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Principles of Metallurgy
INTRODUCTION - '- — S

Metals make up a major part of the elements in the periodic table. Metals are divided irito ferrous
and non- ferrous. The ferrous -metals group includes Fe, Mn, Cr and their alloys. All the rest are non-
ferrous metals. Non-ferrous metals are of four types. (1) Heavy raetals such as Cu, Pb, Sn and Ni. (2)
Light metals such as Al, Mg, Ca, K and Na and often Ba, Be, Li and other alkaline earth metals are
also included in- this group. (3) Noble or precious metals such as Pt, Ir, Os, Pd, Ru, Rh and Ag. (4)
Rare metals. (a) High melting metals such as tungsten, molybdenum, vanadium, tantalum, titanium,
zirconium and niobium. Occasionally cobalt is also included in the group. (b) Light metals such as
strontium, scandium, calciuin, rubidium and others. (c) Scattered metals such as germanium, gallium,
thallium, indium and rhenium. (d) Rare earth metals such as lanthanum, yuterium, -hafnium, cerium,
scandium and others, (e) Radioactive metals such as thorium, radium, actinium, polonium, uranium and

the transuranium elements. The so called small metals-(Sb, Hg and Bi) are often separated from the rare
metals into » separate greup.

- =

Metals in the solid state are crystalline substances, whose atoms- are arranged in a definitc pattern
and form a crystal lattice. The structure of a metal depends on the shape and respective location of the
erystals in the crystal lattice: In metals, allotropic transformations often occur and a mctal can have various
crystal forms, depending on the conditions during crystallisation and cooling of the solid (polymerisation).
Thermal treatment of metals such as annealing and tempering is based on their capability to undergo
polymorphic transformation. The structure of a metal depends on the shape, size and respective lccation
of the czystals in it. . = - . : _
~ Crystals (o—Fe, Cr, V, Mo, W, K and Na) have a body centred cubic structure with @ co-ordination
nuraber of 8.-Crystals of ¥-Fz, Ni, Co, Cu, Al, Au, Caetc have face centred cubic crystals with a co-

oordination number of 12. Metals like Zn, Mg, Cd, Ti etc. have 2 nexagonal form, with the densest packing
and a co-ordination nuraber of 12 . §

- CHARACTERISTICS OF METALS

109 elements ate known at present. Oxygen is the most abundant element in the earth crust.
.About 80% of the known elements: are metals, with the following important characteristics. -

IS -\ W 1/ metals, except mercury (which is liguid) are solids at room temperature.
' (b) - They exhibit brilliant Fgdallic-tzstre—whenfreshly-sut-ar. polished_Some _non-metals, like

_ graphite, diamond, iodine also have lustre. _ o _ ; -
(c) They are malleable as well as ductile. Malieability is the property of metals to bé fabricated
into sheets or foils, while ductility is the property of metals to be drawn into wires. These
properties are related to the fact that the outer or valence electrons of metal atoms are loosely
held and they can be easily remaved or ionised. It is also'easy to remove or ionise a valency
electron from.a metal atom than from a non metal atom. '
(d) They are usually hard, except alkali metals, which are saft enough to be cut with.a knife.
e ———{€)-— They_ALE_VEIY. good conductors of heat and electricity. ‘
- (f) Metals.possess.high electrical and thermal-conductivities—The- electrical_conductivity of metals
: is even greater than that of electrolytes. re D T
(g) Normally metals possess relatively high densities, except a few meals, such as Li, Na, K, efc. .
which-are exceptionally light. ' ) ‘

_ (h) Metals have a tendency to lose.electrons, thereby acquiring the positive charge. Suck “elements

have low ionisation potential as well as low electronegativity and electron affinity.

" -*" Energy is always tequired to remove one or more eléctrons from a neutral atom. Lesses the energy
reqired for a metal atom to lose its valency electrons, the more reactive.the metal will be and the
‘more metallic character it will have. Because energy needed for removing the valence electrons from
a metdl atom varies considerably, the chemical ‘reactivity of the metals also varies greatly. For example,
sodium reacts very rapidly and violently with water, while copper and nickel do not react with water. '

. * (i) Because of their tendency 1o lose electrons, they are good reducing agents.

—————
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SLAGS AND FLUXES

Metals and non-metals and some ather components constitute what i known as slag. According to
their chemical properties, these oxides may-be clussified into three g;('ouops
{a) Basic Oxides, such as 'CaO, Mg0, FeO, MnO, N,0 and K;O.
(b) Acidic Oxides, such as SiO,, P;0;, 13%: \go‘s) u:l-c
(c) Amphoteric Oxides, such as ALO;. V3, Lntly elc. - N ,
ial i is- removed by adding another chemical substance, called flux. A
substa.::;: i:il:lit:lc :?aﬁﬁﬁilﬁ? ttl:‘: :ar: lse or matri:{ into fusible mass is called flux. '!‘he fusible mass
is -known as slag. The flux reacts with gangue to form slag, which is generally obtained as an upper
liquid layer over molten metal.in the furnace. - -
Flux + Gangue or Matrix — Slag
Fluxes are generally of two types. - '
(a) Acidic Fluxes - When the ore is associated with basic impurities such as-FeO, Ca0, MgO etc,
2 suitable acid flux such as 8i0,, Py0; etc. is used. For example, in the extraction of copper, the ferrous
oxide (FeO), 2 basic impurity i removed by esing silica. (Si0y) as the acid flax.
o FeO + Si0;— FeSiO; (Ferrous silicaie)
‘ (Gangue) (Fx) (Slag) .
" Similarly, lime may be removed with silica (acidic flux). -
, Ca0 + S§i0y —. CaSiOy (Calcium silicatc) _ |
(Gangue)  (Fhwx) (Shg) . :
(b) Basic Fluxes - If the ore is assoriated with acidic: impurities such as SiO;,, P;0s5 elc., then the
fux used muost be basic (e.g. CaO, MgO etc) ' :

SiO;+ CaO— CiSIO, (Calcium silicate) '
(Gungue)  (flax - D &
- SiO+ MgO - MgSiO; (Magnesium silicage)
(Gangue} ~ (Flux) . (Slag)

The fusible mass, known as slag Is removed and used in road r-naking ‘as well as in the
manufacture of cement and fertilizers. Thomas siag iy caléium pho;phate, Ca, (POY); . ’

METALS AND METALLIC CHARACTER

Metals have a téndency to_lose electrons réa_dli[y and tend to f()i"m positive iéns‘-such as
Na*, Mg, AP* etc, when they react with. non-metals. We can associate metalli

energy. Metallic character should decrease as we move across. the periodic ta :
down. The elements we commonly. con.sider(to be metals are : (a) All the elements in Groups IA
and IIA. (b) The heavier elements in IIT ‘A (A}, Ga, In, TI) IVA (Sn, Pb), and VA ( ik (c).All the
-!-r-a-:isition-e]e:nentS*-GB--r-*sub‘group“s’}:‘deﬁll"lﬁé"Fﬁﬂi" aﬁxﬂ_'éf;&i‘il?.ac inides. A i, (LAl
NON METALS ' LA

as n ls, the so called noble gases are unique_in. two.important
- respects:-(a)- Atoms-of-these elemienty have fig ‘tendency to combine i;itﬁna—neqﬁnathergll :ro these
gases (He, Ne, Ar, Kr, Xe, Rn) are monoatomi f the
“in the gaseous state (e.g Oz, Ny, Py, S,, Fy, Cly, Br,, I; ). ‘(b) Atoms
tendency to react with atoms of other elements, A few Xe and have Y
prepared, but no.compound of He, Ne and. Ar sre known, Both of these chai:'aétel}-l':sti:::?eorelt::g
to the unusual stability of the electronic configurati [ ' '

