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PART ONE METALLIC MATERIALS RUDIMENTS

Unit 1. Metal and Civilization

Materials are probably more deep-se;ted in our culture than most of us realize®. Histor-
ically, the development and advancement of societies have been intimately tied to the
members’ ability to produce and manipulate materials to fill their needs®. In fact, early civi-
lizations have been designated by the level of their materials development, for example,
stone age, bronze age, and iron age. ,

Solid materials have been conveniently grouped into three basic classifications; matals,
ceramics, and polymers. This scheme is based primarily on chemical makeup and atomie
structure, and most materials fall into one distinct grouping or another, although there are
some intermediates. What may be considered to be a fourth group--the composites-consists
of combinations of two or more different materials.

In the field of machine building, metal is most frequently used.

What is the metal? )

In engineering, metals are understood as substances possessing a characteristic 'metallic
lustre’ (all metals are more or less lustrous) and plasticity. In this respect, they are easily
distinguishable from non-metals, such as, wood, stone, glass or porcelain,

"Metals are bright bodies which may be forged” — this definition given by Russian scien-
tist M. V. Lomonosov more then 200 years ago still retains its scientific meaning, The above
properties are found not only in pure metals, but also in more complex substances composed
of a few metallic elements and sometimes with an admixture of noticeable quantities of non-
metallic elements®. Such substances are called metallic alloys. Therefore, metallic alloys
can also be called metals in a broder sence.

The classical Greek civilization knew of seven metals; gold, silver, copper, iron, tin,
lead and mercury. Gold and, to a lesser extent, silver, were called 'noble metals’. Botb
metals were used for coins and ornaments in almost all civilizations. To a great extent the
value placed on gold and silver is due to their lack of reactivity, In this world where all other
things die and pass away, gold, and sometimes also silver, remain. - .

Gold, silver ,and copper occur as free metals, and free iron only oecurs in some mete-
orites. In the earth, we can find the iron ore which is an iron oxide. The iron oxide is usually
a componnd of iron and oxygen. Breaking up the oxide to get metals is called smelting. Met-
allurgy was probably established when observant men found that certain stones around a
compfire had been "changed” into a metal. Thus ancient civilizations slowly learned to extract
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iron from its ores by heating.
In the very early days, ancient man also learned to make fires hot enough to melt metals

in earthenware containers, called “crucibles”. He discovered that the molten metal could be
poured into the cavity made by placing together two halves of a hollowed-out clay or stone
mould ; the metal filled the cavity and, when solid, it was found to have taken the shape of
the cavity®,

The art of blending metals was gradually developed and it became known that an 'alloy

formed in this way was sometimes stronger, harder, and tougher than the metals of which it

was composed®, Probably the first alloy being made was a bronze, consisting of copper,
with about one part in ten of tin. The primitive metallurgists discovered that if a greater pro-
portion of tin were used the alloy was harder, while less tin gave a softer alloy, so that for
different purpose bronzes with varying tin contents were deliberately produced.

In the twentieth century the expansion of the use of metals has heen so rapid that con-
siderably more metal has been extracted®. Our material civilization and every amenity of life
depend on the work of the metallurgist dnd on his ability ta produce the right metal for each
particular purpose®, In the morning we are awakened by an alarm clock, the working com-
ponents of which are metallic. We press an electric swich and current passed along a copper
wire to light a lamp with a tungsten filament. we read a newspaper that has been printed
with a lead alloy type-metal. During one day, hundreds of metal objects may be used,
whether we operate a lathe, supervise a computer or drive a car.

Our material civilization depends on tbe effecient harnessing of power, but the control of
this power is made possible by the use of metals and alloys. Without mefals no railway,
aeroplane, motor car, electric motor or interplanetary space vehicle could operate.

