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CALENDAR DESCRI PTI ON

VETALLURGY MET 208
Cour se Name Cour se Nunber

PHI LOSCOPHY/ GOALS;

Know edge of netallurgy is essential to the Mechanical
Technologist in today's industrial conplex. Nearly all types of
manuf act uri ng depends upon the behaviour of netals and their alloys
and upon the known skills in using them It is not our aimto attenpt
to inpart lifelong netallurgical skills, but certainly an appreciation
of the conplexity of the subject. It would be our hope that the
successful graduate would know enough netallurgy to realize in the
course of his encounters with netallurgical problens, that his own
skills are limted and he needs to consult with a netallurgist.

METHOD OF ASSESSMENT ( GRADI NG METHOD) :

This course has two conponets weighed in worth as shown:

Theory - 65-70%
Lab - 30-35%

TEXTBOOK( S) :
Metal lurgy - Johnson & Weeks, (5th edition)
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The theory conponent covers three aspects of netall urgy:

Extractive
Physi ca
Mechani cal

EXTRACTI VE METALLURGY; covers the early history of iron and steel, the ra
materials and the equi pnent used in producing basic iron, the refining
processes used in producing basic iron, the refining processes used to pro
steel and various shaping and form ng processes used to supply the require
steel shapes in nodern industry.

PHYSI CAL AND MECHANI CAL METALLURGY: covers the netallic state of pure net
the nmechani cal properties of ferrous nmetals, the nmethods, theory and equif
realted to testing netals, the theory of alloys and equilibrium di agrans,
treatment for steel and surface treatnments of ferrous netals.

(based on Metallurgy ™ Johnson and Weeks, b5th Ed.)

EXTRACTI VE METALLURGY; Chapt er Pages

Topics; 1. Early Hstory of Iron and Steel 1 1-12
2. Producing Iron and Steel 2 13- 27
3. Refining into Steel 3 28- 45

MECHANI CAL METALLURGY:

Topics: 4. Physical Metallurgy 74- 87
5. Testing of Metals 87- 104

& Mechani cal Properties 105- 11

PHYSI CAL METALLURGY

Topics: 6. Theory of Alloys 131- 16
7. Heat Treatnent of Steel 9 165- 20
8. Surface Treatment of Steels 10 205- 22

LABORATORY COVPONENT:

In the Laboratory, preparation of known specinens will lead to stud
normal i zing, nature structures study, and heat treatnent. Hardness test
I nstrunents and m croscopes as well as specinen preparation equi pnment wl
used.
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SPECI FI C OBJECTI VES - EXTRACTI VE METALLURGY

Early H story of Iron and Stee

The Student will be able to:

1.

Gve a historical account of the origins of iron and stee

identifying by definition the conposition of both the earlies
furnace designs and damascus steel.

Descri be the direct process for making wought iron making
reference to the role played by charcoal and the purpose serv
by combustion and air in the production of sponge iron.

Descri be the begi nnings of production furnaces particularly it
reference to the Catalon furnace and forge and the furnaces t
evolved fromthe Catalon - (stuckoten or old high bl oonery).

Descri be the begi nnings of steel making processes by making
reference to:

a) the nature and content of steel

b) the need for steel

c) the early carburizing process

d) "Steeling" and Danascus bl ades", cenentation, sheai
e) wootz steel and the Huntsnman process
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TOPI C 2

PRCDUCI NG OF | RON AND STEEL

The Student will be able to;

1- Li st the constituent materials which are consuned in the
production of Iron and Steel.

2. List 5 common iron mnerals in nature and show the chem cal
formula and the iron content of each.

3. List and describe the processes involved in beneficiating
stony low grade ores like a) taconite and b) solerite.

4. Explain a) how coke is produced and list the by-products of
t he coke-naki ng process,
b) the various purposes served by coke.