METALLOIDS -

: Located along a:diagonal line in the periodic table.are several elémems (B in . . b
IV A, As-and Sb in VA, Te in VI A) that are known as metalloids, becau(sl: ’3,:;1 ‘ﬁ' vil ;;dp eC;! 2

B
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All the metals originally come from the nataral deposits i fhe earth’s c@::;n gfd;.f} c;ges 1
ores. Earth’s crust refers to the outer silicaous ghell of our globe ~ f‘;'s_ 3 8 il

thick (earth diameter is- 8000 miles). Rocks of earth crust -ar;: ¢ df’set ﬁt;ﬁ;eg af ‘
metamorphic and sedimentary rocks: Igaeons rocks are protiably the }i? a:_en.ﬂ_u . .
- mimee - —-allterrestrial-matter;—so-the-composition—of-¢arth’s—crust-as~a wiiole Wi ““‘. b YRRy

different from the composition of the igneous rocks.

T

| Average analysis of igneous rocks

Oxygen 46.59 . Nickel 0,020 Arsenic 0.000,n
Silicon27.72 - Vanadium 0.017 1‘!4‘0.000.;1

Aluminum 8.13 Copper 0.010 - _ Annnl.op-y.Q.QOO,lin _
Iren5.01 . Uranium 0.008 - Cadmium 0.000,0n - i}
Calcium 3.63 " Tungsten 0,005 . . - Mereury 0.000,0n - :
Sodium 2.85 : - Zinc 0.004 . - Silver 0.000,00n

Potassium 2.60 = . . Lead(.002 o . Platipuin 0,000,000.10
Magnésium 2.09 ‘Thorium 0.002.  Gold 0:000,000n ;
Titaniuny 0.63 Cobalt ¢.001 . - Iridium 0.000,000,0a
Manganese 0.10 -~ Beryllium 0.001 Palladium 0.000,600,60n -
Zirconium 0,026 * - Molybdenum 0:000n - -~ Radtum 0.000,000,000n

‘Letter ‘n* used in some of the vilues indicates the position of the, first significant ligure
‘and that its exact value is unknown. - : B )

- The mining of metal bearing ores may be' done by open pit or undergrovnd methods.
There are fundamentally two types of mining. (1) Selective mining - In which relatively
small veins or beds are removed in the form of high-grade-ore. - : .
. .(2).Bulk mining - In which large quantities- of low:grade ore .are.mined-withont attempt - -
to segregate the high-grade portions. - - - ' £y

Metals It is defined as “an elementary substance whose hydroxide or oxide hds basic

rather than acid properties. This definition does not take into account the other and more

valuable properiies associated with metals. Metuls have definite and characteristics
properties — they are hard, strong, tough, lustrous, crystalline, have high M.P. and B.P, - :
aaani o —-high---density,—“:hi'gh—'conducﬁvity"'lﬁ ‘"h'e'al.”a?’n;d"”él‘ﬁfifi_(:'il?;"‘ﬁﬁﬁly —positive chm‘ge'_"‘“‘ - s
electrolysis, are malleable and ductile; - _ _ - '

Ore — Naturally ocourring mineral or‘combination of minerals and gangne-ﬁ'om.which
‘one or more metals can be extracted economically (at a profit) .

Ore Minerals - Minerals are- constituents of rocks. Naturally 6¢cun-ing hemogeneous
inorganic substance o:f'_ definite chemical composition and Wilks cortiin charsetscivtic
physical properties. Ore minerals are those minerals that contain the valuable matels in an
ore. b g : ; : - ' - _ ;
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Gangue Minerals — Tlie valuless minerals found in ores are the gangue minerals.
Example- lead zinc ore may contain the minerals galena (Pbs), sphalerite (ZnS), pytiie
(FeS2) siderite (FeC0)s) and quartz (Si02) o

Here galena and sphalerite are ore minerals and pyrite, siderite and quartz are the gangue
minerals. - Cags TEE e : '

Remember- All ores are minerals but all minerals not ore, i
'For example — clay is the most common compound of Al, but has never been faound
possiblz to use it commercially as an ore of Al '

. Criteria for the minerals to be an ore:

1) Percentage of the valuable metal(s) ' -

(ii) Form in which the metals occurs (native, oxide, sulphide eic.} .
When copper occurs as a native metal in rocks (Michigan deposits), it can be sasily
recoverzd by smelting with a snitable flux, relutively puee Cu is obtained easily, quickly
. and cheaply, making the ireatinent economical sven for low-grade ores. On the other
liand, the Montana deposits are richer in Cu but require a complicated und expensive
process because copper occurs with iron as sulphids and are also associated with minerals
containing As, Sb, Au, and Ag. : i -

(151} Naiure of Impurities (gargne) - ¥ by e 5 _

Although an cre may contain an appreciuble percentage of valiable metal it may be
associated with others which are difficult or expensive to remove or are not removed and.
. impart undesirable properties to the metal. o S y . &
There was a fairly large. and very high-grade deposit of silver ore in South America. The
silver was combined with sulphur and therefore not. amenable to amalgamation and was -
also associated with antimony which  rendered its  treatment by .cynidation oz
unprofitable. For yeas the deposit lay. unutilized (until froth floatation process was .
developed). - . K, LR R R o p s '

(iv) Physical condition of the ore. (moisture, clay etc). .

1t directily affects the workability and processing cost.

' (v) Location and hature' of deposit. : o o .
Utah (U.S.A.) huge deposits of ore with 0.9 % Cu. Improved technology and efficiency
‘of the process by Utah copper Co. have made the treatment of such a low grade ore very
profitable. ' -

P ——

- "On the other hand, a Sopper deposit containing well over 3 % Cu was found in Central e

America.Exploitation of this rich deposit was not regarded as a profitable venture since.
(2) The deposit was small and erratic. . @ _ - b ; :

(b) Heavy rainfall was rendered construction work difficult and expensive.

(¢) No railroad connecting this dist;-ict with sea coast. '

CLASSIFICATION OF ORES

Ore are classified in several ways.