A rigid classification of the elements into metals, such as iron and copper, and non-met-
als, such as carbon and boron, is not completely valid. Elements such as antimony have
properties characteristic of non-metals, with some metallic tendencies; they are known as se-
mi-metals or metalloids. Anotber intermediate group, known as semi-conductors, ineludes
silicon and germanium) they beve a low electrical conductivity characteristic of non-metals
but the conductivity increases with increase of temperature; furtbermore their eonductivity
can be controlled by the addition of minute quantities of impurities, a phehomenon that led to
the twentieth-century development of transistots. ‘ i '

While development of the new metals'is proceeding, fresh endeavours are cohtinually
being made to widefi the scope of the well-known matetials®. ’ '

New Words and Expressions
deep-seated a. (RBW . B, M%) ¥ B designate /‘dezigneit/ vt. 480,55

AR, R E G metal /metl/ n. B, EREL.EMAE
intimately /lintimitli/ ad. B8, F#& eeramic /si'reemik/ a.ﬂ Nﬁ(m).
manipulate /me'nipjuleit/ vt. ¥, B f 1) T AT Ly

4bg polymer /'polime/ n. B4, B4k,



ERY
composite /'kompazit/ n. SERH,.HE
s
possess /pa'zes/ vt. BR&, 5 H.H#HE,
XA, R
lustre, luster /Masta/ n. G EE
plasticity /plees'tisitt/ n. W] ¥ ¥, ¥ #:,
porcelain /'po;slin/ n. &, (R &EEE
coin /koin/ n. BEH
ornament /'2;nement/ n. B
meteorite /'mi;tjarait/ n.[BH
earthenware /'a;fonwea/ n. lH§
crucible /'kru,sibl/ n. Hf#8
cavity /'kaeviti/ n. J{,d0%8, 25
blend /blend/ vt.1B&
bronze /bronz/ n. W&, BWHEH
primitive /'primitiv/ a. JEGEH ., K dH
metallurgist /me'teladsgist/ n. 2R
deliberately /di'libaritli/ ad. {& BB R H:,
HE
expansion /iks'penfan/ n. ¥H.I K.
BB
extract /fiks'treekt/ vt $2H

amenity /e'mi:niti/ n. (REE, SIREDFIR .

Notes

tungsten /'taystan/ n. 8

filament /ilomant/ n.{J#

harness /'ha:nis/ vt 1§F, #|fH

interplanetary / inta;'plaenitari/
a. BFRERY

vehicle /'viikl/ n, 328 LH, 4748,
RizE 2%

rigid /'ridsid/ a. BERER), FIEERY, FERE B

boron /'bosron/ n. §

antimony /'entimeni/ n. &

metalloid /'metaloid/ n. #ESE, &R/

silicon /'silikan/ n. &

germanium /d3s:'meiniom/ n. &

phenomenon /fi'nominan/ (pl. penomena)
n. B &

endeavour /in'deva/ n. R A

be tied to  YOIREH , WA HlH

distinguishable from X§|F

in a border senee ¥ I
to a lesser extent TERMERE L, Hik
to a great extent FEARCERE R

due to HWF,WHTF
break up BER:, B

(D Materials are probably more deep-seated in our culture than most of us realize.

HHREBRINXHHXRL RIS EARR RN ERERE,

B] 5t more. .. than... ¥4,

@ Historically, the development and advancement of societies have been intimately tied to

the members’ ability to produce and manipulate materials to fill their needs.

Bkt ae R BAGEER '?A%&Fﬁl{ﬁmﬁﬁ%ﬁ;%fmmE‘Jﬁ*ﬁ@]ﬁﬁﬁ%ﬁ‘ﬂwﬁ

REREH.

) to fill their needs R R IBEE B, B Hi materials,

@ The above properties are found not only in pure metals, but also in more complex sub-

stances composed of a few metallic elements and sometimes with an admixtute of noticeable

quantities of non-metallic elements.

LRVERE, AU EMAE . ﬁﬁﬁﬁﬂﬁﬁﬁm?ﬁ&ﬂﬁﬁﬁ%&?%ﬁmﬂﬁ HE X

VREHE—ERHESRBSY.
]9 not only. . . but (also)...

