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7.0 Ferrous Metals

Ferrous metals are metals that contain iron as the base metal. Almost all ferrous metals are magnetic. The
basic ferrous metal form is pig iron.

7.1 Iron

Iron is a lustrous, ductile, malleable, silver-gray fusible element that is the cheapest and most used among
all metals. It is known to exist in four distinct crystalline forms. In the Earth iron occurs mainly in iron-oxide
ores. One of these ores magnetite (Fe;0,4), named for its property of magnetism. Hematite (Fe,O3) is the
most plentiful ore, but it contains less iron than magnetite. The various alloys of iron, after undergoing
certain processes, are pig iron, gray cast iron, white iron, white cast iron, malleable cast iron, wrought iron,
alloy steel, and carbon steel. Pig iron is used to produce steel.

7.1.1 Properties of Iron
Boiling point 2,750°C
Melting point 1,535°C
Specific gravity 7.874

7.1.2 Uses

Iron is the basic material used in making steel and cast iron.

An oxide of iron called Venetian red is used as a pigment in paint for bridges and railroad cars.

Iron compound called Prussian blue is a pigment, which is used as Laundry bluing and by architects and
engineers for blueprints.

Iron cores are used in electromagnets for motors, telephones, and other equipment.

7.1.3 Manufacture of Iron

Blast furnace

The blast furnace is used to produce cast iron or steel from iron oxides. The purpose of a blast furnace is to
chemically reduce and physically convert iron oxides into liquid iron called "hot metal" (pig iron).

Wrought iron

Wrought iron is almost pure iron that has had most of its carbon removed. It is made from pig iron in a
puddling furnace and has a carbon content of less than 0.08 percent.

Manufacture of wrought iron

Wrought iron is manufactured from pig iron in a puddling furnace.

Characteristics

Wrought iron is ductile and corrosion resistant

It becomes soft at white heat.

Uses - Wrought iron is used for porch railings, fencing, farm implements, nails, barbed wire, chains,
furniture, decorations bolts and nuts, chain, railway coupling, water and steam pipes..

Capabilities - Wrought iron can be gas and arc welded, machined, forged, plated, and is easily formed.
Limitations - Wrought iron has low hardness and low fatigue strength.

7.2 Castlron

Cast iron (Cl) is a ferrous metal, an alloy of iron, carbon (2.1 to 4.5%) and silicon (3.5%). Cast iron is a hard
and brittle material. Graphite (carbon) is present in cast iron in free form and it adds self-lubricating
properties to cast iron. Cast iron has excellent vibration damping property. It is, therefore, extensively used
for making machine beds and frames. Cast iron has good compressive strength, but is weak in tension.
Different types of cast irons are used in engineering applications. A few of them are gray cast iron,
malleable cast iron, spheroidal-graphite cast iron, etc., each having different composition and percentage of
alloying elements.

Gray cast iron has good wear resistance and is used for castings of machine tool guideways, where
continuous lubrication is not always possible. Malleable cast iron has more tensile, impact and fatigue
strength than gray cast iron. Application of malleable cast iron includes parts for agricultural and textile
machinery. Spheroidal-graphite (SG) cast iron achieves the strength, toughness and ductility of steel. SG
cast iron is widely used in the manufacturing of crankshafts and connecting rods, gearbox housings etc.
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7.3  Steel

Steel is the most common engineering material used for a wide range of applications from utensils to
machine parts to cutting tools. Steel is an alloy of iron and carbon. In addition, it may contain other alloying
elements such as manganese, silicon, chromium and copper. Steels are classified based on the
percentage of carbon present, into three groups viz. low carbon steel (0.05 to 0.3%C), medium carbon steel
(0.3 to 0.7%C) and high carbon steel (0.7 to 1.5%C). The low carbon steel is also known as mild steel.
Table gives a wide range of typical applications of carbon steels depending on its carbon content.

7.3.1 Applications of Carbon Steels

Common Carbon % Applications
Name
0.05-0.125 | Thin sheets, tubes, wire etc.
Mild steel 0.15-0.3 Structural  sections, boilers, general
purpose applications etc.
0.3-0.5 Agriculture implements, wheel axles, tubes
Medium and wires etc.
0.5-0.7 Hammers and other hand tools, wheel
Carbon . ; .
rims, springs, dies etc.
0.7-0.9 Cutting blades, chisels, dies etc.
0.9-1.1 Wood working tools, dies, chisels, cutting
High tools, etc.
Carbon 1.1-15 Metal cutting tools, razor blades, files,
drills, gauges etc.

Table 1: Applications of Carbon Steels

One important feature of steel is that its properties can be easily controlled and manipulated. It can be
made softer and ductile or it can be made more hard and brittle, using simple processes, depending on the
end use for which steel is required.

7.4  Classification of cast iron

On what factors the various irons are classified?

The various irons can be classified on the form of their graphite and the type of matrix structure in which it
is embedded.

In what form the carbon is present in steel and cast iron?

While carbon in ordinary steel exists as cementite (Fe3C), in cast iron it occurs in two forms:

stable form-graphite and unstable form-cementite, analysed as combined carbon.

Classify cast irons.
The first classification of cast iron was based on its fracture.

Two types of iron were initially recognised:

i) White iron: Exhibits a white, crystalline fracture surface because fracture occurs along the iron carbide
plates; it is the result of metastable solidification (FesC eutectic).

ii) Gray iron: Exhibits a gray fracture surface because fracture occurs along the graphite plates (flakes); it is
the result of stable solidification (Gr eutectic).
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Give a comprehensive classification of cast iron based on the form of graphite and the type of
matrix structure in which it is embedded.

CAST IRON

Grey machinable iron

White, unmachinable iron no graphite

Flake Graphite

Spheroidal Graphite

Pearlitic

Martensitic

Ferritic | Pearlitic

Austenitic | Martensitic

Malleable iron temper carbon graphite

Ferritic

Pearlitic

Blackheart \

Thin Whiteheart

Whiteheart

Special Malleable

Differentiate between graphite and cementite.

Figure 1: Classification of cast iron (Pearce)

Graphite is grey, soft, and occupies a large bulk, hence counteracting shrinkage; while cementite is
intensely hard, with a density of the same order as iron.

What are the factors that mainly influence the character of the carbon in ferrous metals?
1. The presence of nuclei of graphite and other substances.
2. The rate of cooling.

3. The chemical composition.