5. State the source of linmestone, it's purpose in snelting and
list the dissociation equation which shows the production of
Cao (slaked linme).
6. List and describe the three kinds of scrap and state the
purpose for using scrap in iron-making processes.
SMELTI NG

The Student will be able to:

1. Sketch and |l abel a blast furnace cross section showi ng |ayers
of iron ore, coke and |inestone.

2. List the actions of the hot carbon nonoxide gas as it passes
t hrough the furnace charge.

3. Describe the operation of a blast furnace paying particul ar
attention to the double-bell hopper, the |linestone reaction,
the reduction of the silicarin ore and the production of the
hot -air bl ast.

4. List the material requirenents to nake one ton of pig iron.

5. Explain the origin of the name "pig iron".
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DI RECT REDUCTI ON PROCESSES

The Student will be able to:

1

Explain what "Direct Reduction" neans and |ist the advantag
of using such a process.

List the three general types of processes used for direct
reduction of ore and wite a brief explanation of each.

Descri be the product which is produced by direct reduction
nmet hods and |ist the advantages and di sadvant ages of the
product . .,
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TOPIC 2
REFI NI NG | NTO STEEL

The Student will be able to
1. List the elenents found in pig iron.

2. State the neaning of a) hot short stee
b) cold short steel.

3. List the common steel making processes in the order of inventi
and note briefly significant points about the process.

THE BASI C OXYGEN PROCESS
The Student will be able to:

1. List the advantages of the B.O F. over the traditional open
hearth process.

2. Sketch a diagramof the Basic Oxygen Furnace and briefly
descri be the procedure of operation.

3. Sketch the Bessenmer Converter and note the difference betweer
Bessener and the B.OF. in the manner in which oxygen is proc

4. List the main advantages of the Electric Arc. Furnace by ref<
to kinds of products and unwanted addition of carbon.

5. Describe the workings of an induction furnace.

OPEN HEARTH

The Student will be able to:

1. Explain why the Open Hearth Furnace is so naned.

2. Make and label a sinple sketch of an Open Hearth Furnace wt
it's checker chanbers.

3. Describe the charge in an Open Hearth Furnace.

4. Conpare the tinme to prepare a heat of steel by Open Hearth a
B. O F. processes.

5. Describe the crucible process and list the reasons that the
process is still used.
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| NGOT PRODUCTI ON
The Student will be able to:

1.
2.

State the reason that nolten steel is poured into ingot nolds

List the conmponents of an ingot nold and describe the functic
of each and sketch a nold sitting on a nold car.

Descri be the manner in which an ingot is stripped fromit's ir
by stripper crane.

List 7 major deficiencies or deficits found in ingots and bri
descri be each.

TYPES OF STEEL

The Student will be able to:

CON- CAST

Describe and differentiate between:

a) killed steel
b) sem-killed steel
c) rinmed steel
d) capped steel

The Student will be able to:

State the maj or advantages of Continuous Casting over alternc
met hods.
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SPECI FI C OBJECTI VES - PHYSI CAL METALLURGY

The Student will be able to:

1.

Explain that strength together with plasticity is the
conbi nation of properties that nmakes netals so inportant in t
mechani cal and electrical field.

Not e that behvaiour of netals in both plastic and elastic ran
Is inmportant in design and in manufacture.

THE SOLI D OR CRYSTALLI NE STATE OF METALS

The Student will' be able to:

1. Define "crystal™

2. Draw a lattice structure in three dinensions show ng 15
identifiable B.C.C. crystal patterns.

3. Sketch a) face-centered cubic crystal patterns;

b) hexagonal closely packed crystal patterns.

4. List the comon netals which exist as b.c.c. and/or f.c.c
crystals.

5. Explain the special feature of iron which realted to it's
ability to change fromone crystal formto another during
heating and cooling. State the nane applied to such a
change.

6. Explain that the properties of netals are dependent in a larc

nmeasure upon the type of space lattice dormed during soldifi<
and list the general properties that generally relate to

a) face-centered lattice

b) cl ose-packed hexagonal |attice.

CLEAVAGE AND SLI P PLANES

The Student will be able to:

1

Explain that sone of the nost striking effects of the crysta
pattern of atons are the directional properties created by t'
pl anes whi ch have been fornmed by the orientation of the atom

Expl ain the significance and |ocation of "cleavage pl anes".