HPUEE, BT R AR TTH w5 com-
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posed of ... A IEEEIE, B substances; with #B% ", “5°; noticeable guantities
- BEREN,. —EHEN.
@ He discovered that the molten metal could be poured into the cavity made by placing to-
gether two balves of a hollowed-out clay or stone mould: the metal filled the cavity and,
when solid, it was found to have taken the shape of the cavity.
HRAAMNZR BE LN EBEASHENPZHEMRE LM REERBEEY
— RS, EREREERE, — L8R, SRR EERERHER.
4] #t that the molten metal ... ¥ that §|5 #51E M 51; made by apleing together, . .
ATiA) HigfeE i, B cavity,
® The art of blending metals was gradually developed and it became known that an
“alloy” formed in this may was sometimes stronger, harder, and tougher than the metals of

which it was composed,
BEERHLEEHBI LR, AXMFEERN S &"EEARE NS RORE .8
JEX ST |
B it ZH X F1E that 517 35 WA formed in this way 4G TEVE B 15, MM A
H1f9 metals; of whicb it was composed 18 M), BHi metals. which BI Y of % he com-
podes of . of, BT R RIS, LA BF AAXK. ‘
In the twentieth century the expansion of the use of metals has been so rapid that con-
siderably more metal has been extracted.
EHE,ERAEHBIRELR, ﬂﬁﬂ‘ﬁﬁ%ﬂ‘]ﬁﬁﬁ&ﬁﬁﬂﬁe
A so. .. that... fIHee s PIBFooeor, that §] B85 RRE A,
@ Our material civilization and every amenity of life depend on the Work of the metallurgist
and on his ability to produce the right metal for each particular purpose.
RIAWHECA NG E N E T ERBT ASEF O THE, WRBTHIEEBPERE Y
HEMPRESN,
) depend BREEA 1 on, ZA] o depend # T4 on, B depend on the work...
depend on his ability. .. ; the right metal ST .
While development of the new metals is proceeding, fresh endeavours are continually
being made to widen the scope of the well known materials. .
EHERAWMERAFN, A TS H TN, U XBEESREE,
B while 3| GARF M4 to widen ... RERIGIBHEE AT, © :
Questions
1. Have early civilizations been designated By the level of their materials development?
* Please give some examples.
2. How many types are the solid materials divided into?
What is the metal?
How many-metals did Greek civilization kngw? what are they? -
Do you know what the first alloy was?

@ e o

What are the characteristics of the semi-metals or metalloids?



Reading Material
Iron and Its Alloys

The earth contains a large number of metals which are useful to man, One of the most

important of these is iron.
Iron is & metal of silvery-whitish colour. Its atomic number is 26, its atomic mass? is

55. 85, and its atomic radius? is 1. 27131. The purest iron that can be obtained at the present
time contains 99, 9993 Fe. Commercial grades contain from 99. 8% to 99. 9% Fe. The melt-
ing point of iron is 1538°C. Iron exists in two allotropic forms®,a and ¥.” Alpha-iron exists at
temperatures below 912C and above 1394°C. In the temperatulre interval from 1394°C to
1538C, a-iron is frequéntly called 8-iron, The critical point (7707C), correspon&ing to the
magnetic transformation, L. e. transition from a fefrbmagnet:ic to a paramagnetic state, is
called the Curis point®. - . -

The ancient name for iron is “star metal,” prohably because the first iron was extracted
from meteorites. Meteorites consist of iron containing about 8 percent of nickle, with a small
amount of cobalt. H1st0r1cally, the largest meteorite, the “Tent”, welghs thirty-four tonnes
and is composed of an alloy of iron, nickle and cobalt®.

Although metal-working was not the first craft known to mankind, our present material
civilization is derived from the knowledge and use of metala®, Ancient man would probably
have described metals as !bright substances which were hard but could bélhammeged into vari-
ous useful shapes. All the metals which they know were heavy-iron, for examle, being near-
ly three times as haavy as granite®. ’

The classification of civilization as the stone age, hronze age and iron age depends prin-
cipally on the kind of tools used. Thousands of years ago men discovered that they could use
copper instend of stone to make their tools. Copper was easier to work with than stone and
was fairly easy to obtain, Perhaps the only trouble with copper was that it was not hard e-
nough for some uses. About 3500B. C., it was found that if tin, anetlpéar fairly soft metal,
was combined with copper, a very hard material was producgtfl@, Tbis-;mlatggi‘gl;wasg the alloy
called bronze, It is much harder than pure copper and much eaalaier to cast in molds. Once
bronze bacame available, stone tools began to go out of date®. The bronze age did not last
long in most civilizations, since the people soon learned how to produee iran which was much
harder than hronze and could ke sharpened to make better tools and swords. .

