good, and the
higher-tepsile strength and hardness values provide superior wear properties. fhese grades therefore find|a
large number of applications in general engineering castings, such as pumps, and valves, machine tool beds,
and parti¢ularly automotive parts such as cylinder heads and blocks, brake drums and discs, and clutch platg¢s.
T.

The higher-tensile-strength grades JL/300 and JL/350 provide a ecombination of high strength whilst sii
maintainipg good thermal conductivity compared with other types:of- cast iron. These grades approach the
maximun) tensile strength attainable in grey cast iron. Applications therefore tend to be confined to thosge
where thermal conductivity requirements in service precludezthe use of one of the other higher-strength
materials|such as spheroidal graphite cast irons, which have«inferior thermal properties.

All the ISP 185 grades have elongation limited to a maximum of about 1,0 % and poor impact properties. Thiis
makes grey cast irons unsuitable for use where ductility properties are required.

5 1S0|1083 Spheroidal graphite cast irons

5.1 OwVerview

Spheroidal graphite cast irons are sometimes called ductile or nodular cast irons. Their properties afe
specified|in ISO 1083:2004,-Fables 1 to 4. The structure of spheroidal graphite cast irons contains graphite jn
spheroidal form as shown“in Figure 6 (in this case in a mainly pearlitic matrix). ISO 1083 specifies grades
ranging ffom fully ferritic\materials with tensile strengths above 350 N/mm?2 and elongation in excess of 22 o
to fully pdarlitic materiafs with tensile strengths above 900 N/mm?2 and elongation as low as 2 %.
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Magnification x 500

Figure 6 — Pearlitic spheroidal graphite‘cast iron

The normal production route for spheroidal graphite cast irons is t67add a small percentage of magngsium to a
nolten alloy with low sulfur content. This procedure is followed’ by an addition of silicon to counferact the
carbide-promoting effects of the magnesium. The result of this treatment is a material that containg graphite
spheroids, as opposed to graphite flakes; importantly, unlike grey cast irons, spheroidal graphite ¢ast irons
solidify without the formation of eutectic cells. In genesal terms, the graphite spheroids are about| 0,5 % to
1]0 % as large as the eutectic cells normally seen in.awell-inoculated grey cast iron.

5|2 Effect of structure on properties

The mechanism of solidification is entirely different from that of grey cast irons, which results in a wjde range
of grades with tensile properties that.are;substantially higher than grey cast iron can achieve. This difference
inl properties results from differencés in graphite form. Graphite flakes have a large ratio of surface area to
volume, and because they are sharp edged, they act as stress raisers. By comparison, graphite $pheroids
approach the optimum in terms“of surface area to volume ratio, and do not act as stress raigers. The
opportunity also exists to utilize a variety of different matrix structures ranging from fully ferritic to fully pearlitic
by the controlled choice of raw materials, alloying, and heat treatment.

T

pr this reason, the\matrix dictates the structure of spheriodal graphite cast irons and thus the tensile
operties. This is"the opposite situation to that which pertains with grey cast irons.

O

5|3 Metalcomposition and carbon equivalent

30 1083 does not specify metal composition requirements; metal composition is left to the discretjon of the
mlafufacturer. The mechanical property requirements of the various grades in the specification afe met by
C ID‘III;L;G: bUIII}JUD;t;UII dl IdIIUI hcat tlcdtlllcl It. Bcbauac thb‘ Illdtl ;)\ pl;llb;pd“y diutatca thc plupcl"li,S Of the
spheroidal graphite cast irons, the carbon equivalent does not need to be controlled in the same way as in
grey cast irons. In principle, it is possible to meet the material demands of all the grades using a fairly narrow
range of carbon and silicon contents. The phosphorus content of spheroidal graphite cast irons needs to be
kept low, generally less than 0,04 %, and thus has little influence on the carbon equivalent liquidus value
(CEL). The carbon content remains constant, and the silicon content is commonly maintained at about 2,0 %
to 2,25 % in irons that are heat treated. In irons requiring high-impact properties at low temperatures, the
silicon content is maintained between 1,9 % and 2,1 %. However, for the vast majority of the spheroidal
graphite cast iron produced, in most of the grades, the base composition values are as given in
ISO 1083:2004, Table A.3. In practice, most manufacturers operate as closely as possible to the eutectic
value of 4,25 % CEL. The major exception is the case of the high-silicon grades with improved machinability
(see 1ISO 1083:2004, Annex A).
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Table 8 — Typical base composition of spheroidal graphite cast irons

Carbon content, % 3,40 to 3,90
Silicon content, % 2,40 to 2,702
CEL, % 4,00 to 4,27

a8  Sicontent can be outside this range, depending on the section thickness.
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deterioration in graphite form occurs. This phenomenon is illustrated in Table 9, which shows the properties

three JS/

Aphite form and size

lirement is specified because non-spheroidal graphite can reduce mechanical properties. Th
of less than perfect graphite spheroids is not unusual, which is why ISO 1083 refers:to the materi
the carbon present mainly in the form of graphite spheroids.

I designates six forms of graphite defined as Forms | to VI. These are shown.in Figure 7.

in Form V and Form VI. However, it is inappropriate to specify. percent nodularity unless th
) percentage of graphite is also specified. A spheroidal graphite gastliron containing 91 % of Form
of Form |, for example, would meet the nodularity requirement of 90 %, but not the mechanic
5 required by ISO 1083. Although it could be argued that the réequirements of 1ISO 1083 would filt
hsatisfactory material, it is far better to be specific by desighating the full requirement for the graphi
reference to 1ISO 945-1. This designation, for example,~might be “more than 80 % Form VI, mo
b of Form VI and Form V, with the remainder of FormJlll”. ISO 945-1 also designates eight sizes
The graphite size can be specified together with ‘the form, if this is considered important. Prior
y specifying the graphite form and size, howeyer, the user should understand the issues related
n sensitivity and its effect upon the graphite.

bll thickness increases, the graphite’ spheroids become larger, the number of spheroids is reduce
raphite shape may deterioratefrom Form VI to Form V or IV. Therefore, the mechanical properties
er sections will be lower than those in the thin sections. Thus, when graphite form and size a
in the casting, it is imperative that the test location be agreed between the manufacturer and th
oid conformance disagreements. If the form and size are specified within a separately cast sampl
| to validate the matérial’as part of routine control procedures, it is important to note that the form ar
b graphite in the casting may be different from that in the sample.

the matrix defines the properties, these properties may not be seriously affected until a significa

500-3 materials, each of which has a similar amount of pearlite in the matrix.

bl graphite shape, often referred to as “percent nodularity”, is often specified in €ompany
ions in addition to the material grade. A common requirement is “nodularity to be greater than 90 %".
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FORM V FORM VI

Figure 7 — Graphite forms in ISO 945-1
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Table 9 — Typical tensile properties of spheroidal graphite cast irons at selected percentage

nodularity and percentage pearlite

5.6 Effect of alloying elements

Nodularity Pearlite Tensile strength | 0,2 % Proof strength | Elongation
% % N/mm? N/mm? %
100 65 679 399 9,0
75 70 632 386 50
45 68 534 343 5,0
NOTE The degradation in properties due to lower nodularity is different for ferritic matrices. The section
sensitivity increases as the hardness increases.

When th

amount gf pearlite. The most common pearlite-promoting elements are copper and tif;-tin promotes pearli
about 10| times more powerfully than an equal percentage of copper. Copper is‘\nermally used, howevg
because [it increases the tensile strength and maintains a higher ductility than-tin/ The important aspect
alloying tp produce pearlite is that, once the structure is fully pearlitic, further*additions of pearlite-promotiri
elements| increase embrittlement, with possible adverse effects on service performance. Users who speci
alloy additions, supplementary to the designated mechanical propertiesi.need to be aware of this probler
Users shpuld confine their requirements to the mechanical properties.of the standard grade and allow th

manufac

5.7 Ma

Table 10
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Elements
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All grade
little or n
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shot clea
JS/800-2
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It is impo
of proof g

pearlitic grades are produced, there is a tendency to add alloying elements to“obtain the requirg

rer to identify the necessary alloying levels.

trix structure and resultant properties

shows the properties of the 15 grades of spheraidal graphite cast iron specified in ISO 1083:200
buld note that, as the tensile strength increases, there is an accompanying reduction in elongatio
such as copper or tin are added to produce the higher-strength, lower-ductility grades, as theg
e pearlite-promoting elements that raisg, the tensile strength, but lower the elongation.