State that "proof of crystallinity” is obtained when a nmater
such as a netal is ruptured.
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Expl ai n what happens to the atom groups when an attenpt is na*
fracture metals of the plastic crystal state. Define - "slip
pl anes".

MANNER OF CRYSTALLI ZATI ON

The Student will be able to:

1.

Using three sketches of liquid netals in the stages of
solidification show ng:

a) nucleli present at the inception of freezing

b) dendritic grain growh

c) the convergence of crystals

Explain by referring to the stages in "13", how a netal

solidifies, and why individual crystals do not share a common
orientation.

Explain the reason that we believe explains the higher streng
smal | grained netals over l|arger grained netals.

Make progressive sketches showing the formation of a crysta
note and explain the proof of a snow crystal.

Note that regardless of the external shape of the netal cryst
the internal shape of the crystal is the same if the netal is
sane.

Explain the difference between crystals and grains.

DEFORVATI ON OF METALS

The Student will be able to:

1

Make a sketch of a 100 x magnification of comercially pure i
bef ore deformation showing grain size and boundary. WMake a
simlar sketch showing slight plastic deformation,

Expl ai n what beconmes of severely deformed netals.

Expl ain the changes in the physical properties of the netal a
it has experienced sone pernmanent defornation.
Refer to: a) tensile strength

b) yield point

c) hardness

d) scratch hardness (cutting strength)

e) stiffness

f) plasticity (formability)

Expl ai n what happens to highly stressed and highly deforned
materials in corrosive atnospheres.



Page 11

WORK HARDENI NG

The Student will be able to:

1. Explain the phenonenon of "work hardening” according to the
slip-interference theory.

RECRYSTALLI ZATI ON

The Student will be able to:

2. Explain what happens to the structure of a highly stressed
material if it's tenperature is raised to above normal for a

(anneal i ng) .
3. Explain the process called "stress relief".

4. Explain the phenonenon of "recrystallization" and list the
advantages to be gained by causing a stressed and distorted
crystal structure to recrystalli ze.

GRAIN GROWH

The Student will be able to:

1. Explain what happens to the grains when work hardened materia
is heated to a tenperature above that of the |owest tenperatu
of recrystallization and held at that tenperature for a tine.

2. Explain why large grains as gained in long anneal canpaigns a
often desirable.
3. State the relationship between the anmount of cold deformation

and the resultant grain size after anneal.

GERM NATI ON

The Student will be able to:

1. Explain the neaning of the term "germnation".

COLD CRYSTALLI ZATI ON

The Student will be able to:

1. Explain the reasons that old belief that "netal sections ofte
failed in service due to cold crystallization” has been disca

2. State the conditions under which grain gromh will occur belo
critical tenperature range.
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State how chain links and like parts not yet failed, but brit
from severe service can be sonmewhat restored to strenght. No
that when surface cracking has occurred annealing wll not

strengthen or weld broken parts.
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SPEC FI C OBJECTI VES - MECHANI CAL PROPERTI ES OF METALS

The Student will be able to:

1

10.

Note that a thorough know edge of the physical properties of
nmetals is required by people in skilled trades to enable ther
do their jobs efficiently and effectively. The technol ogi st -
techni ci an nust know the specific properties to do his job.

Understand that strength conbined with toughness, are
characteristics making steel so valuable as the primary con-
struction material .

List other factors and properties that allow certain nmateria
to be used in industry.

Note that netals can be cast into varied and intricate shapes
and steels can be readily wel ded.

G ven a steel product, described by it's simlarity to benchir
steel products, determne the range of it's carbon content.

G ven a particular carbon content, provide (list) at |east tw
steel products that have that |evel of carbon.

Differentiate between "carbon steels" and "plain carbon stee
State the carbon range of steel.

State the purpose of nodifying carbon content of steel.
State the carbon content and applications of

a) |ow carbon steel
b) nmedi um carbon steel
c) high carbon steel

M NOR CONSTI TUENTS

The Student will be able to:

1.