(i) Based on workability: . - _

(a) Straight or simple ores: contain in only one kind of metal. ,

(b) Free-milling ores: Ores of Ag or Au from which considerable percentage of the
valuable metal can be extracted by the simple process of crushing and amalgamation.
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' : ace — reduction in
2. Lowering the production cost of metals when recgvered from fﬂrﬂd:[: _ﬁ; eduifwlurtles
flux and bulk of slag, energy, requirement size of furnace etc. ore dressing ‘

. comminution and classification (concesntration) LR _
Commr?;nljfion: nPigéesIs of Iiberali(bn. minsral grains from gangue m‘n.ner?%l.ly ,l:‘.‘___c_:a._ﬂe-d
comminution. Machenaries are used to reduce sizeof ‘ores and iﬁiﬁe‘r‘ﬁft ?Z‘he {?chn{c‘:{ue‘hm
known as crushing, grinding and size reduction. C_‘r'ushing and .gnnd'l_ng igl::ex':.=.i:.=:.-tI e
mineral particles and screening put in the condition best suited for a particular

concentration process. Common machines employed for this piaposs A crushers

grinders and screens i . : : . of mineral
Classification (concentration) - It refers to melhods of separating ‘mixtures-ot ‘};i“‘" =
into two or more products on the basis of difference in various properties of minerals.

* Hand picking uses difference in éolor and luster.
Gravity method uses difference in de nsities.
Froth fiotation method uses difference in surface properties. .
" Magnetic separation method uses difference in magnetic propesties.

it ol L e

METALLURGY v PPy = g
- Metallurgy may be defined as the art-and science of extracting metals economically from
their ores or concentrates and adopting thers metals to human utilization. Thus the field
of metz2llurgy may be divided into two parts. : .
1. Chemical metallurgy . deuls with the ‘melting and refining of metals and.known as
. extractive metallurgy LS . ‘ . g ';'- 5
2. Physical metallurgy deals with physical and chemical behavior of metals diring
different operation and known as adaptive metzllurgy. It includes heat treatment
- methods; mechanical working, physical testing ste. - A .

'E&h‘@.cli_\{e__met;gl___lm‘:gy.is"c.qmm;qué.diﬂ:ided,into-fulj‘owing,ﬁelgs. ‘ . .

" 1. Pyrometallurgy (fire metallugy) — deals with chemicals. reaction at high
temperatures. Furnaces are used for this purpose. All iron and steel, copper, tin,
nickle, Zine, gold and many metals are won from their ores and concenfrates by these .
methods. Fe, Cu, Pb, Zn, Agand Sn. ‘ N o : "

2. Hydrometallurgy deals with bleaching cf ores and concentrates .with aqueous
solution to dissolve and recover valuable metals by ulecﬁ‘olysis Cu, Al, Ag, Au Zn.are

‘---recovered-by,it-: e W A o TR R # e e WS G e e s =

3. 'Electrometallurgy deals with metallurgical operations that require electric current -
for the chemical reduction. . 4. ' ;

. Al, Mg, N3, Ca, K are recoversd by it.

FURNACES:

Shaft furnaces: Shaft furnaces are vertical ﬁuﬁz{ces lwith'the char 3-31.1[8 ' o)
- Jurpac : . -entering at the to
~and discharging at the bottom. Air (or other gas) is blown near the bgttom oft{%e shaft anﬂ
passes upward .through the descending chargs. The solid chérge must conéist of coarse
material. The pieces should be large enough so that they will pot be blown -out by the

escaping waste gases. The chemical reaction takes place betyye i
and the solid material of the charge. If fue] is used in a shaft ﬁn‘;:cih ;: ?sou‘zﬁlga:dﬁl:;aansl
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a part of the charge- coke iy one of the commonest fuels. The charge may be melted so
that the liquid form and collect in the crucible at the bottom of shaft, or it may rémain in

the form of solid lumps and be removed in tais form.
The charge fills the furnace completely and as it slowly descends, new material is added

at the top; the charge must be open so thai the uprising gases can pass freely through all

parts of it.
Usually the hottest part of the furnaces is near the bottom of the shaft and sensﬂ)[e heat in

the uprising gas is absorbed by the cold charge in upper portion; for th:s reason the shaft
furnace has high thermal efficiency.

" The iron blast furniace is the most important example of a shaft furnace.

Reverberatory furnaces: R‘everberatory furnaces are mace in many sizes and are
employed in a large number of metallurgical process - two of the most important types
are the open hearth steel furnaces and the large reverberatories employed in. copper
smelting. The reverberatory is essentially a smelting fumace; it consists of a shallow -
hearth upon which the charge rests, sidewalls and-endwalls and a roof or arch. The
furnaces are usually rectangular and are fired by means of burners set in_the end wall.
Long flame fuel is used on the hearth. The roof of reverber ratory is exposed to the full
radlahon from the'flame and erosion from the dusts’carried i in the hot gases. .,
There is little or no reaction between the fuel or products of combustion and the charge

on hearth, the only function of the fuel is to provide heat which is radxated to the cold - .

charge below. In shaft furnaces, on the other hand, the combustion gases usually reac:t"
with the materials in the charge. Waste gases leave the furnace at very high tampex ature,
hence the- reverberatory furnace has a low thermal eﬁic:ency

Muf7le Furnaces: It i is aﬁlrnace in wh ch the charge must be kept separate from the fu
-and-combustion-gases ~-the- ‘charge may-oe ‘held in muffle, crucible, - vetort, or the othker
enclosure which is enveloped by the hot flame gases, and the heat must reach the charge
by flowing through the walls of the con!amer This results in IOWer thermal efficiency.

Hearth furnaces: Fm‘na»es like the multlple hearth” roastmg furnace - and rotmy kilng -
operate on the same basis &s the reverberatory furnace although they do not resemble it.

The charge rests on the hearth or kiln wal] and 1s heated by hot gases gassmg over 1t

Electric Iurnaccs. Electric heat may be prowded by resistance or by radzanon from an
electric arc. ‘The resistance used may be a metal wire, silicon carbide, or the charge 1tsel£
In arc furnaces the arc ig usually struck above the charge.

These furnaces differ from fuel furnaces in that they require no fuel snpply nor do they
need flues, stacks and other devices to handle: the products of combustion. There is no
standard type of electric furnace, however, shaft furnaces, reverberatories, muffles,
retorts, etc. can all be heated by electrical means as well as by fuel
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There are three major.steps involved in extractive metalhirgy. : '
i- Preliminary treatment (comminution 2nd concentration) A B

2. Smelting or reduction .

3. Refining or purification. : : | '
Palletizing and ‘Bricking: For some operations the finely divided concentrate is not
suitabl\e and the particles must be agglomeraled: One such method is bricking or
mechanically’ compressing the powder in small-briquettes. Other methed is palletizing in
which finely divided material is rolled in a drum so that, particles cling together and roli
up into spherical pellet. Material from palletizer is screened to separate and recycle small

size. As abinding agent water is common. Sometimes-solid reagent or reducing agent is
wixed with mineral powder. b : |

-

Drying and Calcining - Drying means removal of water or moisture ffom concenfrate
ore flux or other solids. It refers to removal of mechanicdlly held water and not to
chemically combined water: 1t is accomplished by converting.water to vapor by thermal
means. Drying is done in furnace or kiln where wet materiul is brought info contact with
gases or air, Heat is supplicd to dryer (I} to raise the temperature of liquid water (ii) to
supply latent heat o f vaporization . ' ; P e
Calcination is process of heating a material to high temperature but below ‘its fusing
temperaturs to produce chemical decomposition. This originally meant the burning of -
limastone to make quick lime. Toduy ‘it refers to any gort of reaction in which solid is

