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Unit one Metal Material and Heat
Treatment of Steel

Passage One

The Mechanical Engineering Material

Types of materials

Materials may be grouped in several ways, and often be classified by
their state: solid, liquid, and gas. The scientists also separate the
materials into organic and inorganic materials.

For industrial purpose, materials are divided into engineering
materials or nonengineering materials. Engineering materials are those
used in manufacture and become parts of products. Nonengineering
materials are the chemicals, fuels, lubricants and other matericals used in
the manufacturing process which do not become part of the product.

Engineering materials may be futher subdivided into: Metals,
Polymers, and Ceramics. A fourth type of material sometimes listed is
called a composite. Materials in this group are made up of two or more
materials from the engineering groups. Each of the materials in a
composite retains its orginal characteristics. Examples of composites
include wood-, concrete-, glass-reinforced polyester, and graphite
polymer advanced composites.

Classification of metals
Metals were formerly thought to be those elements that had a
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metallic luster and were good conductors of heat and electricity. Actually
metals are generally defined as those elements whose hydroxides form
bases (such as sodium or potassium). The nonmetals’ hydroxides form
acids (such as sulphur). Metals may exist as pure elements. When two or
more metallic elements are combined, they form a mixture called an
alloy.

The term alloy is used to identify any metallic system. In metallurgy it
is a substance, with metallic properties, that is composed of two or more
elements, intimately mixed. Of these elements, one must be a metal. Plain
carbon steel, in the sense, is basically an alloy of iron and carbon. Other
elements are presented in the form of impurities. However, for
commercial purposes, plain carbon steel is not classified as an alloy steel.

Alloys may be further classified as ferrous and nonferrous. Ferrous
alloys contain iron. Nonferrous alloys do not contain iron. All
commercial varieties of iron and steel are alloys. The ordinary steels are
thought of as iron-carbon alloys. However, practically all contain silicon
and manganese as well. In addition, there are thousands of recognized
alloy steels, and the base metal for all these is iron.

Nonferrous metals are seldom found in the pure state. They must be
separated from the gangue before the ore can be reduced. Metals and
metal compounds are heavier than the gangue. They settle to the bottom
if such a mixture has been agitate in water. This process is similar to the
method used by the early miners who panned for gold. However,
refinements have been developed to speed up the accumulation of metal
compounds by using this principle.

Properties of metals

All materials have their own properties or characeristics. These
properties may be arranged into major groups which include: physical
properties, mechanical properties, chemical properties, thermal
properties, electrical and magnetic properties, optical properties, etc.

Metals have properties that distinguish them from other materials.
The most important of these properties is strength, or the ability to
support weight without bending or breaking. This property combined
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with toughness is important. Metals also have advantages regarding
resistance to corrosion. They are responsive to heat treatment.

The properties of metals may be classified in three categories:
chemical properties, mechanical properties, and physical properties.
Here we will emphasize the primary mechanical properties of metals. In
understanding the related areas of metalworking and methods used today,
mechanical properties of metals are of the utmost importmace. And the
most two important mechanical properties of metals is strength and
hardness.

The strength of a metal is its ability to resist deformation or rupture.
In certain items such as a machine tools, a combination of strength and
plasticity is desirable. A tough metal possesses very high strength. It also
has the capability to deform permanently and resist rupture. Toughness
enables the metal to survive shock or impact without fracture.

Hardness is the resistance of a material to penetration or scratching.
It accounts for abrasion resistance as well as resistance to denting. The
hardness of metals varies greatly. Some, like lead, can be indented
easily. Others like tungsten carbide, approach diamond hardness.
Hardness is also directly related to strength. The harder a material, the
stronger it is.

1. Metals were formerly thought to be those elements that had a metallic luster
and were good conductors of heat and electricity.
metals ) Fif, that 5| 3 HE 18N A ZEE elements,

2. In metallurgy it is a substance, with metallic properties, that is composed of
two or more elements, intimately mixed.
in metallurgy AR, with metallic properties #4f Ai&, B that 5|51 & &
MAEEHi#1#E a substance.
BESORA TER &, e R M PIFMESR RN L LT R SR S BA SRR
PRI P
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IKey Words and Expression

. nonferrous /non!feras/ K44k, 4 489

l Exercises

1. Answer the following questions according to the text.
(1) How many types may be the engineering material classified?
(2) What is the composite?
(3) What is the alloy?

2. Fill in the blanks according to the text.

(1) Alloy may be further classified as and .