5 can be produced from lower-purity,raw materials, followed by heat treatment. In this case, there
b difference in the mechanical properties compared with the as-cast route, although the lower-puri
voided because of increased:cost associated with both the heat treatment operation and addition
hing. The exceptions are,grades JS/800-2, JS/900-2, and some of the impact-resistant grades. TH
and JS/900-2 grades are-heat treated because of the difficulties of meeting the high tensile streng
bnts, whilst some of the impact-resistant grades are heat treated to ensure that the required Chary
5 are met.

rtant to note that'\grades JS/450-10, JS/500-7, JS/500-10 and JS/550-5 have a balanced combinatiq
trength and\etongation. This point is often missed.
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Table 10 — Structure and properties of ISO 1083 cast iron grades; minimum values obtained from

separately cast samples

Tensile 0,2% Elongation
Material strength Proof strength Typical matrix
designation R, Rp0,2 Ag structure
N/mm?2 minimum | N/mm2 minimum % minimum
ISO 1083/JS/350-22LT/S2 350 220 22 Ferrite
15O T083/JS/350-22-RT7SP SoU 220 4 rerqite
13O 1083/JS/350-22/S 350 220 22 Ferllite
IBO 1083/JS/400-18-LT/S® 400 240 18 Ferllite
15O 1083/JS/400-18-RT/S° 400 250 18 Fer||ite
13O 1083/JS/400-18/S 400 250 18 Fer||ite
130 1083/JS/400-15/S 400 250 15 Ferllite
130 1083/JS/450-10/S 450 310 10 Mainly ferrite
13O 1083/JS/500-7/S 500 320 7 Ferrite with pearlite
18O 1083/JS/500-10/S 500 320 10 Ferrite with pearlite
13O 1083/JS/550-5/S 550 350 5 Ferrite with pearlite
13O 1083/JS/600-3/S 600 370 3 Mainly pearlite
130 1083/JS/700-2/S 700 420 2 Peatlite
18O 1083/JS/800-2/S 800 480 2 Pearlite or tempered
martepsite
13O 1083/JS/900-2/S 900 600 2 Bainite or fempered
martensite
NOTE 1  The values for these materials apply to-castings that are cast in sand moulds of comparable thermal behaviour.| Subject to
gmendments to be agreed upon in the order, these values can apply to castings obtained by alternative methods.
NOTE 2 Whatever the method used for,obtaining the castings, the grades are based on the mechanical properties measured on test
pjeces machined from samples separately cast in a sand mould or a mould of comparable thermal behaviour.
NOTE 3 The mechanical properties)of the materials refer to separately cast samples produced in accordance with Figures [, 2 or 3.
NOTE 4  Elongation values,are determined from L, = 5,. For other gauge lengths, see ISO 1083:2004, 9.1 and Annex B.
NOTE5 1 N/mm?2 =1 Mpa.
a8 LT for low temperatures (-20 °C or —40 °C).
bl RT for room temperature (23 °C).
5/8- ‘Spheroidal graphite cast iron with high silicon content

One grade with high silicon content is specified in ISO 1083:2004, Annex A. The composition is not specified,
but ISO 1083:2004, A.4.3 gives a typical value of about 3,7 % Si. The advantage of these materials is that

they have improved machinability and more consistent hardness.
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5.9 Special case of impact-resistant grades

Tables 2 and 4 of ISO 1083:2004 specify the minimum impact resistance values from separately cast samples.

These materials are specifically designed for situations where impact conditions may occur at ambient
temperature, —20 °C, and —40 °C. They do not meet the impact properties that can be obtained from some
steels, but do find many applications, such as steering knuckles in vehicles that need to be operated
successfully at widely differing temperatures. The properties are summarized in Table 11.

Table 11 — ISO 1083 impact values

Minimum impact resistance values
J
Matdrial designation Room temperature Low temperature Low temperature
(256+5)°C (-20+2)°C (-4022) °C
Mean Single value Mean Single value Megn Single valug
of 3 tests of 3 tests of 3 tests

ISO 1083(JS/350-22-LT/S? — — — — 12 9
ISO 1083JJS/350-22-RT/SP 17 14 — — — —
ISO 1083JS/400-18-LT/S? — — 12 9 — —
ISO 1083JS/400-18-RT/S" 14 11 — — — —
NOTE 1 |[The values for these materials apply to castings that are cast in sand moulds”of comparable thermal behaviour. Subject fo
amendmerjts to be agreed upon in the order, these values can apply to castings obtained by alternative methods.
NOTE 2 |Whatever the method used for obtaining the castings, the grades are‘based on the mechanical properties measured on te$t
pieces ma¢hined from samples separately cast in a sand mould or a mould, of €émparable thermal behaviour.
NOTE 3 [These material grades may be suitable for some pressure vessel applications.
@ LT for{low temperature.
b RT fof room temperature.
Productign of the ambient temperature grades is not particularly difficult, providing that the material has a fully

ferritic matrix. However, the low-temperature grades, particularly the grade with specified impact properties

-40 °C, d
specified
2,0 % an
addition §
the requi
ferritic m
materials|

an be difficult to make, unless the normal metal composition is modified. (Metal composition is n
in ISO 1083.) Success depends upon a reduction in the normal silicon content to about 1,9 %

1 an addition of about 0,8 % nickel. The lower silicon level raises the impact value and the nick
trengthens the matrix) to ensure achievement of the minimum proof-strength value. It is unlikely th
red impact values“will be met in the —40 °C material, unless it is then annealed to ensure a fu
ptrix. Designers.and engineers must understand that, to achieve fithess for purpose from theg
these guidelines must be followed and the associated costs must be accepted.

5.10 Hefat treatment

Because

of the associated costs compared with the use of high-purity pig iron and good-quality steel scrap

at
Dt
(o]
el
at
ly
e

it

is not normal practice for the ferritic grades to be manufactured using an annealing treatment. However, this
can be done by annealing at 900 °C and then slowly cooling to ambient temperature. The time interval at this
temperature depends upon the size and packing density of the castings in the batch. Mechanical properties
are normally the same as those found in as-cast ferritic castings, but because it is possible to use a lower
silicon content when heat treating, impact values tend to be slightly higher and machinability is improved.
Annealing, as described in 6.8, should be considered mandatory for those grades requiring high impact values
at —40 °C.
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Normalizing is sometimes undertaken to achieve the properties in the pearlitic grades, usually to raise
properties when as-cast tensile strength values are low. 1SO 1083:2004, 10.4, allows for this normalizing
treatment. A typical normalizing process involves raising the temperature of the castings and holding at
900 °C for 1 h, plus one additional hour for each 25 mm of section thickness; the thickest section is the
criterion for determining the time. The castings are then air cooled; thicker castings can benefit from the use of
forced air from a fan. Where many small castings are normalized in a batch, they need to be separated, in

order to allow a satisfactory cooling speed.

5.11 Relationship between ferritic spheroidal graphite cast iron and ferritic steel

Ferritic steels are generally considered to have superior properties to spheroidal graphite cast irans|, and this
is| generally true when the materials are compared at room temperature or above.
This is not the case at sub-zero temperatures, however, where the impact properties and fracture tpughness
in particular begin to converge. This is illustrated in Figures 8 and 9, which show the'pattern of change as
tgmperatures are reduced. The curves with triangular markers relate to a fully ferriticxlow-carbon steel, whilst
tHe curves with the square markers relate to a fully ferritic spheroidal graphite_cast iron. At these low
tgmperatures, the two materials could be considered as interchangeable in service. More details fegarding
tHis subject are given in ISO 1083:2004, Annex C.
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Figure 8 — Comparison of impact values at various temperatures between ferritic ductile cast irons

and low-carbon steels
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grades of spheroidal graphite cast iron have a-fensile strength exceeding that of the highest-tensil
grade of grey cast iron, together with much higher elongation and impact resistance. Th
ate-tensile-strength grades have a balanced combination of mechanical properties, with tensi
proof strength, and elongation specifications between those of the ferritic and the pearlitic grade
pearlitic grades have high tensile sttengths whilst still exhibiting some ductility. Therefore, there is
je of property combinations from\which to choose. Other properties, typical of the materials, a
red in ISO 1083:2004, Table Gyl.

