CaSt Irons

‘irons are complex in composition and contain
“elements such as silicon, phosphorus, sulphur
f their poor ductility and malleability, they
to the desired shape; but are formed by

- commercial alloys. The raw materials i.e. pig
, high silicon pig iron, iron ore, limestone, coke,

‘their lower melting temperature (1150 — 1250°C)
are 1350 - 1500°C).
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Y solidify wiyrnr graphitization giving all
& = s white cast iron.,
(ii) Amount of Slllc'on : Silicon is g strong graphit

. _ izer and promotes graphitization i.o.
: 1 e.to Iron and graphite and he

nce its amount is controlled to control
varies from 0.5 to 3.0 % in various
, the cast iron solidifies as white and

%Si+3(%C)+%P+0.3(%Ni)+0.3(%0u)+0.5(%AI)

= 0.25 (% Mn) - 0.35 (% Mo) — 1.2 (% Cr) - (11.1)
Non-carbide forming elements Ni, Cu and Al have positive factors i.e. they promote the
graphitization whereas carbide forming elements Mn, Mo, and Cr have negative factors
which limit the graphitization.

(iii) Amount of phosphorus : Phosphorus is also a strong graphitizer like silicon and

its content varies from 0.1 to 0.3 %. Most of the phosphorus combines with iron and forms
iron phosphide (FesP). This iron phosphide separates out as eutectic mixture with cementite
and austenite. This ternary eutectic of iron phosphide, cementite, and austenite is called
steadite. Steadite has a freezing temperature of about 980°C and is the last to solidify and
therefore occupies interdendritic regions. A relatively small percentage of phosphorus
produces large volumesof steadite and hence with higher amount of phosphorus, the steadite
areas may merge to form a continuous network around the primary dendrites of austenite.
é_teadite is brittle and therefore, it reduces toughness and increases the brittleness of cast
Due to this, the amount of phosphorus must be carefully controlled to obtain optimum
Ihichlforonertics. However, phosphorus increases the fluidity of cast irons and makes
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Increasing silicon and Phosphorus have almost similar effect as increasing the carbop ol

the microstructures of cast irons. Their effect in terms of carbon is considered apg

equivalent carbon is found out as below :

Equivalent carbon = Total carbon + 1/3 (Silicon + Phosphorus)

le. E.C = T.C+ 1/3 (Si + P) (11,2

1}

For a given cast iron, equivalent carbon may be used for predicting the amount 0
graphitization (or graphitization tendency) similar to that without silicon and phosphorug
containing the same amount of total carbon by using Fe — Fe3C equilibrium diagram
“Carbon equivalent value can also be used to predict whether the alloy will solidify ag
hypoeutectic, eutectic, or hypereutectic. It also predicts the chilling tendency of a given
section at constant pouring temperature, cooling rate and alloying elements.

(iv) Amount of sulphur : Sulphur combines with iron and forms iron sulfide (FeS)
which is a hard and brittle compound. Due to its low melting point, it appears at
interdendritic regions in a solidified casting and increases the brittleness of casting. Addition
of manganese reduces the detrimental effect of sulphur. Sulphur has greater affinity for
manganese-than for iron and hence, in the presence of manganese, the reaction product is
manganese sulphide (MnS) instead of iron sulphide (FeS). MnS appears as small and widely
distributed inclusions of rounded or polyhedral shape. Unless MnS is present in large
amount, it has little effect on the properties of cast iron. The usual sulphur content of any
cast iron is between 0.06 to 0.12%.

Also sulphur in the form of FeS promotes the formation of iron carbide without
i)&rticipating in its formation. It has a strong effect as carbide stabilizer and about 0.01 %
sulphur is sufficient to neutralise the graphitizing influence of 0.15% silicon. However, when
sulphur is present as MnS, it has almost no influence on carbide or graphite formation.

: (v) Amount of Manganese : The most importani: effect of manganese is to reduce the
brittleness likely to be introduced due to the formation of iron sulphide. It takes care of
sulphur by forming manganese sulphide. Any excess amount of manganese present ﬂﬁe:
combining with all sulphur and forming MnS serves as an useful alloying element. The l.!suu
amount of manganese in any commercial cast iron varies between 0.5 to 1.0% (5 to 8 times

the amount of sulphur). e
In addition to the above elements, cast irons may contain alloying elements sucdde(i
. L : u
ickel, chromium, molybdenum, magnesium, copper, aluminium, boron, etc. which are
n ’ J

to obtain the desired properties and structure. o fc gst
: Cooling rate has a pronounced effect on the mlcrosstrucn‘:ur:;ar“(:3 .0
sses the graphitization (i.e. decomposition of Fe;C to

(vi) Cooling rate
sg . . ay
Slow cooling favours the graphitization of FesC and m

Rapid cooling suppre

irons. :
- ts in white structure.
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orm since it is separating out from the liquid state. The
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Fig. 11.4 : Figures illustrating the microstructural changes during

solidification of a hypoeutectic white cast iron.

(1) At 3, the above liquid of eutectic composition solidifies at constant temperature
(1147°C) and forms an eutectic mixture of austenite and cementite called ledeburite as
indicated below :

Liquid 1147°C Y + Fe,C
©f43%C) — -  (cf20%0) (of 6.67 % C)

ic austenite) rejects Fe3C to the adjacent eutectic cementitic areas. Due to this, th
t of FesC increases. The FegC which separates out from point 3 to 4 is call

d mixture of ferrite and cementite i.e. pearlite.

y 727°C a + Fe,C
(of 0.8 % C) > (0f0.025 % C) (of 6.67 % C)

icrostructure is shown in Fig. 11.4 (c).

rom 4 to 5, there is almost no change in microstructure except slight increas® 5
ount of FegC due to the decrease in solubility of carbon in ferrite from 0.025 0

oom temperature the microstructure consists of dendritic areas of transrorr?
te i.e. pearlite in a matrix of transformed ledeburite (Fe3C + pearlite). A typ'*

ﬁ:uci;ure of a hypoeutectic cast iron is shown in Fig. 11.5.