-

heated to drive off volatile component, chemically combined water efc.
Examples - CaCOs; = CaO 1 CO; +42.4 Keal : . ' ‘
FeCO; =Fe) + C0O; + 19.2 K¢al .
AL 05.3H,0 = AL O; + 3H,0+.56.4 Kcal
Furnace ussd for calcination may be rotary kila similar to those used for drying or
. roasting. s S e b, -

i

v

Roasting ané Sintering:

Roasting may be defined as_.healing of ore or concentrate to an elevated -temp;era'tﬁre ‘in

contact with air or oxygen without fusion or at most incipient fusion. Principal objeets of

most roasting operation is'to oxidize sulfide particles to oxides or sulfates which are

© required for subséqiient operation. (Where Mstands for Metaly ™ * =~ =7~ T 7

2MS + 30, =2MO +2 30, i ' b - L

MS + 20, =MSOs. Y =

MS+ O;=M+S8S0; . " »

Other purposes of roasting are

1. Removal of impuiities by the volatili
As;03, Sby03 ete. - . _ N _

2. Formation of chlorides by roasting in contact with chloridizing agent

3. -Formation ofsulfa_tes by controlling air supplied and temperature in ‘;)ddizing P

4. ;{;i;:chon of certam- meFallnc oxides by hf:atmg In contact with cold or other reducing

s. Alteration of physical condition of material (sintering)

zation ‘of certain oxides .such as SOz,,SC‘)-3,
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- Rousling is carried out in special furnaces and may require external source of heat or may
be autogeneous, depending on exothermic nature of the reaction to provide necessary
~ heat. In all roasting processes the temperaturs must be maintained at 2 high enough level
* lo ignite the sulfides or other oxidisable constituents and to keep.them above 1gmtlon

point.

Four most common methods of roasting are : _ :
(1) Hearth roasting ‘(2) Fluidization roasting (3) Flash or suspension roasting

(4) Blast roasting

~ Sintering is applied to any similar procsss that results in the agglomeration of fine
particles. Smlermg is not'necessarily roasting. It is used to remove last traces of sulfer or
and volatile xmpurrtles The charge may be mixed with coal or other fuel and heated to

high femperature in sintering nachine.

bmcltmg The term bmeltmg is oﬂcn used. to refer any metallm g:cal operation or
combination of operation that produces liquid metal. Smelting is distinct from roasting,
sintering, refining etc. Tt may be defined as, a process of reduction .or concentration
. carried cut at an elevated temperature in a furnace, in which major portion of valuable
'»  constituents of the ore is coilected in the form of fiised metal, matte (sulfide) where as
worthlese ones are removed by the added flux in the form of Itqu:r_ slag. Roasating -and
calcination are usually carried out for the-purpese of obtaining the. metal in another 1_orm '
more suitable for smelting or to cliniinate some impurities which might ln!erfé-re with

smelting process.

e "L ""5-)

Characteristics of smeltmg

1. Material to be smelted is chargecl in solid state-

2. Necessaryheat for gnislting inay be supplied from fuel or electncxty

3. Smelting may be conducted in blast furnace reverberatory or electric furnace.

4. Product of smelting furnace are in liquid state.

: Reductlon smelting: .
Ozxide ores (and calcined carbonate and hydro,qde ores wh:ch contain mestal oxide) are

~ reduced, carbon in.the form of coke bemg most commonly used reducing agent e. g. -
"Zn0 + C = Zn+ CO. -
If a more energetic agent is required, ametal lﬁce Caor Al isused ag areducmg agent.
Cr;0; +241=2Cr+ Al,O3
'Dependmg on the nature of the associated 1mpunt1es a suitable flux. (Slhca or hmestone)
is added which forms an e'\sﬁy fusible slag which being lighter floates on the liquid metal :

or matfte. i
Fe0+.5102-—-Fe SiOs i, R

Ca0 + 8i0; = CaSiO3
CaCOz

Si0; + CAD =CaSiO;

»
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CHAPTER XVII
NON-FERROUS METALS & ALLOYS

On the basis of weight the production of non-ferrous metals
and alloys is very much less than that of the ferrous, Non-ferrous
metals and alloys, however, are several times more expensive than
 the ferrous materials. They find applications because of certain very
valuable properties like good corrosion-resistance, high electrical
conductivity and in some cases, good strength combined with low
specific gravity, |

Some of the non-ferrous metals like aluminium, copper, zinc
and lead are used in large quantities, Other metals like chromium,
molybdenum, nickel, tungsten and vanadium are produced in much
smaller quantities but are valuable alloying metals.

In India due to the abundance of aluminium ores and shortage
of other non-ferrous metals attempts are being made to use alumi-
nium as much as possible in place of other non-ferrous metals.

In some cases a pure metal is required, for example, copper
used as an electric conductor must be very pure. In many cases few
oilier materials, generally metals. are intentionally added to the
metal in order to improve its properties. Such a combination is
called an alloy. An alloy is defined as any combination of c'ements

that results in a substance possessing metallic properties. The
~ structures of alloys are complex. Their properties are significantly
different from those of the constituent elements. For example, lead
is a soft metal. ~Addition of 1 to 29, antimony makes it quite hard.
Wood’s metal is an alloy of Pb, Sn, Bi and Gd. Its melting point,
70.5° C, is much lower than that of any of its constituent metals.

Aluminium

Extraction. Aluminium is more abundant in the earth’s crust
than iron but its production is much less. This is b>:cause rich ores
of aluminium are fewer and chemical activity of aluminium is high
which makes its extraction difficult. The principal ore of al_umini_um
is bauxite, Al;04.2H,0. The chief deposits of bauxite are in Orissa

and Andhra Pradesh, although it is found scattered in various other

arts of India. 574 million tonnes of bauxite deposits have been

roved and about 1450 million tonnes are inferred deposits.
P

Production of eac. tonne of aluminium requires 5 tonnes of
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Non-Ferrous Metals & Alloys / 475
bauxite, 1°5 tonnes of coal, 0.7 tonne of carbon electrodes, 0.2 tonne
of caustic soda, 0.2 tonne of pitch, 0.03 tonne of cryolite and 17,000
KWH of electric power. Cheap electric power and production of
electrodes have been the chief hurdles in increasing the production
of aluminium in India. The aluminium production has remained
fairly constant at about 2 lakh tonnes per annum from the year 1976.

The biggest plant is located at Renukoot (U. P.) with an installed.

capacity of 1,20,000 tonnes. Capacity of ‘the plant at Belgaum
(Maharashtra) is 80,000 tonnes. Other smaller plants are located at
Hirakund (A. P.), Alwaye (Kerala) and Mettur (Tamil Nadu). Of
the new plants the one located at Korba has a capacity of 1,00,000
tonnes. One of the largest plants is being constructed at Koraput
(Orissa) with installed capacity of 2,18,000 tpa. It will have open
cast mine 2 million tonnes per year. Total project is estimated to
cost 2400 crores and is to be completed in the Sixth Plan. Capacities
of some of the existing plants will be increased. Shortage of
_electricity is the main hurdle in the expansion work,

Most of the bauxite deposits contain 40-60%, Al,Oy4, with
‘about 25% water. The chief impurities are silica, iron oxide and
titanium oxide. The ore is thoroughly purified by Bayer process
before extraction, because removal of impurities from the ore is
easier than from the metal. The crushed ore is relieved of water and
organic matter so that it becomes easier to grind. The ore is then
finely ground and digested for 1to 2 hours in a 209, caustic soda
solution at 200 to 2400 under 30-40 kg/cm? pressure. Alumina forms
sodium aluminate and dissolves.