State the reason for adding or renoving the follow ng mnor
constituents in steel:

a) nmangonese e) copper
b) silicon f) lead
c) sulfur g) oxides

d) phosphorous h) gases
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SELECTI ON OF CARBON STEELS
The Student will be able to;

1. Define the follow ng by carbon content, the possible resultar
products and sone of it's nechanical properties:

a) ingot steel e) forging stee

b) tin plate f) screw machi ne steel
C) Wwre rivets & nails ¢g) tool steels

d) structural steel

NECHANIQAL_PRCPERTIE$
The Student will be able to:

1. Draw the curves of the following related to % carbon

a) hardness c) tensile strength
b) toughness d) field strength

2. State why it is essential that a nmechanical technician-
technol ogi st know the definitions of the various mechanica
properties of netals.

3. Define clearly: a) strength
b) plasticity
c) tensile strength
d) conpressive strength
e) fatigue strength
f) yield strength
4. State clearly the nmeanings of the followi ng words as they rel
to netals performance: a) elasticity
b) ductility
c) malleability
d) toughness
e) brittleness

, 5. State the inportance of the position of a netal on the electr
chem cal series to it's nature to corrode.

6. Explain "sacrificial action" and state how this principle is
applied for the prevention of the corrosion of iron.
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SPECI FI C OBJECTI VES - THEORY OF ALLOYS

The Student wi 11 be able to;

1.

10.

Using the cooling curves for a type | alloy systemin which t
percentage of one alloy is varied in steps of 20% from 0% to
Construct the typical constitutional diagramof the type | sy

Draw the typical tinme-tenperature cooling curves for alloys t
formsolid solutions, eutectic m xtures or eutectoid m xtures
Expl ai n why each curve is the shape shown.

Gven a type | alloy systemas defined by it's constitutiona
di agram (copper-ni ckel); explain what happens as an alloy ric
in copper than nickel cools slowy fromliquid to a solid.

Expl ain how cored structures occue in type | alloy systens.
Expl ai n what "eutectic" means.

Gven a type Il alloy systemas defined by it's constitutiona
di agram explain what happens as an alloy of 25% netal A,

75% nmetal B cools slowy fromliquid to solid. Use the cadm
bi smuth system as an exanpl e.

Gven a type 11l alloy systemas defined by it's constitution.
di agram expl ain what happens as an alloy of 25%netal A, and
75% nmetal B cools slowy fromliquid to solid. Use the coppe
silver system as an exanpl e.

Explain the inportance of the formation of internetallic conp<
in industrial alloys. List the commobn ones.

Sketch the sinplified iron carbon diagram and identify the
different areas with the follow ng | abels:

a) liquid solution

b) liquid solution and solid sol ution
C) iron

d) and

e) iron and Fe”C

f) FesC + Liquid

s)) iron + Fe

Define the Fol | owi ng:

a) ferrite f) pearlite
b) i ron austenite
c) cenentite ﬁ iron

d) iron carbide i) allotropy

e) Om
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Sketch the "steels portion” of the iron - iron earbide diagrc
| abel conpletely.

State the tenperatures at which the followng solids form

a) pearlite
b) pure iron

Describe the slow cooling of an eutectoid steel fromit's
austenite form

Describe the slow cooling of a structural steel fromit's
austenite form

Descri be the slow cooling of a tool steel fromit's austenite
form

Describe the slow heating to austenite from room tenperature
a eutectoid steel.

Expl ai n what happens to an alloy containing nore than 1.7% ca
as it cools slowy fromit's austenite form

Describe crystal growh as a functional tenperature.

Expl ai n what happens to the characteristics of carbon steel a
inmpurities are added.
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SPECI FI C OBJECTI VES - HEAT TREATMENT OF STEEL
The Student will be able to:

1- Define "Heat Treatnent" and state the objective of heat
treat ment.

2. Make a sketch of the iron carbon diagram and shade in areas

showi ng the tenperatures at which various heat treatnents are
conduct ed.

Use the follow ng col our schene:

Red - full annealing and hardening range

Yell ow - normalizing range

Green - Spheroidizing range

Orange - Process annealing of cold worked stee

3. a) In point form describe the procedure followed for nornal
heat treatnent.
b) State why normalizing is done and to which kinds of steel
products the procedure is applied.
c) Describe the origin of and heat treatnent procedure for
eggshel | type structures in hypereutectoid steels.

