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The earth contains a large number of metals which are useful to man. One of the most important
of these is iron. Modern industry needs considerable quantities of this metal, either in the form of i-
ron or in the form of steel”. A certain number of non-ferrous metals including aluminium and zinc
are also important, but even today the majority of our engineering products are of iron or steel. Mo-
reover, iron possesses magnetic properties, which have made the development of electrical power
possible.

The iron ore which we find in the earth is not pure. It contains some impurities which we must
remove by smelting. The process of smelting consists of heating the ore in a blast furnace-a cuopla,
with coke and limestone, and reducing it to metal®. Blasts of hot air enter the furnace from the bot-
tom and provide the oxygen which is necessary for the reduction of the ore. The ore becomes molten,
and its oxides combine with carbon from the coke. The non-metallic constituents of the ore combine
with the limestone to form the liquid slag. It floats on the top of the molten iron, and passes out of
the furnace through the tap. The metal which remains is pig-iron.

We can melt this down again in another furnace with more coke and limestone, and tap it out
into a ladle or directly into moulds. This is cast-iron. Cast-iron does not have the strength of steel.
It is brittle and may fracture under tension. But it possesses certain properties which make it very
useful in the manufacture of machinery. It is very fluid in the molten state, and therefore it is easy to
cast it into complicated shapes. Also it is easy to machine it. Cast-iron contains small properties of
other substances. These non-metallic constituents of cast-iron include carbon, silicon and sulphur,
and the presence of these substances affects the behavior of the metal. Iron which contains a small
quantity of carbon, for example wrought-iron, behaves differently from iron which contains a lot of
carbon.

The carbon in cast-iron is present partly as free graphite and partly as a chemical combination
of iron and carbon which we call cementite. This is a very hard substance, and it makes the iron
hard too. However, iron can only hold about 1. 5% of cementite. Any carbon content above that
percentage is in present in the form of graphite. Steel contains no free graphite, and its carbon ran-

ges from almost nothing to 1. 5% . We make wire and tubing from mild steel with a very low content,

and drills and cutting tools from high carbon steel.

1. aluminium [ \ljur” minjom ] n. %
2. zinc [ zipgk | n. %
3. magnetic [ meg”netik | a.  RERY, BEMERY
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15.
16.
17.
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20.
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23.
24.
25.
26.
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29.
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31,
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34.
35,

impurity

smelt

ore

blast

furnace

coke
limestone
molten
oxide
carbon
metallic
non-metallic
slag
cupola
ladle
mould
brittle
fracture
cast
silicon
sulphur
graphite

cementite

[ im” pjuoriti ]
[ smelt ]
[0:(r) ]

[ blazst]

[ “fornis ]

[ kouk ]

[ “laimstoun ]
[ “maulton ]

[ “oksaid ]

[ “kaban ]

[ mi”teelik ]

[ sleeg ]

[ “kjurpala]
[ “leidl]

[ mould ]

[ “britl ]

[ “freektfa ]
[kamst]
[ “silikon ]

[ “salfa]

[~ greefait ]

[ si” mentait ]

considerable quantities of

non-ferrous metal

iron ore

combine with

pig-iron

cast-iron
the presence
wrought-iron

free graphite

cutting tool
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2. The process of smelting consists of heating the ore in a blast furnace-a cuopla, with coke and

limestone,, and reducing it to metal.
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Metal Terminology

Age hardening

The term as applied to soft or low carbon steels, relates to slow, gradual changes that takes
place in properties of steels after the final treatment. These changes, which bring about a condition
of increased hardness, elastic limit ,and tensile strength with a consequent loss in ductility, occur
during the period in which the steel is at normal temperatures.

Aging

Spontaneous change in the physical properties of some metals, which occurs on standing, at at-
mospheric temperatures after final cold working or after a final heat treatment. Frequently synony-
mous with the term “Age hardening”.

Air cooling

Cooling of the heated metal, intermediate in rapidity between slow furnace cooling and quench-
ing, in which the metal is permitted to stand in the open air.

Air hardening steel

Alloy steel which may be hardened by cooling in air from a temperature above the transforma-
tion range. Such steels attain their martensitic structure without going through the quenching
process. Additions of chromium, nickel, molybdenum and manganese are effective toward this end.

Alclad

The common name for a type of clad wrought aluminum products, such as sheet and wire, with
coatings of high-purity aluminum or aluminum alloy different from the core alloy in composition. The
coatings are anodic to the core so they protect exposed areas on the core electrolytic during exposure
to corrosive environment.

Alloy

Metal prepared by adding other metals or non-metals to a basic metal to secure desirable prop-
erties.