Al;05+2NaOH=2NaAlO, +H,0

The ferric oxide, titanium oxide and most of the silica do not
dissolve and remain behind as mud. Silica forms insoluble sodium
aluminium silicate. In this way each part of silica present in bay-
xite ties up an equivalent weight of each of alumina and soda. This
remains in the red mud. Therefore, if the ore contains more than
5%, silica the Bayer process becomes uneconomical.

o The soluti.or.l is diluted, 'ﬁltered and agitated with freshly pre-
cipitated aluminium hydroxide from a previous operation and in
about 40 hours, sodium aluminate slowly hydrolyses,
aluminium hvdroxide.

NaAlO,+2H,0=Al(OH)g+NaOH

The liquor is evaporated to give concentrated
solution which is again used. The precipitate is was
dried and calcined to give purified alumina,

Precipitating

caustic soda
hed) ﬁltered 3
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Because of the high melting point of alumina it ig dissolved in
a fused mixture of cryolite (AlF3.3NaF) and fluorspar (CaF,) at
940-970°C and electrolysed. The cell for electrolysis is made 'of:
steel plates lined with firebricks covered with carbon blocks which
act as a cathode. There is an opening for the removal of molten |
aluminium from the bottom. Anode consists of blocks of carbon.
Electricity heats the cell as well as electrolyses alumina. See
figure 17.1.

Cryolite and fluorspar are melted by passing electricity and
alumina is added at intervals. It dissolves in the molten bath, The
aluminium fluoride, present in cryolite, ionizes thus :

AlFg=Alt++4-3F~ _

Aluminium is liberated at cathode and is tapped periodically.
Flucrine reacts with alumina at the anode with the result that
oxygen is liberated : '

2Al1,05+ 12F =4AlF 3+ 30,

— +

CARBON ELECTROCZS

STEEL PLATES
‘CARBON LINING

SOLUTION OF Al,0, IN
MOLTEN NayAlF,

IOLTEN ALUMINIUM

Fig. 17.1 Electrolysis cell for the extraction of aluminium.

As electrolysis proceeds the resistance of the cell increases and
is indicated by a lamp placed in parallel which begins to glow, then
more alumina is added. A crust of electrolyte and alumina is
formed at the top and acts as insulator. Oxygen attacks the carbon
anode with the result that the consumption of the anodes is high.

Purity of the metal so obtained is 99.69,. By using vefy pure
alumina and electrodes, up to 99.85%, pure aluminium is obtained.
Generally, the metal is not purified. Only in some cases it is further
purified by electrolysis in a cell having three layers of different
materials. The bottom layer of molten impure aluminium acts as
anode. Above it is the middle layer of fused electrolyte (mixture of
cryolite, aluminium fluoride, barium fluoride and alumina) and its
specific gravity 1s careﬂ.ﬂ!y adjusted. The pure aluminium acts as
+he cathode. On passing electricity aluminium dissolves in the
electrolyte and the purc metal is liberated at the cathode.
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Properties and Uses of Aluminium. Of the common metals
aluminium and magnesium have very low specific gravities (2.7 and
1.7 respectively) as compared to those of zinc (7.2), steel (7.8), bras's
(8.4), copper (8.8) and lead (11.3). Hence the reason for the engi-
neer’s interest in these metals and their alloys is obvious.

Aluminium is ductile and highly malleable; it can be made
into 0.002 mm thick sheets. Itisa good conductor of heat and
electricity. Its electrical conductivity is about 619, that of copper
but due to its low specific gravity an aluminium bar has twice the
conductivity of a copper bar of the same weight and length (due to
its increased cross-section). Its coefficient of expansion is rather high,
twice that of steel. The great disadvantage of aluminium is that it
is mechanically weak, having a tensile strength of about 1,000 kg/sq.
cm which is about one fourth of the strength of mild steel and about

-one tenth that of tool steels. This disadvantage can be overcome by

alloying small amounts of other elements like Cu, Mg, Mn, Fe, Si,
Zn, etc. thus retaining the advantage of low specific gravity, but
adding strength and thereby making these alloys very suitable for
making pistons, cylinders, crank cases, body, etc. for automobiles
and aeroplanes and for use in a number of structures as well.

Pure aluminium has poor machining properties, for example,
it tears badly, hence it is difficult to produce threads on aluminium
parts. Due to the formation of a thin film of oxide on the surface,
it has high resistance to atmospheric corrosion and to concentrated
nitric acid. It has poor resistance to alkalis and common salt solution.
The tendency to form oxide film on the surface easily makes solder-
ing, welding and electro-plating of aluminium difficult. The
corrosion-resistance of aluminium and its alloys can be greatly
improved by anodizing. Anodizing is done by making the article
an anode with a carbon cathode in a dilute sulphuric or chromic
acid bath. The oxygen liberated at the anode forms a thin and
adherent oxide film on the surface which is resistant to corrosion.

Aluminium melts at 6600, therefore the use of aluminium and
its alloys at elevated temperatures is restricted. Use of aluminium in

India is increasing because of the availability of its ore and scarcity
of other non-ferrous metals.

Besides being used for making -alloys, aluminium metal is
rolled, pressed or cast into useful shapes. It isalso used as aluminjum
foil. Extruded aluminium powder is used in making paints and
explosives, in Thermite process of welding and in printing.
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Alloys of Aluminium. Aluminium alloys are of two types:

(1) casting alloys; and (2) wrought alloys. ¢

(1) Casting Aluminium Alloys. In these alloys the chief
alloying elements are copper and silicon. Zinc, magnesium, nickel
and iron may also be present. These elements increase strength and
hardness but reduce ductility. Alloys with copper have good machin-
ing properties and good mechanical strength after ‘heat treatment,
but have high contraction on solidification. When about 129 sili-
con is present in the aluminium alloy the contraction is small and
corrosion-resistance is better. Aluminium-silicon alloys have high
fluidity and are used for casting intricate designs. Ductility of alu-
minium-silicon alloys is increased by adding a trace (0.05%) of
sodium or calcium. <

Aluminium-magnesium alloys have good i)roperties but are -
difficult to cast. Of all the aluminium casting alloys an alloy with
10% magnesium, after heat treatment, has the best combination of
mechanical properties. They have good corrosion-resistance.