Copper, tin, zinc, gold, and silver were used long before iron; these metals appeared
near the surface of the earth and were easily accessible to® ancient man. The impruities in
the ore had to be separated from the iron. The process separating one from the other proba-
bly was discovered by accident. The earliest known appearance of iron is a single’ piece con-
tained in the Great Pyramid® (2900 B. C.). Tools made of iron appeased first.in Palestine®
(1350 B.C), where an iron furnace was found.that dates back to about 1200 B. C. Metal ap-
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pears also to have been used in ancient China and India about 2000 B. C. The art of smelting
seems to have developed somewhere between the year 1350 and 1100 B. C. Prior to that ,
iron probably was “meteor” iron. Cast iron seems to have made its appearance in China in
about 200 B. C, ‘

Iron is not fount in the earth as a metal but only in the form of iron ore which consists of
iron and oxygen. Ores that contain iron are magnetite, Fe,0,; hematite, Fe O ; siderite, Fe-
COs;s and limonite, Fe;O, plus water®. Magnetite is about 85 per cent iron and very strongly
magnetic. Hematite is about 50 per cent iron and is capable of being magnetized. Siderite is
about 50 per cent iron, whereas limonite is about 60 per cent iron.

Iron is extracted from iron ore by smelting in a blast furnace. Charges of iron ore, coke
and limestone are mixed in the correct proportions and fed into the blast furnace. The coke
burns to form carbon monoxide, which passes over the iron ore, reducing the iron oxides to
metallic iron. The limestone absorbs impurities from the ore and forms a fluid slag which
floats on the surface of the heavier molten iron. The iron extracted from the blast furnace is
known as pig iron. It contains a number of impurities, including carbon from coke. Tt is very
brittle and difficult to work. Pig iron is converted into steel by removing most but not all of
the impurities. This steel is known as the plain carbon steel, A number of alIOymg elements
can be added to steel in order to make it suitable for specialized applications. This is called
alfoy steel.

Alloy steels are called by the predominating element which has been added®. The more
common elements added to steel are; chromitim, mangnese, molybdenum, nickle, vanadi-
um, tungsten, cobalt, etc.

Tron and its alloys are called ferrous metals. Ferrors metals are dark-gray in colour,
have a high density, a high melting point, relatively high hardness, and many of them a
polymorphous, '

Notes
@ atomic mass E?ﬁﬁ,

@ atomic radius FE-F¥#5&.

@ allotropic forms [ ¥ HMk .,

@ The critical point (770°C), corresponding to the magretic transformation, i, e. transi-
tion from a feri'omagn'étic to a paramagnetic state, is called the Curis péint.

MR F B, Eﬂﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ%%ﬁlﬁﬁﬁ QT0CHR MR .

] corresponding to 4 -+ #HF, MM F, ST 1AL BAEIB . transition {rcm
patamagnetic state 3§ the critical point (770°C) B ALIE . ’
® Historically, the largest meteorite, the “Tent”, weighs thirty-foas tonnes and is com-
posed of an alloy of iron, nickle and cobalt.

B b KR BRR“WE"E L 34 & BASENASHE,

Ajrp R % the largest meteorite, W MBE weights Rl is composed of,

Although metal-working was not the first eraft known to mankind, our present material



civilization is derived from the knowledge and use of metals.

EREBMITTRAREBREMNEFHAR,ER, R H YT CHANRET A 13

SR THRMEH. . .
A although B FikERIEN ], be derived from By i R LRI T oe0 v

@ All the metals which they know were heavy-iron, for example, being nearly three times
as heavy as granite,

HRAMTRRENEBRRE.Am, ENERILERER AN =H.