S/350-22-LT and JS/400-18<LT are specifically designed to provide good impact properties at o

d valves that are likgly-to operate in sub-zero temperatures; for example, in refrigeration applicatio
r conditions in countries with cold climates. The other JS/350 and JS/400 grades can be utilized
plications where ténsile strength is less important than their impact and elongation properties.

S/450-10;~JS/500-7, JS/500-10 and JS/550-5 have good combinations of tensile strength ar
h, although the impact properties are reduced by the pearlite present, and, in the case of tf
DS grade, the higher silicon content. These grades have applications where higher strength
on.with good ductility are required. As the fatigue properties increase in proportion to the tensi

strength,

ire. These impact-resistant grades are commonly used for automotive and other parts such Is

W

S
n

|||||

suspension units and reciprocating parts fall into this category.

Grades JS/600-3, JS/700-2, JS/800-2, and JS/900-2 have high tensile strengths with low elongation and low
impact resistance. They are valuable either directly because of their high tensile strength, or indirectly
because this property imparts good fatigue properties. The best example of this is the automotive crankshaft:
a huge percentage of the world’s total production uses JS/700-2 or JS/800-2 to avoid fatigue failure in service,
with the tensile strength actually being immaterial to the service conditions. In order to achieve satisfactory
service performance, the actual choice of a material in the range JS/600-3 to JS/900-2 depends on the design
requirements in terms of tensile strength and other properties.

24

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=7e871a60153af981f0a92932445ef881

ISO/TR 10809-1:2009(E)

One important point about the whole range of spheroidal graphite cast iron grades is that their thermal
conductivity is less than that of grey cast iron, as shown in ISO 1083:2004, Table G.1. If a grey cast iron has
insufficient tensile properties for an application, then before a spheroidal graphite cast iron is chosen, care
should be taken to ensure that any heat transfer issues have been carefully assessed. Compacted graphite
cast iron fills the gap between these two materials in terms of thermal conductivity (see Clause 6).

6 1ISO 16112 Compacted (vermicular) graphite cast irons

ompacted graphite cast irons are sometimes called vermicular graphite cast irons. Their(propgrties are
pecified in ISO 16112:2006, Tables 1 and 2.

L Q

The ideal structure contains graphite as shown in Figure 10. The benefit of using this material is related to its
sirength, which is higher than most grey cast iron grades, but with a thermal conductivity approachipg that of
grey cast iron.

Magnification x 300

Figure 10 — Pearlitic compacted graphite cast iron

This graphite formy which is unlike the normal smooth-sided and sharp-pointed Type A flake graphitg found in
gley cast ironsyis stubby and compacted; hence the name. Such graphite can result accidentally, particularly
in heavy sections, from the presence of high levels of nitrogen in the iron. In terms of 1ISO 16112,|it results
frbom treafing with magnesium in a concentration insufficient to produce spheroidal graphite. |Whereas
sphefeidal graphite cast irons typically contain about 0,04 % to 0,06 % magnesium, compacted graphite iron
contains about 0,015 % to 0,025 %.

For reasons related to the section sensitivity, it is common to see some spheroids in a compacted graphite
iron, as illustrated in Figure 11.
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Magnification x 200

Figure 11 — Graphite spheroids in a compacted graphite cast iron

Deep etching shows the compacted nature of the graphite in the eutettic'cell in Figure 12.

—

Magnification x 350

Figure 12 — Deep-etched compacted graphite cast iron

6.2 Why use compacted graphite cast iron?

Compacted graphite cast irons have been found to have properties that are generally about midway between
the grey and spheroidal graphite cast irons, with the exception of their thermal conductivity, which tends to be
closer to that of grey cast iron. These properties are of benefit in circumstances where thermal conductivity is
important, but where grey cast iron does not have tensile or other properties that are suitable for the
application. Because the graphite flakes are stubby as a result of the treatment process, the tensile properties
are raised, such that the lowest grades of compacted graphite iron are comparable with the highest grades of
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the grey cast irons. Thus, there is increased strength in combination with good thermal properties, which can
be utilized where heat transfer is important. This property is of particular benefit in the automotive industry for
the manufacture of cylinder blocks, although many other applications have also been found. Typical thermal
conductivity properties of grey, spheroidal graphite and compacted graphite irons are given in Table 12, for

comparison purposes.

Table 12 — Thermal conductivity of grey, spheroidal, and compacted graphite cast irons

Comparison of thermal conductivity

WK —Dby Grade

pbheroidal graphite cast iron, the matrix structure can be modified by alloying or sometimes by heat t

irpns are between those of greytand spheroidal graphite cast irons. With compacted graphite cast i
e matrix and the amount of/spheroids present in the structure influence the properties of the materi

[<}]

4 Metal composition and carbon equivalent

O 16112 does_not-specify metal composition requirements; metal composition is left to the discret
anufacturer. The‘mechanical property requirements of the various grades in the specification are us

alloying. As-with spheroidal graphite irons, the carbon equivalent does not need to be controll
me way as in grey cast iron. In principle, it is possible to meet the material demands of all th
utilizing-a-fairly narrow range of carbon and silicon contents as shown in Table 13. The phosphorus ¢
tHe cempacted graphite cast irons needs to be kept low, generally less than 0,04 %, and thus

0T 35

s
tq produce a range of mechanical properties. Therefore, most of the properties of compacted gra%hite cast
ir
th

Material/Grade Teo’gp' JL/A50 | JL/200 | JL/250 | JL/300 | JL/350
100 66 53 51 48 45
Grey
400 47 44 42 41 40
. Temp.
Material/Grade oc JVv/300 JV/350 JVIi400 Jv/450 JVv/500
100 45 42 39 37 35
Compacted
400 42 40 38 36 34
Material/Grade T%rgp' JS/400-18 | JS/500-7 || Blank
100 36 35 Blank
Spheroidal
400 36 35 Blank
6|3 Effect of structure on properties
Deep etching of the material shows that the'compacted graphite remains largely within eutectic cells] as is the
case for grey cast irons, but the spheroids-remain outside. Also, because the production route mirrgrs that of

reatment,

ns, both

on of the
ually met
ed in the
e grades
ontent of
has little

influence on the CEL value. In practice, most producers operate as close as possible to the eutecti

value of

4,25 % CEL.

Table 13 — Normal base composition of compacted graphite cast irons

Carbon content, % 3,40 to 3,90
Silicon content, % 2,40 to 2,702
CEL, % 4,00 to 4,27

@  The Si content can be outside this range, depending on the section thickness.
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6.5 Graphite form and size

ISO 16112 describes a compacted graphite cast iron as a material that contains a minimum of 80 % of the
graphite in the compacted form, defined as Form Ill in ISO 945-1. The remaining graphite should be defined
as Forms V or VI. The six graphite forms are shown in Figure 7.

In 1ISO 16112, typical nodularity is between 5 % and 20 %. This is illustrated in 1ISO 16112:2006, Annex B,
which also gives guidance on graphite particle size and roundness. The nodularity microstructures can be
used as comparators against which test samples can be evaluated at x 100 magnifications.

In 1ISO 945-1, Form designations lll, 1V, V, and VI give rise to the common expression “percent nodularity
when depcribing the graphite structure of both compacted and spheroidal graphite cast irons. Howevar,
opposing| meanings can apply, depending whether the reference is to compacted or spheroidal graphite cafst
iron. For compacted graphite cast iron, percent nodularity means the maximum amount of spheroids that afe
acceptable in the material, whereas in spheroidal graphite cast iron it means the minimum acceptable amount
of spherdids.

ISO 16112:2006, B.10 requires the location of the nodularity test to be agreed between<the: manufacturer and

this is copsidered important.