(2) Wrought Aluminium Alloys. Aluminium alloys of this
type are more widely used than the cast alloys. Their shapes are
changed by mechanical work which further improves their proper-
ties. They are divided into (a) non heat-treatable alloys; and (b)
heat-treatable wrought alloys. *

(a) Non-heat-treatable wrought aluminium alloys have man-
ganese and magnesium as the chief alloying elements. These alloys
are not so expensive and can be easily formed and welded. They
have low strength but high ductility and corrosion resistance. Their
strength can be increased by cold work. Addition of manganese
(1.5%) increases the strength (from 1,000 kg/cm?2 to 1,700 kg/cm?2).
Magnesium increases the strength as well as resistance to attack by

sea water.
(b) Heat-treatable wrought aluminium alloys can be strengthen-

ed by heat treatment as well as by cold work. They exhibit a
property known as “‘age-hardening”. The process consists of first
heating the alloy to about 5000 when a homogeneous solid solution
;s obtained. It is then rapidly cooled by quenching in water or oil.
Thus the high temperature structure is retained, but this is not a
stable state. The result is that in the course of several days inter-
metallic compounds are precipitated which give hardness and stre-
ngth to the alloy. The latter process, known as aging, can be hasten-
ed by heating the alloy for a shorter period. This mechanism of
hardening gives an engineering advantage. After quenching, the
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alloy is soft and can easily be givea the desired shape which in course
of time hardens. Sometimes, after quenching, the alloy is kept 11
a refrigerator-so as to \elay hardening and later made into the
required shape which gets hardened in course of time.

Duralumin is one of the best known alloys of this group. It
contains about 4%, Cu, 0.5% Mn, 0.5% Mg and small amounts of
Fe and Si. '

After age hardening, its tensile strength (4,000 kg/sq. cm) ap-
proaches that of mild steel whereasits specific gravity is only one
third. Duralumin has been superseded by ‘Super duralumin’, which
has sligktly higher percentages of the alloying clements. This has a
still higher tensile strength (5,000 kgfsq. cm) which is equal to that
of mild steel. Duralumin type alloys have very good mechanical
properties, but their corrosion-resistance is lower ihan that of alumi-
nium. This difficulty is overcome by ‘cladding’. This is done by roll-
ing a thin sheet of aluminium on both the sides of the alloy sheet,
thus forming a protective coating. Due to their strength and low
specific gravity, they are widely used for making various parts of air-
craft and automobiles.

Y-alloy is similar to duralumin but has also about 29, nickel.
It is mostly used as a casting but can be hot worked. It is superior
to duralumin in corrosion-resistance and in mechanical properties
above 2000.

Messrs. Rolls-Royce Ltd. have developed a series of alloys
known as R. R. alioys which have better properties than duralumin.
These have smaller percentages of copper but have some iron and
titanium. A typical, average composition is 29, Cu, 0.19, Ti and
about 19, each of Ni, Mg, Fe and Si, the rest being Al. Some R. R.
alloys have higher strength to weight ratios than other alloys.

Copper

India’s position in respect to copper production is not very
satisfactory. Demand for copper in 1973-74 was about 83,000 tonnes
and it rose to 1,05,000 tonnes by the end of the Fifth Plan. The
Hindustan Copper Corporation is developing the main deposits of
the country, which are at Rekha in Bihar, Khetri in Rajasthan
and Malanjkhand in Madhya Pradesh, as well as minor deposits
found at Dariba and Chandmari (Rajasthan) and Agnigundala
(Andhra Pradesh). The copper smelter at Ghatshila (Bihar) has a
capacity of 25,000 tonnes per annum whereas, due to the shortage of
the ore, the production in 1979-80 was 22,500 tonnes as compared to
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8,400 tonnes in 1971-72. Khetri copper complex is being developed
to produce 31,000 tonnes of copper using ores from Khetri and
Kolihan. It will produce super phosphate fertiliser using sulphuric
acid obtained as a by-product from the oxidation of the sulphide ore.
Known deposits of copper are estimated at about 450 million tonnes
with a total metal content of about 5.6 mt. It is planned to import
concentrated ores and produce copper metal in the country in addi-
tion to importing the metal itself. | '

Extraction. Native copper is found in several parts of the
world but about 90%, of the metal is obtained from sulphide ores.
The principal sulphide ores are chalcocite or copper glance, CugS,
and chalco pyrites, CuFeSg. Of the oxidized copper ores malachite,
CuCOy4.Cu(OH),, and cuprite, CusO, are important. Most of the
ores being worked at present contain less than 29 copper. Before
smelting, the ores are concentrated by the flotation process and the
copper content is raised to about 25%,. Extraction of copper is com-
plicated and consists of the following five steps, principles of which
have been discussed in the chapter on Extraction of Metals : '

1. Concentration of ore by froth flotation.

2. Roasting of ore (to eliminate part of the sulphur).

3. Smelting (to eliminate gangue and to produce matte).

4. Conversion of matte to blister copper.

5. Electrolytic refining of copper.

1. Concentration, The ore is crushed and then powdered in
ball mills and mixed with creosote oil or pine oil and xanthates,
which act as frother and collector, and is finely ground with water,
It is then transferred to a flotation machine into which air is blown.
The oil-coated sulphide particles collect at the top in the froth and
are removed. .

2. Roasting. The object of roasting is to‘oxidize a part of the
sulphur so that the matte produced later contains about 40Y, copper.
The ore is roasted in a verticle furnace in an oxidizing atmosphere.
The ore is charged at the top and is gradually moved down by a
rotating rake. Arsenic and antimony volatalize and part of the iron
sulphide is oxidized to iron oxide. Sulphur dioxide is produced and
used for making sulphuric acid.

3. Smelting. By smelting, slag and matte are produced. Slag
contai.is the gangue. Matte is a molten mixture of sulphides of iron
and copper. It is essentially a simple melting operation. Noble metals
present in traces also go with the matte. Formerly a blast furnace
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W23 used for smelting but as the ores are now obtained in a powdered
state, due to flotation process, they are heated on the sloping bed of
a reverberatory furnace. Some silica is mixed with the ore, if not
already present. Care is taken that copper sulphide is not oxidized
at this stage. Iron oxide forms slag with silica and is removed. The
molten, heavy, sulphide layer is called matte and contains about 40%,

copper. Oxidation to a small extent only takes place according to.
the following reaction : |

2CuFeS,+40, = Cu_S+2Fe0O+3S0O,
FeO +Si0, = FeSiOy

. 4. Converting, The molten matte, with calculated amount of
silica, is transferred to a converter similar to the Bessemer converter
for steel, the essential difference being that in the converter for
copper air is blown from the side and not from -the bottom. This is
necessary because the copper produced is heavier than the matte and
sinks below the tuyeres and escapes oxidation. The converter for
copper is- much larger in size and cold air is blown for several hours.
This is because in the case of copper smelting a much larger amount
of impurities are oxidized. Horizontal converters (shaped like the
common barrels or drums) which are up to 10 m long and 4 m in
diameter are being used to a greater extent than the Bessemer type
converters.

Copper gets separated from iron because of the fact that FeS
is oxidized more easily than Cu,S is. Oxidation of iron sulphide is
a highly exothermic reaction and supplies heat for keeping the
charge in a molten state. On blowing air, iron sulphide is oxidized
and forms slag with silica. Some copper sulphide is also oxidized
which oxidizes the remaining copper sulphide.