Alloy steel

Steel containing substantial quantities of elements other than carbon and the commonly accepted
limited amounts of manganese, sulphur, silicon, and phosphorous. Addition of such alloying ele-

ments is usually for the purpose of increased hardness, strength or chemical resistance. The metals

—_5 —



most commonly used for forming alloy steels are: nickel, chromium, silicon, manganese, tungsten,
molybdenum and vanadium. “Low Alloy” steels are usually considered to be those containing a total
of less than 5% of such added constituents.

Annealing

A heating and cooling operation implying usually a relatively slow cooling. Annealing is a com-
prehensive term. The process of such a heat treatment may be: to remove stresses; to induce soft-
ness; to alter ductility; toughness; electrical magnetic, or other physical properties; to refine the
crystal structure ; to remove gases; to produce a definite micro-structure. In annealing the tempera-
ture of the operation and the rage of cooling depend upon the material being heat treated and of the
treatment.

Austenite

Phase in certain steels, characterized as a solid solution, usually off carbon or iron carbide in
the gamma form of iron. Such steels are know as “austenitic”. Austenite is stable only above 1,333
degrees in a plain carbon steel, but the presence of certain alloying elements, such as nickel and
manganese , stabilizes the austenitic form, even at normal temperatures.

Austenitic steel

Steel which, because of the presence of alloying elements, such as manganese, nickel, chromi-

um, etc. , shows stability of Austenite at normal temperatures.

1. tensile [ “tensail ] a. FL(iK) Y
2. ductility [ dak~tiliti ] n.  JEIEM, TR
3. spontaneous [ spon’teinjas,-nias| a” HER, KARK
4. synonymous [ si’nonimas ] . a [FEXH
5. intermediate [ into”mixdjot] . n.  hEE, HEAY
6. transformation[ treensfo’meifon] n. Ak, AR

" 7. martensitic [ jmaztin” zitik | a. SR
8. chromium [ “kroumjom | f
9. molybdenum [ ma’libdinom | k Nt
10. manganese [ ‘mﬁanga' ni"':'z."?.mm‘@n‘garl"ile e
11. alclad - . a4 EEM
12. clad [Kled] v ERRINEUR -MER ;e FRI
13. core [ ko] n B, PLERs
14. composition [ kompa”zifon ] | n. Bk, A
15. anodic [ 9’ nodik ] . a. EWH, FHKE
16. electrolytic [ilektrou’litk] a HHFH
17. substantial [ sab”stenfal ] a. HEHY, 4/
18. phosphorous [ “fasforas ] a. HEH
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19.
20.
21.
22.
23.

tungsten
vanadium
austenite
carbide

gamma

[ “tapston ]

[ va’neidiom,-djom ]
[ “o1stanait |

[ “ka:baid ]
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Heat treating refers to the heating and cooling operations performed on a metal for the purpose

of altering such characteristics as hardness, strength, or ductlhty(D A tool steel intended to be ma-
chined into a punch may first be softened so that it can be machined. After being machined to
shape, it must be hardened so that it can sustain the punishment that punches receive®. Most heat-
ing operations for hardening leave a scale on the surface, or contribute other surface defects. The fi-
nal operation must, therefore, be grinding to remove surface defects and provide a suitable surface
finish. When a steel part is to be either hardened or softened, its temperature must be taken above
the critical temperature line; that is, the steel must be austenitized. Usually a temperature of 50 to
100 degrees. Above the critical temperature is selected, to ensure that the steel part reaches a high
enough temperature to be completely austenitized, and also because furnace temperature control is
always a little uncertain.

The steel must be held at furnace temperature for sufficient time to dissolve the carbides in the
austenite, after which the steel can be cooled. How much residence time in the furnace is required
is to some degree a matter of experience with any particular steel® . Usually, for a 3/4 in. bar, 20
minutes or slightly more will do. Double the time for twice the diameter. Alloy steel may require a
longer furnace time, many of these steels are best preheated in a low-temperature furnace before be-
ing charged into the hardening furnace.

When the heating time is completed, the steel must be cooled down to room temperature. The

cooling method determines whether the steel will be h&rdened or softened. If the steel is quickly re-
moved from the furnace and quenched into coid water

r, lt will be hardened. If it is left in the furnace

to cool slowly with the heat turned off, or - cc ’led in air (small pieces of plain carbon steel cannot be
air-softened , however) , it will be softene

2 -&ﬂoy steels may be hardened by air-cooling, but
plain carbon steels must have a more severe quenc:h almost always water®.

There are several oftemng methods for steels , and the word softeni

g therefore does not indi-

cate what softening

tenite is called annea

(dead soft).
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