6.6 Segtion sensitivity in compacted graphite cast iron

As with gll of the cast irons, designers and engineers need to understand the metallurgical issues related {o
the strucfure and section sensitivity in compacted graphite cast-iron, in order to obtain maximum advantages
from the material.

The manpfacture of compacted graphite cast iron is similar to the production of spheroidal graphite cast irop;
however,| compacted graphite cast iron with a sttucture similar to that shown in Figure 7 has a sectign
sensitivity closer to grey cast irons. This section-sensitivity similarity is because of the formation of euteclic
cells with| a compacted geometry. As the wallthickness increases and the solidification rate decreases, thefe

i ; cat-and atprop s—afd—should atter,
specify this area as the location for the test. ISO 16112 specifies a maximum of 20 % of Form V and Form VI
graphite, which would then apply in this location. The manufacturer can adjust the treatment process to meet
the specified requirement in the appropriate section, but, if there is a wide variation in the wall section
thickness, cannot adjust the process to provide a uniform structure throughout the casting. This problem
needs to be understood, and this is the reason why the test location needs to be agreed between the
manufacturer and purchaser.
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6.7 Matrix structure and the resultant properties

ISO 16112:2006, Table 1, shows five grades of compacted graphite cast iron. As the tensile strength
increases from grade to grade, the elongation decreases. The lowest-tensile-strength grade (JV/300) has a
mainly ferritic matrix; the highest-tensile-strength grade (JV/500) is fully pearlitic. The intermediate-tensile-
strength grades contain mixtures of ferrite and pearlite. Alloying additions are normally introduced into the melt
to produce the various grades, because this provides a greater measure of control than other methods, such
as the selection of suitable steel scrap in the manufacturing process. The alloying additions are usually the
same as those used for spheroidal graphite cast irons. Copper is normally added, with tin as an alternative.

6/8 Heat treatment

Heat treatment is not required specifically as part of the manufacturing process, although remedial gction can
be taken if test pieces fail to meet specified properties. Such remedial action would involve 'either anpealing or
nprmalizing. Stress relief is a further option in the case of complex parts that may.produce dimensional
change during machining.

6|9 Choosing the grade

All of the compacted graphite cast iron grades are primarily used in applications where heat dissipation is an
important design property.

09

rade JV/300 has the lowest tensile strength together with the_highest elongation and thermal conductivity.
hus, it is ideal in circumstances where strength is not the main. griterion in design. (It should be ke;l;t in mind
at the tensile strength of JV/300 is higher than that of mast 6f the grey cast iron grades.) Examplds of uses
JV/300 are in the manufacture of some exhaust manifelds*and cylinder heads for large marine applications.
rade JV/500 has the highest strength and still retains good thermal properties and improved wear resistance,
Ut its ductility is negligible. This grade is commonly{used in the manufacture of automotive cylinder blocks
nd other components that are highly stressed in.service, because the fatigue properties are also improved,
le to the higher tensile strength. The intermediate grades from JV/350 to JV/450 show progressive [ncreases
tensile strength, wear resistance and fatigue' properties whilst providing good thermal conductivity and are
sed in a wide range of applications, such-as bedplates, brake drums and discs, pump housings| cylinder
locks and hydraulic components.

—
-

TCSan oo

7| 1SO 5922 Malleable cast irons

711 Overview

0 5922 specifies’the requirements for two types of malleable cast iron: blackheart and whitehedrt. These
aterials are produced with a low silicon content, such that solidification in the mould results in castijgs with a
sfructure comprising a combination of pearlite and carbide. At this stage, they are commonly referfred to as
being in the“hard” state.

3 ;

Tp produce the required structure comprising graphite in a ferritic, pearlitic, mixed ferritic/pearlitic or quenched
and tempered matrlx all malleable castlngs are subjected to heat treatment and here the processing of
blackheart—and A i arealed in a
neutral, non- decarbunzmg atmosphere, whereas whlteheart malleable cast irons are annealed in an oxidizing,
decarburizing atmosphere. A variant of the whiteheart malleable heat treatment process involving intensive
decarburation provides an important third type of malleable cast iron known as whiteheart weldable malleable
iron.

The original reason for these definitions of malleable cast irons is the colour and appearance of the fractured
section of the material. Blackheart, as a fully ferritic material, has a dark-to-black fracture appearance,
whereas whiteheart and also the pearlitic blackheart grades usually exhibit a bright crystalline, white fracture,
which is associated with the presence of pearlite in the matrix. Even in wall thicknesses where the whiteheart
and weldable grades are fully decarburized, that is, where no pearlite exists, their fractures are a fine
crystalline velvety grey.
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In previous malleable specifications, three types of malleable cast irons were standardized: blackheart,
whiteheart and pearlitic. However, in ISO 5922:2005, the pearlitic grades are incorporated into the blackheart
section, because the chemical composition is the same as that of the ferritic grades and the annealing
processes are very similar. Thus, in the terms and definitions (Clause 3 of ISO 5922:2005) malleable cast
irons are now subdivided as follows.

a) whiteheart malleable cast iron;

b) blackheart malleable cast iron:

1) plackheart ferritic malleable cast iron;
2) plackheart pearlitic malleable cast iron.

These revised definitions, which are now used in other International Standards, have been chighlighted o

avoid an
still be dg

Properties of the malleable cast irons are specified in ISO 5922:2005, Tables X and 2. Ten grades pf
blackheaft malleable cast iron are specified with tensile strengths ranging from 275 N/mm? to 800 N/mm?, with
correspoiding elongations between 10 % and 1 %. Five grades of whiteheart-malleable cast irons afe

specified
3%. The

typical values are given in ISO 5§922:2005, Annex A.

When vig
upon the
graphite

Due to it$ higher silicon content, the temper carbon nodutes in blackheart malleable cast irons are normally

smaller a

In whiteh
decarbur
complete
about 6
and temp

temper carbon nodules behind the ferritic rim and the transition zone.

Figure 13
decarbur
absent, a

confusion related to requirements specifically for pearlitic malleable iron, which may, for example
manded on old drawings and company specifications.

with tensile strengths between 350 N/mm? and 550 N/mm? and with. élongations between 12 % and
malleable cast irons also have useful impact properties; these impact values are not specified, but

wed under a microscope, temper carbon nodules are obiserved in a range of matrices depending
grade, and they tend to be more ragged in appearance than the spheroids found in spheroidal
ast irons.

nd more numerous than those in whiteheart malleable cast irons.

eart malleable cast irons, the number of temper carbon nodules depends upon the degree pf
zation, which is related to wall thickness and solidification rate. Wall thicknesses of 3 mm or less afe
y decarburized. They do not contain~any graphite or pearlite, whereas wall thicknesses of less than
nm contain a ferritic rim, followed by a transition zone containing increasing percentages of pearlite
er carbon. Finally, in wall thickhesses greater than 6 mm, there is a core zone of 100 % pearlite and

shows the different-structures of a whiteheart malleable cast iron material. In the case of a fully
zed weldable whijteheart material, the carbon is removed, pearlite and temper carbon nodules afe
nd the structure-isfully ferritic.
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alleable cast irons is given in ISO/TR 10809-2, which a‘h ing prepared.
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Figure 13 — Whiteheart malleable cast iron (left to right: temp >one, ferritic rim, transition zone,

rovided that the carbon content is 0,3 % or less, whitehe %alleable cast irons can be welded without
filizing additional processing methods and special welding\techniques. Further information on the welding of

gure 14 shows a typical ferritic blackheart mall@B@cast iron material. Figure 15 shows a typicql pearlitic

Magnification x 200

Figure 14 — Ferritic blackheart malleable cast iron
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Figure 15 — Pearlitic blackheart malleable cast iron

tal composition and carbon equivalent

mposition is not specified in ISO 5922. However, blackheart and whiteheart malleable cast irg
have different compositions, which are related to the,differing time and temperature parameters
ment described below. The chemical composition of weldable malleable cast irons can be optimizd

rt malleable cast iron grades have always~contained typically about 3,0 % to 3,4 % carbon wi
D,6 % silicon. The composition of the blackheart malleable cast iron grades, however, have changg
ears. Originally, blackheart malleable cast irons contained about 2,0 % to 2,5 % carbon and 0,8 %
con and required long heat treatment'times to produce the required ferritic matrix. Nowadays th
ntent is 1,25 % to 1,50 %, because’the increased silicon level substantially reduces heat treatme
thus the cost.

carbide,

Manganegse is used to neutralize the carbide-stabilizing effect of sulfur in malleable cast irons. The oth
elements| of major importance are chromium and phosphorus. They ideally need to be maintained belg

0,05 %

The simglified carbon equivalent formula [Equation (1)] is valid for malleable cast irons too and, in the pas
CEL determination was used as a measure of control. The compositional ranges are so narrow that th
procedure thas partly been replaced by the rapid spectrographic analysis. However, the CEL technique ha

s added to some grades of blackheart malleable cast irons to ensure a stucture completely free
articularly in thicker sections and to ensure increased resistance to hot-tearing.

and 0,1 %Ps.because higher percentages have adverse affects on structure and properties.

th
d
o
e
ht

232

—

not becorne superfluous.