A which 3|3 E B W), B4 metals; being nearly... 4HREEFEFFSBLET .
About 3500 B.C. , it was found that if tin, another fairly soft metal, was combined with
copper, a very hard material was produced.

R ILHT 3500 AL MR RI, ME S —HELNENERESALGE BER—FEE
iR p

A it RRAEIE, REMFERNY that 5[0 EFNELEEENTPEHE — T if
F R FARRIE A,
out of date iF R,
accessible to BEIRRY, .
Great Pyramid Fo &2,
Palestine EEhHfiH .,

Ores that contain iron are magnetite, Fe,04, hematite;, FeQ; siderite, FeCO,; and

PO e®

limonite, Fe,O, plus water.
FHEHNT AREED Fe,0,; BT FeO, BEH FeCO, ST Fexourﬁ‘mﬁﬂﬂ(ﬁ
B that 3| F B BN,

@ Alloy steels are called by the predominating element which has been added.
SEMBERAPMANEEGSTERDE.
]t which B| 518 WA, B4 element,

Unit 2. Metals and Ferrous Metals

Metals are divided into two general types — ferrous and nonferrous. Ferrous metals are
those which contain iron. Nouferrous metals are those?® which do.not contain jiron. Howev-
er, some nonferrous metals may contain a small amount of ixon as an.impurity.

Steel and cast iron are the most common ferrous metals in'general use. Steel is an alloy
containing chiefly iron, carbon, and certain other elements in vayying amounts. A wide
range of physical properties may be obtained in steel by controlling the amount of carbon and
other alloying elements and by subjecting the steel to various heat. trestments.

Plain carhon steels usually contain; besides iron and carbon, small amaunts of silicon,
sulphur, phospborus, and manganese. Alloy steels are formed by the addition,of one or
more of the following elements: nickel, chromium, molybdenum; vanadium, - tungsten
manganese, silicon, and small amounts of other alloying elements.



Carbon is by far the most important alloying element in steel. It is the amount of carbon
present which largely determines the maximum hardness obtainable, The higher the carbon
content, the higher the tensile strength and the greater the hardness to which the steel may

be heat-treated, ®

1. Carbon Steels
Carbon steels are classified according to the percentage of carbon they contain. They are

referred to as low, medium, and high carbon steels.

Steels with a carbon range of 0. 05 to 0. 25 per cent are called low carbon steels. Steels
in this class are tough, ductile, and easily machined, formed, and welded. Most of them do
not respond to any heat treating process except case hardening,

Medium carbon steels have a carbon range from 0. 25 to 0. 60 per cent. They are strong
and hard but cannot be worked or welded as easily as low carbon steels. Because of their
higher carbon content, they can be heat treated. Successful welding of these steels often re-
quires special electrodes, but even then greater care must be taken to prevent formation of
cracks around the weld area. ® It is used for many standard machine parts. In the school shop
it is used for projects like hammer heads and clamp parts.

Steels with a carbon range of 0. 60 to 1. 7 per cent are classified as high carbon steels.
These steeis respond well to heat treatment. It is used for making small tools or for any item
that must be hardened ‘and tempered.

2. Alloy Steels Cs

Alloy steels have special properties determined by the mixture and the amount of other
metals added. To the metallurgist who works in metal mining and manufacturing, steels
containing very small quantities of elements other than carbon, phosphorus, sulphur, and
silicon are known as alloy steels. Each alloy steel has a personality of its own. A car is made
of about 100 different kinds of alloy steel.

Low-alloy steels are those steels that do not contain more than 5% of.any alloying metal
or in which the total alloy content does not greatly exceed 5%. ;Such steels are used princi-
pally for applications requiring either toughness or great strength, or sometimes for heat or
corrasion resistance. High-alloy steels, which contain more than 10% alloy, are used in ap-
plications where heat or corrosion resistance are the dominant requirements.

