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Abstract:

A review of Hadfield’s Steel which belongs to a high alloyed steel class is being presented in this paper. The
history behind its development and its wide application in Russian Technology are well articulated. This steel is
of interest because it has special characteristics which are a combination of hardness and toughness in one
material. The compositions include mainly ferro-silicon and ferro-manganese melted in a basic electric arc
furnace with pouring temperature of about 1450°C. The hardness value ranges between 200 and 220HB with
impact toughness of 15kJ/mm”. The cast components include slot wedge, axle box, coupler yoke, hook and ring
to mention but a few. It has some characteristics which distinguishes it from other grades of steel. Amongst
which are wear resistance and toughness combine in one. This property makes it inevitable for this material to
be exploited in rejuvenation of rail tracks system round the length and breadth of any nation which is interested

in developing this mode of transportation.
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INTRODUCTION

There are various classes of steels. The degree of
alloying element dictates whether the steel belongs
to low, medium or high alloyed class. The
production of this class of steel dated as far back as
1882 by Sir Robert Hadfield (Cosan, 1952) and
found its way into Russian Technology about five
years later. And since then more had been done to
improve on its properties, qualities and production.
The hardness and the wear resistance of this steel are
unparalleled in rail line networks constructions. The
Hadfield’s steel alloy is a hypereutectoid steel with
the average 1.10 percent carbon and 13.0 percent
manganese. It is equally called a high carbon steel.
This paper focuses on the casting production of this
particular grade of steel amongst which are axle box
wedge, rail spare parts, mining equipment,
pulverizers,quarrying equipment, core crushers,
excavator shovels etc. Mostly all these products are
obtained from sand mould casting. Any developing
nation which is planning to improve its mode of
transportation systems of which rail system is a part,
the steel serves best in the process of laying new
tracks for rails system. The steel is fully obtained by
melting the combination of some pig iron scraps,
ferro- alloys and with few additions of lime or
charcoal (Lublina, 1985). The steel is melted in a
basic electric arc furnace, which guarantees a close
watch in order to have a high quality product with
less extraneous materials. For any nation to
command a greater influence in world affairs, it must
maintain reasonable control of her economy. The
steel sector is the bedrock for economic development
and the backbone of any meaningful industrial
revolution. The economic progress of a developing
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nation can be boosted and sustained through the
development of iron and steel industry. These are
raw  materials required for technological
development and maintenance of a viable industrial
economy. It is still extensively used in the following
heavy industries in the form of castings or rolled
shapes: earthmoving, mining, quarrying, oil and gas
drilling, dredging, logging and lumber amongst
others. The concern here is not only for the day — to
—day supply of steel but also to sustain growth. Iron
and steel are essentials to a developing nation which
is looking forward to attain economic independent.

Historical and Theoretical Background

Sir Robert Hadfield’s discovery of manganese steel
came to limelight in 1882. He was looking for a
steel, which possessed the properties of hardness,
and toughness a combination of which was then very
rare to come by. His first attempt was based on 3 — 4
percent manganese addition to a low carbon steel,
the result of the tested piece was hard and brittle.
The second attempt was 10- 14 percent manganese.
After a suitable heat treatment, the steel possessed
the properties of toughness combined with a
remarkable resistance to wear and abrasions (Cosan,
1952). This gave birth to Hadfield’s Steel. Designs
play a very important role in producing sound
castings. In order to minimize wastage of both
human and material resources, good and accurate
design is essential. The percentage of rejected
castings is sometimes too high due to solely bad
design (Dewet, 1952). Another factor, which
influences the design, is the gating system. This
needs to conform with the standard that is F= \MQ,
cm’ where F is the sum total cross-sectional area of
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the smallest portion amongst the sprue, the slag track
and the ingate. For this case, it is the sprue,
considering the gating ratio.

From the formula, Q is the total mass of the castings
in a given mould flask in kilogram’s and M is a
constant which depends on the thickness of the
casting, its value ranges from 0.3 to. 0.55. In that
connection the open gating system is best to be
adopted for this class of steel (Mikhailov, 1989).
Hadfield’s Steel Production Process

The melting components include some ferroalloys
such as Fe-Mn, Fe-Si, and Fe- Mn-C and with few
additions of lime or charcoal. The melting is carried
out in a basic electric arc furnace with a maximum
capacity of 2 tonnes. The major component of the
lining of the furnace is MgO. This means that the
raw materials for melting would be free of excess
sulphur and the materials for melting would be
thoroughly cleansed with iron brushes. The sulphur
must be kept to the acceptable working level. When
the melting is completed a small sample from the
melt is taken for chemical examination Table (1, 2).
Another sample is taken for metallographic
examination confirming the phases present in the
castings.

For chemical examination, the molten steel sample
was taken and introduced to metal analyzer while
that of metallographic came through production of
rods which were heat treated and cooled in air before
they were cut to size for examination. The pouring
temperature of all the castings produced from this
class of steel lies between 1420°C and 1450°C and
the pouring time must be as short as possible.
Technology of Casting — Axle Wedge Box

The open gating system is adopted with ratio
1.0:1.2:1.4 and this enabled the molten metal to
move at a slower velocity to fill the cavity made at
ease. Two different cores are required for each of the
castings, no risers are needed. The casting could be
produced from both moulding flasks and the
flaskless moulding depending on the method of
production but for this case moulding flasks are
used. Another example of casting produced is
crossing and frogs. Figures 1, 2 & 3.