7.3 He

at treatment

Heat treatment is a fundamental requirement for the production of malleable cast irons, because it converts a
virtually unusable iron-carbide-containing material into the range of useful engineering grades described in
ISO 5922.
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7.3.1 Blackheart malleable cast irons

To avoid excessive scaling, blackheart malleable cast iron castings are heat treated in a controlled non-
decarburizing atmosphere, i.e. under a neutral protective gas with a predefined dew point at a graphitizing
temperature of about 930 °C to 960 °C, during which the iron carbides decompose to form temper carbon in
an austenitic matrix. The rate of decomposition of the eutectic carbide regulates the length of the holding time.
This so-called first annealing stage is identical for all ferritic, pearlitic and quenched and tempered blackheart
malleable cast irons.

For ferritic blackheart malleable cast irons, the first stage of annealing is followed by fast cooling in the same
fyrnace o 800 °C. The temperature range between 800 °C and 720 °C is passed very slowly at a_cooling rate
tHat continuously decreases from an initial 10 °C/h to a final 1,5 °C/h to 2.0 °C/h. During this annealing phase,
tHe austenite is gradually converted to ferrite plus graphite, with the graphite segregating out-ofithe [austenite
nd accumulating on existing temper carbon nodules. At approximately 720 °C, the castihgs are|removed
from the furnace and are quickly cooled to room temperature by blowers. This heat-treatmen{ process
generates a structure of temper carbon nodules in a ferritic matrix. The temperature tanges of the three
sfages described above is highly dependent upon the silicon content of the material'ahd the annealing cycle
ay need to be adjusted accordingly.

QO

3

r the case of blackheart pearlitic cast irons and the quenched and tempered grades, at the end df the first
nealing stage of around 930 °Cto 960 °C, there is fast cooling down toa‘temperature of 900 °C tp 905 °C.
he castings are then ejected from the furnace and intensively cooled“by blowers. This provides a|basis for
e second annealing stage, which produces the different grades ofy'pearlitic and quenched and fempered
ackheart malleable cast irons.

Tt o

he second annealing stage for the pearlitic grades is operated in low-temperature annealing furngces. The
blding temperature and time define the grade, and thus.the mechanical properties. Annealing temperatures
nge from 720 °C to 680 °C with holding times between 2 hours and 5 hours. This holding temperature and
ime depend on the elements C, Si, Mn, P, and S,:tegether with trace elements such as Cr, Ni, Sn, and Ti
hich may affect the annealing cycle. The secondsannealing stage results in a transformation from lamellar to
anular (or spheroidized) pearlite with noticeably improved elongation and toughness properties| Another
oduction option for blackheart pearlitic malleable cast iron involves alloying with manganese, which is a
parlite stabilizer. The second-stage annealing cycles must then be modified accordingly. By annealing
ackheart malleable cast iron in a neutral-atmosphere, the structure is almost uniform throughout all casting
ections, unlike whiteheart malleable-cast iron, which is annealed in an oxidizing/decarburizing atmogphere.

o =2 -

TTTQ S =

(7]

713.2 Whiteheart malleable cast irons

Whiteheart malleable cast-irons are produced by annealing the castings in an oxidizing/decarburizing
afmosphere using either.iron ore or a controlled gas atmosphere.

Modern gas malleablizing is carried out in annealing pots without iron ore in a controlled gas atmosphere
including the injection of water vapour into the annealing furnace. The K, value (CO,/CO ratio) adjusts the
oxidizing potential thus created and the annealing temperatures can be elevated to between 1 050 °C and
11060 °C, which significantly shortens the graphitization and decarburization processes during the annealing
pfocess;

The—~mechanical properties of whiteheart malleable cast irons are primarily affected by the degree of
decarburization, and thinner wall thicknesses generally decarburize faster than thicker ones. Thus, the
structures and the mechanical properties are dependent upon the wall thickness. ISO 5922 accommodates
this fact by standardizing four test pieces with 6 mm, 9 mm, 12 mm and 15 mm diameters. In the rupture test,
the 6 mm test pieces show the lowest tensile strength but the highest elongation, whereas the 15 mm test
pieces possess the highest tensile strength and the lowest elongation.
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The second stage of annealing is comparable with that for blackheart malleable irons. Because of the very
slow cooling in the temper pot, castings annealed in iron ore must undergo a normalizing treatment at 860 °C
to 870 °C followed by an air quench, prior to spheroidizing the pearlite. The spheroidizing temperatures for
whiteheart malleable cast irons are between 700 °C and 760°C, according to the material grade to be targeted.
By lengthening the annealing time, weldable malleable cast irons can be decarburized to a maximum residual
carbon content of 0,3 % in wall thicknesses of <8 mm, to guarantee unrestricted weldability. Therefore,
compared with normal whiteheart malleable cast iron, grade JMW/400-5, the mechanical properties of the
weldable malleable grade JMW/380-12S show slightly lower tensile strength, but the elongation and
toughness properties are enhanced. By adjusting the malleablizing process to the required intensity of
decarburization for weldability, the mechanical properties can be achieved with the chemical composition of a
blackheaft malleable cast iron (JMW/400-TZS). The higher silicon content retards decarburization, but_ihe
ferrite strengthening effect thus obtained increases tensile strength and yield strength.

A commpn practice for high-volume production is to use a short-cycling heat treatment technique |n
continuoys furnaces where the complete cycle is controlled.

7.4 Graphite form and size

The graphite in malleable cast irons is dictated by the decomposition of the euteGtic carbides to produd
temper garbon nodules (see Figures 13 to 15). The number and size of the téEmper carbon nodules a
dependet upon the chemical composition of the as-cast malleable iron and, se€endly, the ledeburitic carbid
which is gdetermined by the solidification rate in relation to wall thickness. Graphitization controls the proces
time of blackheart malleable cast iron castings and this can also be reduced’by boron additions, as opposs
to whitehpart malleable cast iron castings, which are only controlled by, de€carburization. The addition of borg
decreaseps the processing time in state-of-the-art production. Thus,<{blackheart malleable cast iron casting
normally phow smaller but more numerous temper carbon nodules, mainly influenced by the silicon.

w >SaondP oo

7.5 Me¢gchanical property requirements and the influence of structure
Malleablg cast irons have some similarities to spheroidal/graphite cast irons. These similarities include the fact
that the jmatrix, as opposed to the graphite, principally dictates the mechanical properties. Thus, whgn
adjustmepts to metal composition and heat treatment are required to meet specified properties, they afe
confined pnly to those that influence the matrix structure.