2Cu,S+30; =2Cu,0 4280,
Cu,S+2Cu, 0O 6Cu+S0O,

The molten copper sinks below the tuyere level and escapes
oxidation. After the completion of the reactions the slag is poured
out and molten copper is cast into blocks. The escaping sulphur
dioxide from the molten copper gives a blister-like appearance to the
solidified metal, hence it is called blister copper. It is about 999
pure. :
5. Refining. There are two methods of refining copper, fire

refining and electrolytic refining. In fire refining blister copper is
melted on the bed of a reverberatory furnace in an oxidizing atmos-
phere when sulphur and arsenic oxidize and are removed. Baser

31
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metals, like iron, oxidize and a layer of oxide forms on the molten
metal and is removed and the surface of the metal is agam exposed
to oxygen. Some cuprous oxide is formed which, besides the loss of
copper, makes copper weak and brittle. At this stage the molten
metal is covered with charcoal and stirred with poles of green wood
from which reducing gases, like the hydro-carbons, evolve and reduce
cuprous oxide. The metal is then cast into blocks. This gives
commercially pure copper, {99.5%,) and is called ‘tough pitch’
copper.

Since even traces of impurities adversely affect the properties of
copper. the metal obtained by fire re finlng is subjected *o further re-
fining by electrolytic process. Anodes are made of fire refined copper
and thin sheets of pure copper serves as cathodes. These are alternately
suspended in a solution containing about 10% copper sulphate and

20%; sulphuric acid. When electric current is passed, anodes
dissolve and pure copper is deposited at the cathodes. The current
1S SO ad_]usted that the metals baser than copper remain in solution
and the nobler metals deposit under the anodes giving anode mud.
This anode mud contains notle metals like gold and silver. The
concentration of soluble metals like iron, zinc, etc. tend to increase
in the electrolyte and reduce the efficiency of the process. There-
fore, it is desirable to eliminate them as far as possible from blister
copper by fire refining and then to electrolyse for final purification,
The purity of electrolytic copper is 99.96 to 99.99%,.

Properties and Uses of Copper. Next to iron and aluminium,
copper is the most widely used metal. Iis wide applications are due

to several important engineering properties. Its electrial and ther-
mal conductivities are next to silver. The electrical conductivity
falls even if traces of impurities are present. For example, 0.19 of
phosphorus {or 0.5%, of arsenic) reduce its electrical conductivity to
to about 509,. Copper has high thermal conductivity whick also
falls with alloying. Another reason for its wide use is that copper
has resistance to atmospheric corrosion because of the formation of a
uniform layer of oxide on the surface of the metal. Itis resistant
to most acids and alkalis except strong mineral acids and ammeonia,
Copper has good mechanical properties. The cast metal has a
tensile strength of about 1,600 kg/cm® which increases to 2,400 kg/

cm? on hot working and the strength becomes three times as great
when the section is reduced to 90% by cold work. Copper also has

good malleability and formability which makes fabrication easy, It
can be easily welded and soldered. Melting point of copper is quite
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alph'a Phase, hence beia brasses cannot be cold worked té any ap-
f:f(‘izlrab[ie €xtent. Its softening begins at 470° and at 8007 it becomes
suitablte ?:rt}fll:ta&%l:‘:.phase. Consequently, the beta brasses are more
700, Amongo the alpha l.arasses the most widely used is 70/80 brass
(70% Cu, ?0 Yo Zn). This is also called cartridge brass. It has a very
good combination of ductility and strength. It can be easily rolled
pressed and spun and is usad for making cartridge cases, condenser;
and other shapes by drawing or stamping. In highly worked alpha
brasses some internal stresses are produced due to which they sud-
‘denly crack in service. This is known as ‘season cracking’ and the
defect can be removed by heating around 300 for about half an hour
when the stresses are removed without loss of strength or hardness.

60/40 brass (60%, Cu and 40%, Zn) is known as muntz metal
-and contains varying proportions of alpha and beta phases depend-
ing upon the rate of cooling from the liquid state. It is harder and
stronger than cartridge brass and has to be hot worked.

" The properties of the brasses, especially corrosion-resistance,
can be improved by the addition of about 19, tin. Addition of 1%,
tin to 70/30 brass gives admiralty brass, which is resistant to sea water
corrosion. . Similarly 1%, tin in 60/40 brass gives naval brass which is
used for marine and engineering castings. Addition of up to 3% of
lead to 60/40 brass improves its machining property and is known as
leaded brass.” Tt is used for hot stamping and for hot extrusion into
rods. On these rods threads are cut on lathes to make screws, nuts,
etc. When in a brass a part of th.e zinc is replaced by nickel the
resulting alloy is known as ‘rickel stlver’ or- ‘Germfm stlper’. It has
very good mechanical properties and corrosion-resistance. Because
of its white colour and moderate cost nickel .311ver has found wide
household utensils. This use is now being replaced

use in making
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Extraction. Lead metal has been in use since the early days
becaPse it can be easily produced from the ore and it hasa low
;Itxe;;;;}goff‘ir::.a It is almost exclusively extracted from galena, PbS.

8 carbonate and sulphate,

. Leud and zinc ores are mined from the Zawar Mines, Udaipur
Dist., Rajasthan, The total reserves of lead-zinc ores are estimated
at 350 mt. About 5,000 tonnes of lead ore concentrates and about
3,000 tonnes of lead are produced annually in India.

Galena is almost always associated with zinc sulphide, there-
fore, the powdered ore is concentrated by differential flotation, as
explained in the chapter on Extraction of Metals. The concentrated
ore is then roasted in air when the sulphide is oxidized to oxide and
partly to sulphate. Arsenic and antimony oxide volatalize but iron
and copper oxides remain behind, The oxides mixed with coke are
smelted in a blast furnace when crude lead is obtained. The crude
metal is heated. in a reverberatory furnace in an oxidizing atmos-
phere when some of the impurities oxidize and the oxide layer
floating above the molten metal is skiinmed off. - This process is
known as softening of lead. Lead so obtained contains traces of
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nd gold which are removed by Parkes’s
that the noble metals are more

soluble in molten zinc than in molten lead. The metal is fimeltec:
and zinc is added and mixed. Zinc carrying noble metal; o.ats a.s
the top and solidifies. The solid metal is removed, a!ll dzxnI:c:h '
distilled leaving behind the noble metals. If necessa.ry, ead whi
forms the lower layer is further purified by electrolytic process

Properties and Uses. Lead metal is used because of its corrosion-
resistance, malleability, plasticity and high density- It. has very
poor ductility due to which it cannot be drawn into thlt’l wires. Due
to high malleability, it can be rolled into sheets and foils. Le_ad hzas :
good casting properties. It has low tensile strength (100 kg/cm®).
Due to its low melting-point (328M, it cannot be used at elevated
temperatures. On exposure to air a thin layer of oxide is formed on
the surface which protects the metal underneath.

precious metals like silver a
process. It depends on the fact

Nearly one third of the lead produced is used in storage
batt :.;.s. Other principal uses are cable-sheathing, alloys for
bearings solder and type metals, chemicals and pigments, tetra ethyl
lead and building materials.