RESULT AND DISCUSSION

RESULT:

The casting structure is austenite and carbide (Fe,
Mn);C but with heat treatment such as hardening at
boundary of temperatures of 1050°C to 1100°C and
quenching in cold running water this resulted in high
wear resistance and the impact toughness ranges
between 2000 and 3000KJ/m’. The Brinell hardness
lies between 200 and 220 BHN (Lublina, 1985). One
thing that is unique about this steel is high wear
resistance in operation under the impact and high
static loads. Operating under these conditions, the
steel is strain-hardened, which raises its hardness up
to 600BHN. Strain-hardening effect is due to
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disintegration of austenitic grains, precipitation of
disperse carbides and austenite to martensite
transformation at shear planes (Lublina, 1985).

The pouring temperature of 1420°C and 1450°C are
usually applied in order to safeguard some of its
mechanical properties. If the pouring temperature
exceeds 1450°C, the impact toughness of the
castings will fall (Lublina, 1985). In order to
improve the grain structure, it is alloyed with
aluminum and titanium oxide (TiO). Chromium is
added to prevent atmospheric corrosion of the
material (Richard, 1989). If the concentration of
sulphur is more than the acceptable value (0.14), it
cannot be removed at all from the molten metal. This
can lead to brittleness of the product.

The casting thickness ranges from 80.0mm to a
maximum value of 120.0mm to exceed this range, it
may be difficult if not almost impossible to control
shrinkage, hot cracking and cold working ( Lublina,
1985). In order to put under control hot cracking and
yield ability, the mould strength must be increased
by minimizing the silicon, phosphorus, sulphur and
free oxygen in the molten metal. Cold cracking is
put into check by controlling the cooling rate.
Cooling pads and chilling can equally be introduced
where possible. The presence of manganese oxide in
molten manganese steel is aggressive and attacks
fireclay materials and the sand mould very easily. In
order to checkmate the aggressiveness of these
materials, sand mould materials are made with
magnetite or graphite sleeves. These are the
chemical composition of the manganese steel
produced. The first group is peculiar with crossing
and frogs i.e. diversion with a sharp nose while the
second group is for new rail track

Tablel: Chemical Compositions of Manganese

Steel.

GROUP | [% [%C] | [%Si] | [%P] | [%S]
Mn]

1 10.0- | 1.0- <10 |< <
140 | 1.4 0.14 | 0.06

Table 2, Chemical Compositions of Hadfield’s Steel

GROUP | [% [%C] | [%Si] | [%P] | [%S]
Mn]
11 11.5- | 0.9- 0.3- < <
15.0 1.4 1.0 0.12 | 0.05
Source: ( Lublina, 1985)
m
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Figure la: Casting for Diversion
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Figure 1b: Crossing for Diversion

1000

w !
Figure 1c: Frogs for Diversion

Crossing and frogs is peculiar to railway terminus
where diversions are very numerous; it can be single
or double, as indicated in the figure.

DISCUSSION

The Table (1, 2) shows that the percentage of
phosphorus used in this class of steel is higher than
normal. This is not unconnected with the fact that it
was introduced into the molten metal at the final
stage of the run with alloying dose of Ferro
manganese and also to a certain degree phosphorus
aids fluidity of this material. If the percentage of
phosphorus is increased, more than the acceptable
limit permitted the plasticity of the steel falls
(Lublina, 1985)

Most of the castings of this class of steel virtually
undergo one form of heat treatment or the other. It is
one of the important operations and in some cases
very complex. Some of the castings pass through the
furnaces three or four times at different temperatures
and with different rates of heating and cooling.
Others pass through the furnace at two stages and
later quenched in various forms of media such as
water, oil or air depending on the final structure and
the surface hardness needed by the end users. The
desired result after quenching is fully austenitic
structure, carbide free and completely homogenous
with respect to both carbon and manganese. This
however is the ideal and can only be achieved in
lighter sections. More often than not, carbides will
exist at the grain boundaries. Grain size at the outer
skin of the casting is fine grained. In many cases, in
heavier sections only partial transformation at the
centre due to an ineffective quenching. It has been
shown that the transformation from austenite to
martensite is dependent on the strain rate. It has
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equally been shown that stress induced
transformation, only occurs on these unstable
compositions such as strain induced transformation
of austenite to martensite caused by localized
segregation of both carbon and manganese during
quenching ( Dastur et al, 1981 and Zuidema et al,
1987) From theoretical investigation on the contact
stresses on the points and wings of the frogs was
carried out at McGill university in Montreal™" This
investigation indicated that the Hertzian stresses in
the point would be in the order of 3447MPa and on
the wings 3275MPa.

Amongst the casting products that undergo the
various stages of heat treatment include coupler
yoke, crossing and frogs, wedge to mention but a
few.

CONCLUSION

Hadfield’s Steel is one of the high alloyed steels
used mostly for rail networks. Most of the materials
used are Ferro-alloys such as Fe —Si, Fe —Mn etc

It requires the use of basic electric arc furnace with a
minimum capacity of one tonne and maximum of 2
tonnes. It is very versatile a material with a wide
range of usage. Amongst them are equipment for
handling materials, rock crushers, grinding mills,
dredge buckets, power shovel, buckets and teeth,
pumps for handling gravel and rocks and in a
multitude of associated applications ( AMS, 1962).
The human resources and the materials needed to
accomplish all the aforementioned are very much
available across the country, all that is needed is the
will of the government in seeing to the completion of
the steel projects across the nation. In other words,
if steels are produced from the existing plants
locally, all these castings can be met within the
limited time possible and with little effort.
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