ANNEALI NG
The Student will be able to

a) State why annealing is carried out.

b) Describe the general annealing process.

c) State the two basic types of structures obtained from
anneal ing heat treatnents and nake sketches of each
structure after being annealing for free machining.

d) Describe the annealing process suitable for each of the
two types of annealing heat treatnents nentioned in 4(c).

e) Explain how a spheroidization nay be done in reduced tine
conpared to normal/ as a result of fairly recent discover

ANNEALI NG OF COLD- WORKED STEEL
The Student will be able to

a) Explain what happens to the grains of netal when cold wor]
b) Explain the general process for annealing col d-worked net-
c) Explain "bright annealing".
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STRESS - RELI EF

The Student will be able to

a)

Expl ain the sources of the causes of high residual stress
b)

Explain how a part may be relieved of stress by heat
treatnent.
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HARDENI NG OF CARBON STEELS

The Student wi ||

be able to:

1. a)

b)
c)

State the three main requirenents of steel for successful
hardeni ng by the quench-harden net hod,

State the general procedures for quench-hardening.

Expl ain the object of heating operation in the quench-
har deni ng procedure.

2. Explain the significance of the AcCmline in the nodified Iro

Car
for

3. a)
b)

f)
QUENCH NG MEDI A

The Student wi 11

bide diagramreferred to in Cbjective 2; in terns of the
mati on of gamma iron,

State the purpose of the rapid cooling operation in harde
In ternms of tenperatures, speed of cooling and netall urgy
products, explain the formation of the brittle hardened
material called martensite.

Descri be the appearance and physical properties of marten
Expl ai n why quenching is necessary in hardening,

Sketch the tinme-tenperature quenching curve for steel sho
a series of curves which lead to various heat treatnent
products including a successful quench to martensite*
Define "retained austenite" by explaining it's fornmation.

be able to:

1. a)

b)
c)
d)

List the nanes of the three kinds of steel as categorized
t he quenchi ng nmedi a.

Describe the three stages of liquid quenches.

State the purpose of quenching in bring solutions.
Explain why oil is used as a quenching medi um

HARDENI NG EFFECTS

The Student will be able to:

1 a)
b)

c)
d)

e)

Explain what is nmeant by shall ow hardeni ng.

Explain the relationship between original grain size, heat
treating tenperature and tine at tenperature upon grain si
State the reasons for warpage and cracking in heat treated
steel s.

Explain the reason for the occurrence of a layer of soft
material on the surface of hardened steel.

Expl ain the occurrence of soft areas on the surface of

har dened tools and dies.
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The Student will be able to:

12.

a) State the operations involved in the general process of
t enperi ng,

b) List the quantities present in a fully hardened stee
bef ore tenpering.

c) State reasons for tenpering,

d) Explain what happens to a fully hardened plain carbon
steel as it:

i) 1is heated to 93°C
ii) 1is heated to 205°C
iii) 1is heated to 260°C
iv) 1is heated to 315°C
e) Explain the effect of tenpering upon hardness and tough

f) Explain the effect of time in tenpering.
g) Explain the causes of volunme changes in hardening and
t ougheni ng.
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SPECI FI C OBJECTI VE - SURFACE TREATMENT OF STEELS

CARBURI ZI NG

The Student wi 11 be able to;

1.

State the general purpose and procedure used for carburizing
surf ace.

Describe in detail, stating equipnent used, tinme and tenperat
t he processes:

a) Pack Carburizing

b) Gas Carburi zing

c) Liquid Carburizing (cyaniding)

d) Chaprani zi ng

e) Ntriding
Describe in detail, mention tenperatures and equi prent used f
t he processes:

a) Flanme Hardening
b) Induction Hardening

State some of the reasons to explain why coatings are appliec
met al s.

Describe the follow ng processes:

a) Phosphate Coatings

b) Surface Oxidation

c) Metal Spray processes
d) Hard facing processes
e) xide Coatings