Mechanigal properties of whiteheart malleable cast irons are standardized in ISO 5922:2005, Table 1, for fiye
grades af four possible test piece diameters (6 mm, 9 mm, 12 mm, 15 mm). The basis for the designation pf
each maferial grade is the specified/minimum value of the mechanical properties in the 12 mm test bar. As|a
consequégnce of the decarburization, the values for tensile strength, 0,2 % proof stress, and Brinell hardnegs
increase |with increasing test bar\diameter, whereas the elongation decreases. This influence of the test bar
diameter|can be explained by.the growth of the core, which is affected by decarburization, thereby increasing
pearlite, which is responsible*for strength. For example, the properties in a 15 mm test piece are unlikely fo
reflect the properties in‘a )6 mm casting section, and a suitably sized bar should be chosen to validate the
castings.|The influencelof pearlite in the whiteheart malleable cast iron structure is far more profound than the
effects of] aIon additions that strengthen ferrite. For the production of fully decarburized ferritic grades, ferrit b~
strength
materials

The ten grade afly
pearlitic materials. It would be expected that the grades from JMB/275 5 to JMB/350 10 were fully ferrltlc
increasing amounts of pearlite are expected in the microstructure of higher-strength grades. The pearlite can
be produced by a variety of methods; these include either alloying or modifications to the normal blackheart
second-stage annealing cycle. The grades JMB/700-2 and JMB/800-1 are oil quenched after the normal
graphitizing anneal and this process produces oil residues that need to be removed by washing, prior to the
second-stage tempering process that involves tempering the martensitic structure. Changes in the metal
composition are required in order to achieve the different combinations of tensile properties in grades with a
fully ferritic matrix. All of these adjustments involve additions that strengthen the ferrite, including a
modification of the manganese content, which affects tensile strength, and of the phosphorus content, which
affects proof strength. The most powerful element that strengthens ferrite is silicon, but when silicon is raised,
higher additions of bismuth are required in order to ensure an initial matrix, free of primary graphite, in the
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structure of pearlite and carbide, prior to heat treatment, which is unusual for cast irons. Unmachined test
pieces are used to take into account any influences of surface structure that result from the heat treatment
operation. This influence applies particularly to whiteheart malleable cast irons, for the reasons described in
7.3and 7.5.

7.6 Impact properties

ISO 5922:2005 does not specify impact properties, although informative data are provided in Annex A of that
International Standard. These properties relate to both notched and unnotched test specimens in both
whiteheart and blackheart malleable cast irons. Some users demand impact properties in addition to the
specified tensile properties, to ensure that the castings are suitable for the intended capplication.
IO 5922:2005, 7.4, specifies the phosphorus level and the procedure to be adoptedi un@er such
circumstances, but it is up to the manufacturer and purchaser to agree on the type of ttest, notched or
uhnotched, and the minimum impact properties that must be achieved.

7(7 Section sensitivity

alleable cast iron castings are manufactured in a range of wall thicknesses*from 3 mm to apprpximately
D mm.

D Z

ecause the graphite in malleable cast irons (temper carbon) is formed-firstly during annealing, Hlackheart
nd also completely decarburized whiteheart malleable cast iron show the lowest section sensitiyity of all
aphitic Fe-C materials (see 5.3). For whiteheart malleable cast4ron, the drastic decarburization is [limited to
all thicknesses in the range between 3 mm and 4 mm, that is§.t0 extremely thin-walled castings. Whiteheart
alleable castings above this wall thickness range are not‘Completely decarburized. With incredsing wall
icknesses, they exhibit increasing fractions of pearlite:;»Thus, this material exhibits a revers¢ section
ensitivity, that is, with increasing wall thickness, the fraction of the pearlitic core zone increasgs, as do
rdness and strength. The influence of wall thickness' can be shown by comparing the specific jvalues in
O 5922 of the four test pieces with 6 mm, 9 mm, 12'mm and 15 mm diameters.

ZTeS3IsQOW

7|18 Choosing the grade

The range of appllications for whiteheart malleable cast irons is extremely wide, and the spegctrum of
echanical requirements ranges from' low to extreme service conditions. A useful property of malleable
castings is their ability to be easily-galvanized, e.g. pipe and fence fittings and kitchen equipment.

3

The grade of material to belused depends simply upon the stresses applied in service. Comparispn of the
gquirements and service ‘conditions with the specified mechanical properties in 1SO 5922 (tensile|strength,
2 % proof strength, impact strength, if required), or with other special properties (for example, waldability),
low the correct choice’to be made among the five grades of whiteheart malleable cast irons.

VO3

Blackheart malleable cast irons are used in a wide range of components. Pipe fittings, which in Europe are still
often manufagtured in whiteheart malleable cast iron, are traditionally produced in the United States and
Japan using/ferritic blackheart malleable cast iron. An extra-wide range of applications is delivergd to the
afitomative industry: for example, front-axle suspensions, suspension arms, gearboxes, rear-axle housings,
ptimphcases, cam shafts, brake drums, wheel trunks, rocker arms and bell cranks. This volume gomprises
parts’with a mass from a few grams to more than 20 kg. Generally, it should be noted that the mgchanical
properties of blackheart malleable and spheroidal graphite cast irons are very similar. Therefore, the
application examples are also very similar.

The ferritic grades JMB/275-5 to JMB/350-10 have the lowest tensile properties, but also have good
combinations of strength with ductility because of the low silicon content. This low silicon content also assists
in providing good machinability, which makes the grades ideal for components that require high-volume
repetitive machining. A good example is pipe fittings, which are produced in high volumes and are
subsequently machined and threaded.
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The intermediate grades JMB/450-6 to JMB/550-4 find applications where higher strength is required in
combination with good ductility. Because the fatigue properties increase in proportion to the tensile strength,
these materials can be useful where service conditions involve some fatigue. Pumps, suspension units and
reciprocating parts fall into this category.

The higher grades JMB/600-3 to JMB/800-1 are very similar to the higher grades of spheroidal graphite cast
irons. All have high tensile strengths with little elongation or impact resistance and are valuable either directly
because of their high tensile strength or because this imparts good fatigue properties. High-pressure hydraulic
valves and other parts that require high tensile strength and fatigue properties, but little ductility and impact
resistance, fall into this category. In order to achieve satisfactory service performance, the actual choice of
these maferials depends on the design requirements.

8 1SO

8.1

Ausferriti
propertie

Table 14

OVerview

ISO 178(4:2005.

17804 Ausferrite spheroidal cast irons

Table 14 — Properties of ISO 17804 cast iron grades

c spheroidal graphite cast irons are sometimes called austempered ductile- irons (ADIs). The
5 are specified in 1ISO 17804:2005, Tables 1, 2 and A.1.

shows the properties of the six grades of ausferritic spheroidal graphite cast irons specified

ir

Relevant wall

Tensile strength

0,2% Proof

Elongation

thickness strength Brinell
Mat | desi " hardness
aterfal designation R R A
N/mm2 N/va2 o/f HBW guidance
values
mm minimom minimum minimum
<30 800 10
1ISO171804/JS/800-10
1SO17804/JS/800-10RT 30<r<60 750 500 6 250 to 310
60 <t <100 720 5
t<30 900 8
1ISO1f804/JS/900-8 30<r<60 850 600 5 280 to 340
60<t< 100 820 4
t< 30 1050 6
1ISO171804/JS/1050-6 30<t<60 1000 700 4 320 to 380
60 <t <100 970 3
t< 30 1200 3
1ISO171804/JS/1200-3 30 <1 <60 1170 850 2 340 to 420
60 <t <100 1140 1
t< 30 1400 1100 1
1ISO17804/JS/1400-1 30<t<60 1170 To be agreed between the 380 to 480
60 <7< 100 1140 manufacturer and the purchaser

The specified impact properties of ISO17804/JS/800-10RT are shown in Table 15.
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Table 15 — Impact properties of ISO17804/JS/800-10RT

Relevant wall thickness
of the casting

Minimum impact resistance value at room temperature
(23°C£5°C)

Material designation t Mean value of three tests Individual value
mm J J
t <30 10 9
1ISO17804/JS/800-10RT 30<t<60 9 8
60 <1< 100 8 7
The properties of ISO 17804 abrasion-resistant grades are shown in Table 16.
Table 16 — Properties of ISO 17804 abrasion-resistant grades
Brinell Other properties
. . . hardness (for information only)
Material designation
HBW m Rp0,2 Ag
minimum N/mm?2 N/mm?2 %
1ISO17804/JS/HBW400 400 1400 1100 1
1SO17804/JS/HBW450 450 1600 1300 —
Interest in these materials started in the 1940s, but serious development work began in America in the 1970s
fgr the production of gears. During the initial development stages, the resultant matrix following austempering

NPTE

=0

wgs described as bainite, and this definition is stilf;sometimes used. However, the terminology “ausfefrite” now
predominates because the resulting microstructure is a mixture of ferrite and high-carbon ausferrite.