(2) Engineering materials may be further subdivided into: ; ,
and :

(3) The most important of these properties is , or the ability to

support weight without bending or breaking.
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Passage Two

Heat Treatment of Steels

Heat treatment is the operation of heating and cooling a metal in its
solid state to change its physical properties. According to the procedure
used, steel can be hardened to resist cutting action and abrasion, or it can
be softened to permit machining. With the proper heat treatment internal
stresses may be removed, grain size reduced, toughness increased, or a
hard surface produced on a ductile interior.

The following discussion applies principally to the heat treatment of
ordinary commercial steels known as plain-carbon steels. With this
process the rate of cooling is the controlling factor, rapid cooling from
above the critical range results in hard structure, whereas very slow
cooling produces the opposite effect.

Hardening
Hardening is the process of heating a piece of steel to a temperature
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within or above its critical range and then cooling it rapidly.

The hardness obtained from a given treatment depends on the
quenching rate, the carbon content, and the workpiece size. In alloy
steels the kind and amount of alloying element influences only the
hardenability (the ability of the workpiece to be hardened to depths) of
the steel and does not affect the hardness except in unhardened or
partially hardened steels.

The hardness that can be obtained from a given treatment depends
upon the following three factors:

(1) Quenching rate.

(2) Carbon content.

(3) Workpiece size.

Rapid quenching is needed to harden low carbon and medium plain
carbon steels. Water is generally used as a quench for these steels. For
high-carbon or alloy steel, oil is used. Its action is not as well as that of
water. Where extreme cooling is desired, brine is used.

The maximum degree of hardness obtainable in steel by direct
hardening is determined largely by the carbon content. Steel with a low
carbon content will not respond greatly to the hardening process. Carbon
steels are generally considered as shallow hardening steels. The hardening
temporature varies for different steels; it depends upon the carbon
content in fact.

Tempering

Steel that has been hardened by rapid quenching is brittle and not
suitable for most uses. By tempering or drawing, the hardness and
brittleness may be reduced to the desired point for service conditions. The
operation consists of reheating quench-hardened steel to some
temperature below the critical range followed by any rate of cooling. The
final structure obtained from tempering a fully hardened steel is called
tempered martensite.

In the process of tempering, some consideration should be given to
time as well as to temperature. Although most of the softening action
occurs in the first few minutes after the temperature is reached, there is
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some additional reduction in hardness if the temperature is maintained for
a prolonged time. Usual practice is to heat the steel to the desired
temperature and hold it there only long enough to have it uniformly
heated.

Annealing

The primary purpose of annealing is to soften hard steel so that it
may be machined or cold worked. It is usually accomplished by heating
the steel to slightly above the critical temperature, holding it there until
the temperature of the piece is uniform throughout, and then cooling at a
slowly controlled rate so that the temperature of the surface and that of
the center of the piece are approximately the same. This process is known
as full annealing because it wipes out all trace of previous structure,
refines the crystalline structure, and softens the metal. Annealing also
relieves internal stresses previously set up in the metal.

The temperature to which a given steel should be heated in annealing
depends on its composition; for carbon steels it can be obtained readily
from the partial iron- carbide equilibrium diagram. When the annealing
temperature has been reached. the steel should be held there until it is
uniform throughout. For maximum softness and ductility the cooling rate
should be very slow, such as allowing the parts to cool down with the
furnace. The higher the carbon content, the slower this rate must be.

There aye three different types of annealing processes used in
industry: (1) full annealing, (2) process annealing, (3) spheroidizing.
Normalizing and Spheroidizing

The process of normalizing consists of heating the steel about 10~
40C above the upper critical range and cooling in still air to room
temperature. This process is principally used with low-and medium-
carbon steels as well as alloy steels to make the grain structure more
uniform, to relieve internal stresses, or to achieve desired results in
physical properties. Most commercial steels are normalized after being
rolled or cast.

Spheroidizing is the process of producing a structure in which the
cementite is in a spheroidal distribution. If a steel is heated slowly to a
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temperature just below the critical range and held there for a prolonged
period of time, this structure will be obtained. The globular structure
obtained gives improved machinability to the steel. This treatment is
particularly useful for hypereutectoid steels that must be machined.
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I__!_-errcises

1. Answer the following questions according to the text.
(1) How many types may be the heat treament classified?
(2) What is the heat treatment?
(3) What is the primary purpose of annealing?
2. Fill in the blanks according to the text.
(1) The hardness that can be obtained from a given treatment depends upon
, , and
(2) The maximum degree of hardness obtainable in steel by direct hardening

is determined largely by
(3) The three different types of annealing processes used in industry is
’ , and
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