Tool-and-die steels are a large group of steels used when eareful heat-treating must he
done. These steels are used for parts such as chisels, hammers, screwdrivers, springs, and
tools 4nd dies used to ent and form metals. ® )

Tool steels with certain alloying eletents are designed for specific uses. The most com-
mon kinds of tool steels include high-speed tool steels, hot work tool steels, cold work tool
steels and special-purpose tool steels,

3. Cast iron . : o

Cast iron is. used for the heavy parts of many machines. Cast iron is low i cost and

wears well. Tt is very brittle, however, and cannot be hammered or formed. It contains 2 to



4 percent carbon. The basic kinds of cast iron are white iron, gray iron, and malleable iron,

White cast iron is the hardest type of cast iron, It is unweldable.

The commonest type of cast iron is gray cast iron, an alloy of iron and carbon containing
about 3% to 3. 5% carbon, and more than 1% silicon. These are large amounts of carbon
and silicon, and in these proportions all the carbon is not taken up by the iron as iron car-
bide. ® A part of this carbon separates out as graphite flakes distributed throughout the cast
tron. These graphite flakes give a characteristically dark appearance to a freshly broken sur-
face of gray cast iron.

Gray cast iron has little ductility, and can sustain high compressive loads.

Nodular iron is a variation of gray cast iron, and has a microscopic structure that over-
comes most of the limitations of gray cast iron. Nodular iron likewise contains graphite, but
the iron is inoculated with a'small amount of magnesium while being poured into the ladle.
As a result the graphite becomes nodular or approximately spherical. The result is a cast iron
with excellent ductility and tensile strength. Nodular iron is a kind of cast iron that is even
better for withstanding shocks, blows, and jerks.

Malleable iron is a particular kind of cast iron, made more malleable by an annealing
procedure. Malleable-iron castings are not so brittle or hard.: They can stand a great deal of
hammering. Many plumbing fixtures are made of malleahle iron.

New Words and Expressions
ferrous /Meras/ a. &#EH, T&H g

(—metal BEER) electrode /i'lektroud/ n. BHIBFE, =g
nonferrous /nan'ferss/ a. LK (-~ crack /krack/ vt. W, F -, vi. B, n.
metal ARER) Y
impurity /im'pjuoriti/ n. 225,824 clamp /'kleemp/ n. S8, 328

cast /kast/ vt §iF; n. HH, H{

sulphur /'salfs/ n. 3

phosphorus /'fosforas/ n. B

manganese /meelga'ni:z/ n. 8

nickel /'nikl/ n. 8

chromivm /'kroumjum/ n. &

molybdenum /mo'libdinem/ n. 4

vanadium /ve'neidjom/ n. 8

tensile /'tensail/ a. LAY, TLIKAY,
A "

tough /taf/ a. E¥ERY . B (-ness)
n, 4. Y .

ductile /'daktail/ =. & ¥E B &5, 7] 8 &Y,

ductility n, B4

weld /weld/ ve. 28,88, n. 8,

temper /tempa/ vt @K n. B k£

harden /'ha:dn/ ' vt, B4R, E K

mining /'moiniy/ n. X0

personality /,po:sa'neliti/ n. 4, A,
Al AY -

penetration /peni'treifon/ n. 3% 555

chisel /'tfizt/ n. ¥%¥,. BT

screwdriver /skru;'draiva/ n. —%F
HE+FIRE

spring /spriy/ n. 3

- die /dai/ o, AHE, WOEE, R

malleable Moisliobl/ . s, W 4R, TFIER
c3: ol . o

graphite /'greéfait/ n. HHB

flake /fleik/ n. WF B8} vhE
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compressive /kam'presiv/ a. JE4EH a small amout of 4B
nadular /'nodjula/ a. &5ERH by far (+EFFABRHRKHER

(—cast iron) BREB &5 A vee e S B e
microscopic /ymaikras'kopik/ a. B be known as  FEBR R, DLerrees EFR

B, ROTLEY » /Y be combined with Leereefb &, Lo A
sphercial /'sferikal/ a. BRIEM .Y be made of [erreer R
be divided into  +eseer 1% 3. RTIEE according to el
a wide range of BAEREM, KEHY be referred to as  ¥R%
subjuct to  3%H,HF be classified as  Hfeeoorn i3 B,