Castings with an ausferritic matrix.can be produced by alloying without the need for heat treatment| However,
these materials fall outside the scope of ISO.17804.

he structure of ausferritic spheroidal graphite cast iron under the microscope is shown in Figuie 16 and
pmprises graphite spheroids-in~an ausferritic matrix. This is a fairly typical microstructure; differenges in the
neness of the microstructural-scale are observed in cast irons that are austempered at different temperatures.
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Magnification x 200

Figure 16 — Ausferritic spheroidal graphite cast.iron

ISO 17804 has five grades of ausferritic spheroidal graphite cast jron/with tensile strengths ranging from
800 N/mm?2 to greater than 1400 N'mm?2 and elongation between* 10 % and 1 %. As can be seen |jn
ISO 17804:2005, Table 1, all but the highest-tensile-strength grade have a range of property requirements
that depgnd upon the relevant wall thickness and sample size; as defined in ISO 17804:2005, Table 3. Two
grades thiat require only hardness validation are specified inJSO 17804:2005, Annex A.

8.2 Hejat treatment process

The austempering process is crucial to the manufacture of ausferritic spheroidal graphite iron. Austempering
is more domplex than other heat treatments..ltlis" essentially a quench and temper process carried out aboye
the martgnsite start temperature and one that provides a range of properties higher than those obtained from
the usua| normalizing or quench and temper treatments. This is shown in Figure 17, which illustrates the
range of fensile strengths obtained invarious grades of spheroidal graphite cast iron materials in the as-cajst
condition| through the normalizing process and then to a quench and temper treatment. These conditions afe
compared with the range of properties usually expected from the ausferritic grades.

When quench and temper treatments are carried out, the process involves heating to about 900 °C where the
matrix is|austenitic, ther™rapidly quenching the material to below about 200 °C. The latter temperature fis
called the
can subs

martensite start temperature (Ms), and defines the point where hard martensite is formed, whigh
quently be'\tempered between about 250 °C and 450 °C, depending on the final properties requirefd.
shows a‘simplified time-temperature-transformation (TTT) diagram with the abcissa being time and

Figure 182
temperature of 840 °C to 920 °C and is then rapidly quenched. But mstead of quenchmg to below the
temperature ¢, where martensite would be formed, the material is quenched and held, usually in a salt bath,
at a temperature above ¢.. During the time that the material is held at the austempering temperature,
isothermal transformation to ausferrite occurs. The salt bath temperature has to be varied according to the
required material properties, but is normally within the range 250 °C to 425 °C. In the range 250 °C to 325 °C,
the higher-strength, lower-ductility materials are produced; above 325 °C, the lower-strength, higher-ductility
materials result.
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Figyre 18 — Diagram describing the*austempering and quench and tempering heat treatment

8.3 Effects of alloying elements

Ausferritg
there is 3

sections Where theresis‘a localized increase in thickness.

The presence ofismall amounts of pearlite in the centre of sections is unlikely to have an adverse effect gn
fitness for this purpose, but is best avoided. Reduction of pearlite in the centre of sections can be achieved by
the additipf-of alloying elements that help to ensure the formation of ausferrite. Common additions are copps

400
Q8A \

ensite start temperature

processes

is easily obtainéed)in thin sections, but as the section thickness increases in unalloyed materigfls
n increased likelihood of pearlite formation. This can particularly be the case at the junction of wall

=

manganese, molybdenum and nickel.

8.4 Graphite form and size

The solidification mechanism for spheroidal graphite and ausferritic spheroidal graphite cast irons is identical;
therefore, issues relating to the graphite form and size of the ausferritic materials are as described in 5.4.
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8.5 Matrix structure and the resultant properties

The properties of ausferritic spheroidal graphite cast irons are dictated by their matrix structure. The matrix
structure typically contains ausferrite along with some martensite and ferrite. Martensite is only likely to be
present when the material is austempered at a very low temperature. It is the heat treatment that determines
the phases present and their fineness; these in turn dictate the material properties. It is important to note that
no useful purpose is served to separately specify the material structure in detail, in addition to the material
properties and the description of a predominantly ausferritic microstructure, because of the likely difficulties in
agreeing on the interpretation of what is present.

6 Section sensitivity

8

Section-sensitivity issues relating to the ausferritic materials are similar to those described in 1SO 17804:2005,
Clause 3. However, the properties in different sections can be influenced by the heat treatment operation and
any alloys that are added to ensure a uniform ausferritic matrix. If alloying is insufficientor heat treatment is
npt correctly controlled, then there is the possibility of reduced material properties duéto’pearlite in the core of
tHick sections.

(o)

7 Special case of the impact grade

Q

rade JS/800-10RT has specified impact properties according to 1SO.17804:2005, Table 2, with additional
informative data given in Annex F of that International Standard. The-specified impact properties of this grade
afe shown in Table 15. It should be noted that the required impactproperties relate to a different relgvant wall
tHickness, with impact properties reducing as the section thickness increases due to the section sensitivity.
The impact grade has the same tensile properties as grade JS/800-10 in ISO 17804:2005, Table 1, because
tHey are identical materials. RT simply designates that the.grade requires impact values to be met; J5/800-RT
is| specified where service conditions require some impact resistance.

(o)

8 Special case of the abrasion-resistant.grades

prmative requirements for two abrasion-resistant grades of ausferritic spheroidal graphite iron are|specified
ISO 17804:2005, Annex A. These grades have useful abrasion resistance but fall outside the|range of
aterials specified in ISO 21988, wherg alloying has a significant influence on performance for most grades.

35 Z

he abrasion resistance of the twg ausferritic grades is mainly influenced by heat treatment as ogposed to
loying, and Brinell hardness:-is the only property specified. These materials are austempergd at low
mperatures approaching,the' martensite start temperature. This heat treatment provides high tehsile and
oof strengths with little_elongation, but because the material does not contain a high level of martensite, as
the case of some 1ISO.21988 grades, it tends to have better impact resistance. Its abrasion propgrties are
bt necessarily as-goed as the ISO 21988 grades because of the absence of alloy carbides. As with all
prasion-resistant-materials, a cost-benefit analysis will determine its suitability in the varying environments in
hich the matetials are expected to perform.

SOSHFOoO gL o

The specified hardness values of these grades are shown in Table 16 along with informative data ¢n tensile
s{rength;-proof stress, and elongation.

8.0 M hin b:

When machining is required, there has been considerable debate about whether the casting should be
machined prior to or after heat treatment, because machinability is impaired when the austempering
temperature is low and hardness is high. The debate arises because, when the matrix transformation occurs
during the heat treatment operation, there is generally a volume expansion and therefore a dimensional
change in the casting. The major concern is the possibility that the dimensions will not remain within tolerance.
In castings with complex geometries, the change may not be uniform; variation has been observed from a
slight contraction to 0,4 % growth, with growth being the expected norm. This problem needs to be considered
when an ausferritic grade is chosen, particularly when dimensional tolerances are small. The problem can be
eliminated if the casting is machined after heat treatment, but the machining operation is more difficult and
costly. Information on the machinability of the ausferritic grades is given in ISO 17804:2005, Annex |.

© 1SO 2009 — All rights reserved 41


https://standardsiso.com/api/?name=7e871a60153af981f0a92932445ef881

ISO/TR 10809-1:2009(E)

8.10 Choosing the grade

The original development work on ausferritic spheroidal graphite cast irons concentrated on improvements to
gear technology, but a wide range of components are now produced in the ausferritic materials. The essential
feature of the ausferritic grades is the advantageous combination of properties that can be obtained in
spheroidal graphite cast iron materials. For example, the lowest-tensile-strength grade in 1SO 17804 is
JS/800-10 whereas the highest-tensile-strength grade in ISO 1083:2004 is JS/900-2. ISO 17804 includes
grades that provide tensile strengths of 1 000 N/mm? or more with appreciable elongation.