Alloys of Lead. As pure lead does not have good mechanical pro-
perties, it is mostly used after adding some alloying elements. These
add hardness and strength to the metal and also lower the melting
point. Most of the lead alloys contain antimony. The alloys are of
two lypes, the high-lcad alloys and low-lead alloys.

Grid Metal. The largest single use of lead is in making grid
metal which is used in storage batteries. It contains about 10%
antimony and less than 1%, of tin and traces of arsenic and copper.
These elements improve hardness and casting properties. The alloy
is cast into perferated plates or grids for storage batteries.

Quantitatively next in uinportance comes cable-sheathing metal.
It has a smaller amount of antimony than the grid metal. It has 95
to 989 lead and 5 to 2%, antimony. Much smaller amounts of other
metals are also incorporated in the alloy.

Solders. For joining two metals an alloy whose melting point
is lower than the melting points of the wmetals to be joined is used.
The process is known as soldering or brazing. The distinction between
these tWO is not sharp. When the alloy used has lower m. p- the
ocess 1 known as soldering and with a high m. p. alloy the same

r
d s called brazing. In welding the metal being joined is

process 1
melted.
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The most common solders are tinman’s solder (2 parts Sn and 1
part Pb) and plumber’s solder (1 part Sn and 2 parts Pb). Tinman’s
solder contains almost an eutectic mixture and melts at 1809 and is
very convenient for ordinary joining of metals. The plumber’s'solder
begins to solidify at 2400 and passing through a pasty stage solidifies
at 1800. This range of solidification enables the plumber to make his
‘wiped’ joint,

In brazirg alloys of copper and zinc are used. These alloys
have higher melting points and theijoint has better mechanical pro-
perties.

Type metal should certainly be low melting but more important
requirements are strength and hardness, ability to cast well and make
good impressions. These are attained by adding antimony and tin
to lead (12%, 3% and 859%,). Antimony not only contributes to
streng;h and hardness but, as it expands on cooling, it fills the mould
and an accurate shape is obtained. Here, mention may be made
of lead shots which contain 19/ arsenic. Lead shots for long range
use need to be hard, and therefore contain 2 to 6 per cent of
antimony. _

Bearing Metals have still different requirements. These alloys
have two constituents one of which is hard and resists wear, but is
not so hard as to cause wear of the journal. Its particles are embedd-
ed in a soft matrix. The hard particles support the load but the soft
matrix provides plasticity and ductility and thus enables the harder
particles to adjust themselves to the differing surface requirements.
This latter property becomes necessary as it is very difficult in actual
practice to make perfect alignment of a journal and a bearing. The
mnost important group of alloys for the purpose are known as Babbit
metals. These contain tin, antimony, copper and also lead. The com-
positions of these alloys differ widely. They include alloys with 20%,
or more tin without lead, to 5%, tin with 80% lead. A composition
commonly used contains 91%, Sn, 4.5%, Sb and 4.5%,Cu.

Tin being expensive, cheaper substitute of Babbit metals have
been made, ¢. g. using about 65%, Cu, 309, Pb and '5%,Sn. These
have a structure. opposite to that of a Rabbit metal, i. e. there is a soft
constituent in hard matrix. These alloys; known as leaded bronzes,
are inferior as they are not so plastic and do not adjust so well to

the load.
Magnesium

Extraction. ;\'Iagneﬁium is obrained either by electrolysis of
fueed magnesiuni chloride or by reduction of the oxide by carbon at
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high temperatures.

Magnesia, MgO, is mixed with carbon and heated in a curfe.nt
of chlorine when magnesium chloride is produced. Large quantities
of it are being obtained from sea water. Sea water is treated wnfh
slaked lime when magnesium hydroxide is precipitated which is dis-
solved in hydrochloric acid and the solution is concentrated. Mag-
nesium chloride, mixed with sodium chloride and potassium chloride,
is electrolysed at 70° in a cell using a graphite anode and steel
cathode. Chlorine is liberated at the anode and is used to produce
hydrochloric acid. Magnesium collects at the cathode under the
surface of a thin layer of electrolyte and is periodically removed.

Another method of production is by the reduction of magne-
sium oxide by carbon at 2,000°. Magnesium ‘volatalizes and is im-
mediately cooled so that it may not oxidize. The metal is purified
by distillation in vacuum.

Alloys of Maguesium. Of all the metallic materials used by the
engineers, magnesium (sp. gr. 1.74} is the lightest and its alloys, which
have good engineering properties, also have low specific gravity (1.8).
- Although on a weight basis, it has good mechanical properties, it is
not used in the pure condition for engineering purposes, because on
alloying, its properties are greatly improved without losing the
advantage of lightness. Importance of low. specific gravity in engi-
neering uses is so obvious that it need not be emphasised.

After heat treatment and mechanical working the strength of
magnesium alloys may be as high as 3000 kg/cm2, Thus their
strength-weight ratio is far superior to that of steel and is better than
even duralumin. A great engineering drawback of magnesium
alloys islow modulus of elasticity. They, also do not have good
high temperature properties. Their corrosion-resistance to acids
and to salt water is poor, hence they do not give satisfactory service
near a sea coast unless protective  coatings are used. Just like dura-
lumin they can be cast or wrought and also heat treated. Machining
properties are also good.

The chief use of magnesium alloys lies where a saving in weight
is required. Hence, they are widely used in aircraft construction for
crank cases, undercarriage parts, wheels, housings, engine parts
interior fittings, etc,

Dow metal (619, Al, 3% Zn and 0.5%, Mn with Mg) is a
widely used alloy of magnesium. After heating to 250" it is quenched
in air and then age-hardened.
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Nickel

Extraction, Properties and Uses. Nickel is commonly extracted
from sulphide ores which also contain sulphides of iron and copper.
The roasted ore is smelted when matte containing sulphides of nickel,
iron and copper is produced. On Bessemerization iron is removed.
The molten matte is also used for giving a mixture of metallic copper
and nickel which are used for making some alloys. The matte con-
taining sulphides of copper and nickel is heated with sodium
sulphate and coke whea sodium sulphide is produced which dissolves
copper sulphide and floats on the nickel sulphide la,er. Nickel
sulphide is roasted to give the oxide which is reduced by coke, and
nickel is obtained. :

Pure nickel is obtained by heating the oxide in producer gas at
500 to 80° when nickel carbonyl, Ni(CO),, volatalizes. It is then
heated to 180° when it decomposes to give pure nickel and carbon
moncxide. % |

Tensile strength of nickel is 3,000 km/cm? and on cold working
is increased to 10,000 kg/cm?®. Thus it is stronger than other common
metals. 1tis hard, ductile and malleable, It is ferro-magnetic.
Many of the uses of nickel are due to its higzh corrosion-resistance,
therefore, it is used for nickel plating.

Alloys of Nickel. Because of high resistance to corrosion and
good mechanical properties, nickel finds important applications in
making ferrous and non-ferrous alloys. These alloys have been des-
cribed under ‘Ferrous Alloys’ and ‘Alloys of Copper’.
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