Notes

(D those & that BB R X AR, ferrous metals, LG HB .
@ The -+ KB sthe + HBR and the + HBGRL - Hherr o1, 3 Ao,
@  Successful welding of these steels often requires special electrodes, but even then
greater care must be taken to prevent formation of cracks around the weld area.
KRR R M R RS TR B, B RE SR ATE /D OR3P A B iR g
bR, '
)4 even then BREEXFHN T B3R, A great care must be taken to (+Zhid
RO A A (D |
@ tools and dies. .. metals %] used to cut and form metals J&— it & T IEIE, 1B
tools and dies BIEH,

® ...all...is not — A RER RBEHIH B .
’EJ“F is taken up by the iron as iron carbide [Fj4k{k& RB{Lek.
Questions

1. How many basic groups can metals be devided into?
2. Which elements do plain carbon steels contain?
3. Which alloying elements do alloy steels contain? ,
4. How many kinds are carbon steels classified by the amout of carhon they contain? What
are their main uses?
5. How many kinds of cast irons are there? .

Reading Material

Non-ferrous Metals and Their Alloys

Non-ferrous metals are, by definition, metals other than iron; that are used extensively
in the unalloyed condition, or as the base of alloys®. This group includes aluminium, cop-
per, lead, magnesium, nickel, tin, titanium, and zinc. P

1. Alyminium and Alumdnium alloys

(1) Aluminium (chemical symbol Al) Aluminium is very weak and very ductile, and
melts at 660°C. It is an important engineering metal because it is light (its density is approxi-
mately one-third that of iron) and does not suffer deterioration as a result of® atmospheric
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corrosion, as the oxide film insulates it against continued attack. Its tensile strength is only
about 60 N/mm?, but this can be increased by cold-working. Aluminium has high electrical
and thermal conductivity, and a high coefficent of thermal expansion. It can be polished to
reflect light and heat. It is used mainly as the base of reasonably strong and light alloys.

(2) Aluminium alloys Alloying elements are added to aluminium to produce stronger
materials and to improve its casting properties. Copper, manganese , magnesium, zinc, nick-
el, and silicon are the most important alloying elements used.

Aluminium alloys are classed according to the method whereby they can be manipulated
into? shape, i.e. wrought aluminium alloys and casting aluminium alloys. Within these two
groups, alloys are further classified according to whether they respond to heat-treatment of
the strengthening type.

Wrought zlloys of the 'non heat-treatable’ type can be made stronger as a result of work
hardening.

Aluminium alloys of the heat-treatable type can be hardened by a process that is two-
part. The first part, called solution-treatment, consists of heating the alloy to a temperature
of about 490°C, and then quenching it in water or oil. Immediately after this treatment, the
alloy will be very soft and ductile, and be cold-worked with case.

The second part depends upon the composition of the alloy. Some alloys will start to be-
come harder and stronger a few hours after the quenching, and reach their maximum
strength after about three days standing at room temperature. This process is called age-
hardening. ©

Casting aluminium alloys contain rather large quantities of silicon or magnesium, to
praduce a lower melting-point alloy.

2. Copper and Copper alloys

(1) Copper (chemical symbol Cu) Copper is very weak and ductile, and melts at
1083°C. It has a high thermal and electrical conductivity, and & good resistance to corrosion.
Copper has a tensile strength of about 180 N/mm?, and an elongation of about 50%. Cold-
working increases its strength but reduces its ductility. The ductility can be increased at the
expense of hardness and strength by annealing : a range of so-called 'temper’ can ha produced
by controlling the extent of working after annealing, Copper and its alloys can easily be
joined by solder.ing, brazing, and welding; and are used extensively in-engineering, in sf;ite
of the high cost of copper.

(2) Copper alloys . : .

1) Brasses. Zinc is alloyed with copper to form a range of alloys called; brasses. The
properties of brass vary considerahly with the zinc content. It will be seen that.she ductility
is a maximum when the zinc content is 30%, and falls sharply with further increases in the
zinc content. The melting-point is lowered by increases in the zinc content. Brasses with less
than about 37% zinc are suitable for cold-working, and those with between about 37% and

45% zinc are suitable for hot-working and casting,.