These higher-tensile-strength ausferritic spheroidal graphite cast iron grades are ideal when very high
strengths| are required for the application. They find applications where steels have been used historically
because [there are cost savings to be made in both casting and machining costs. These cast irons aré algo
lighter arjd quieter in service, because of the higher damping capacity. Typical applications are gears and
e
n

drive pinions, crankshafts and differential spiders, axle boxes and spring components. The choice of grag
depends |upon the service requirements and design stresses. Tensile properties ranging fronmgreater tha
800 N/mm?Z to greater than 1 400 N/mm? in the engineering grades, in sections up to 30 mm/\areé available|

@

The spedial-purpose abrasion-resistant grades of ausferritic spheroidal graphite cast iron have high hardnes|
One grade is slightly less hard than the other and thus has better impact resistance. As always with abrasiop-
resistant [materials, the environment determines the most appropriate material, but generally these grades
have been successfully used for digger teeth on earthmoving equipment, rock guards, and wear shoes whefe
considergble savings have been possible in comparison with steels.

9 1S0|21988 Abrasion-resistant cast irons

9.1 Overview

The properties of abrasion-resistant cast irons are specified in ISO 21988:2006, Tables 1, 2 and pB.
Abrasioniresistant cast irons comprise a range of matérials with properties that enable resistance to wedr.
Typical gpplications are castings utilized in earthmoving, rock crushing, mineral extraction and processing.
They arelalso used in other abrasive environments,-such as shot-cleaning plants, and in the transportation p
abrasive |iquids (e.g. the pumping of seawater carrying debris such as sand, or abrasive slurries).

ISO 21988:2006 divides the materials into.three categories:

— unallpyed or low-alloy abrasion-fesistant cast iron;

— nickgl-chromium abrasion-fesistant cast iron (commonly known as Ni-hard);
— highichromium abrasion‘resistant cast iron.

Unlike the other castiirons, abrasion-resistant cast irons are graphite-free; some of the carbon is dissolved jn
the matrix with thexmajority present as carbide. All of the grades contain chromium, with the lowest hardness
grade spgcifyingha maximum of 2 % Cr (but normally containing more than 0,5 % Cr in practice) and the

highest Hardness grade specifying a maximum of 40 % Cr. Complex iron-chromium carbides are therefofe
present; the_.complexity of the carbides inceases as the chromium content is raised.

The matrix in which the carbides are held varies with the grade. In the lowest hardness grade, categorized as
unalloyed or low-alloy grades, the matrix is pearlitic. Those nickel-chromium and high-chromium grades of
abrasion-resistant cast irons contain a martensitic matrix, perhaps also with small amounts of other
transformation products and retained austenite. The martensitic matrix of the nickel-chromium grades is
obtained from the nickel content, whilst the martensitic matrix in the high-chromium grades is obtained from
both the nickel and molybdenum contents of the alloy.
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The unalloyed and low-alloy grades are normally supplied as-cast, but the properties and performance of the
nickel-chromium and high-chromium grades are enhanced by heat treatment. Costs also increase as higher
levels of alloying elements are added and heat treatment is applied, so it is necessary to examine the
cost/benefit relationship when choosing a particular grade.

Typical structures of the three categories of material are illustrated in Figures 19 to 21.

\‘>
Magnification x 100
)

Figure 19 — Low-il@y abrasion-resistant cast irons

Magnification x 500

Figure 20 — Nickel-chromium abrasion-resistant cast irons (Ni-hard)
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Magnification x 200

9.2 Effects of structure on properties

For abrag

normally

carbide |
unalloyeg

understo

the carbi

phases epch have a different hardness, as shown in Table 17.

44

Figure 21 — High-chromium (28 %) abrasion-resistant cast irons

sion-resistant cast irons in 1ISO 21988, the only specified mechanical property is hardness, which |is
measured as Brinell hardness. This measurement is undertaken using a 10 mm diameter tungsten
all at a 3 000 kg load. The hardness requiréments range from a minimum of 340 HBW for the
and low-alloy grades to a minimum of 630 HBW for the nickel-chromium grades. It should he
bd that the measured Brinell hardness is‘a composite hardness of the material phases (comprising
de, the amount present and the matrix surrounding it) under the ball during test. The individugl

Table 17 — Typical hardness of constituents in abrasion-resistant cast irons

Typical hardness constituents?

Carbides

HV 30

Fe,C (iron carbide)

840to 1 100

(FeCr),C (iron-chromium carbide)

1060 to 1 240

(FeCr),Cj (iron-chromium carbide)

1500 to 1 800

Matrix HV 30
Ferrite 7010 200
Pearlite 240 to 460
Austenite (high chromium) 350 to 600
Martensite 500 to 1 000

a

Vickers HV is more commonly used for individual phases, particularly those with a high hardness.

Brinell HBW is normally confined to cast irons having composite structures.
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It can be seen from Table 17 that, as the carbide-based compound form changes, the material increases in
hardness, as does the matrix, and it is necessary to understand the following fundamentals.

— The unalloyed and low-alloy grades contain mainly Fe;C with some (FeCr3)C in a pearlitic matrix.

— The nickel-chromium alloy grades with chromium levels up to about 5 % contain mainly (FeCr3)C, with
some (FeCr;)C5 in a martensitic matrix.

— The nickel-chromium alloy grades with chromium levels above 5 % contain mainly (FeCr;)C5, with some
(FeCr3)C in a martensitic matrix.

— The high-chromium alloy grades predominantly contain (FeCr,)C5 in a martensitic matrix.

Thus, as the chromium content increases and the matrix changes from pearlite to martensite;-the |hardness
ahd wear resistance are increased. The matrix is much softer than the carbides; the function of the| matrix is
egsentially to assist in the overall toughness and wear resistance of the material by holding the carbide in situ
tHrough the working life of the material.

9|3 Chemical composition
190 21988 is one of two International Standards for cast iron that specify_ chemical composition (thg other is
IO 2892 for austenitic cast iron) that specify chemical composition. In-the case of all the others,|chemical
cpmposition is at the discretion of the producer.

The chemical compositions required for each grade are specifiedin ISO 21988. ISO 21988:2006, 7.1 contains
a[note that other elements may be present, provided that they{do'not adversely affect performance.

9|4 Unalloyed and low-alloy cast irons
U

halloyed and low-alloy cast irons are uncomplicated” materials with a low silicon content to produce eutectic
rbide. Their properties can be enhanced by the presence of chromium up to a maximum of 2 %. As the
Esting section thickness increases, less silicon and more chromium are required to maintain g eutectic
rbide structure that contains no free graphite. Both grades have the same composition range,| which is
pecified in 1ISO 21988:2006, Table 1.

5 Nickel-chromium cast iron

he nickel-chromium cast irons essentially comprise two grades of material, which nominally contain 4 %
ckel with 2 % chromium( and 5 % nickel with 9 % chromium. The latter grade (commonly called eutectic
-hard) has a more discontinuous carbide structure and is thus tougher. Each of these grades has g range of
carbon contents, the ehoice of which depends upon the requirements for hardness, toughness, and impact
gsistance. A low ©arbon content provides toughness and resistance to repeated impact, whereas a high
carbon content-provides higher hardness in a material that is more brittle and less impact-resistant. The
cpmposition ranges are specified in ISO 21988:2006, Table 2.

Zz>3 - ©

—

9/6 High-chromium cast iron

Thé~high-chromium cast irons comprise five grades of material with increasing chromium content| The first
four grades nave nree differentcarbon ranges, 10r ine same reasons given forthe nicket=chromiu grades.
The fifth grade, containing 30 % to 40 % chromium, is specified with only one carbon range. For all of these
grades, an increasing carbon content can be expected to raise hardness at the expense of toughness and
brittleness. The composition ranges are specified in ISO 21988:2006, Table 3.

9.7 Influence of chemical composition on properties and performance

The influence of carbon and chromium is not particularly great in the unalloyed and low-alloy grades. The
main effect of these elements is to ensure a structure comprising carbides and pearlite without free graphite.
However, carbon and chromium provide the major influence on properties and performance of the
nickel-chromium and high-chromium grades. Additions of nickel and molybdenum also assist in the formation
of hard martensite in the matrix.
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