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A mineral is a naturally occurring substance with a range of
chemical compositions.

An ore is a mineral deposit concentrated enough to allow
economical recovery of a desired metal.

Metallurgy is the science and technology of separating metals
from their ores and of compounding alloys.

An alloy is a solid solution either of two or more metals, or of a
metal or metals with one or more nonmetals.

Recovery of a metal from its ore:

1. Preparation of the ore

2. Production of the metal

3. Purification of the metal

TABLE 2041

Type Minerals
TTnconnbine] metals Ag. Au, Bi, Cu, B PRI
Carboenates
Cal’0h - MuC'Oh (lolammite), PhCO: fverussile),
hsonitey
Halides CaFs iMuorited, NaCl chalite), KC (svlvite), Na-AlB (eryalied
Oxides A comndum;, Fe, 0, (hematite),

o), Mol (pyrolusile), Sno,
ossilerile), TiOs (rulilel, Znd) (eincile)
Phosphates “asi POy iphosphate rocky, Ca PO OH (hydroxyapatite)
Silicas B Al Ny cheryly, Zesicyy deircony, MaAlSi0n albite),
Mgy

Sullides

BaS0y rbartey, CaSCy, fanhydrite), PbSO, ianglesite).
Sr80y reelestite), MuSO, - THAO (epsomite)

Sulfates

Production of Metals

Roasting
CaCO, (s) — CaO (s) + CO, (9)
2PDbS (s) + 30, (g — 2PbO (s) + 2SO, (9)
Chemical Reduction
TiCl, (g) + 2Mg () —Ti (s) + 2MgCl, (1)
Cr,05 (s) + 2Al (s) — 2Cr () + ALLO; (s)
WOj; (s) + 3H, (g) —— W (s) + 3H,0 (g9)
Electrolytic Reduction
2MO () — 2M (at cathode) + O, (at anode)
2MCI ()—— 2M (at cathode) + Cl, (at anode)
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Metals and Their Best-Known Minerals
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TABLE 20.2
Metal Reduction Process
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Blast Furnace for Steel Manufactu_ring via the Oxygen Process
— Cluarge o, limestome, cuke | Producing Iron (oxidation process)
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Purification of Metals
Distillation Battery
Ni (s) + 4CO (g) == NiCO, (g) )
JBL= 52 g 419 Impure Pure
Camposition [Parcent by Mass* NiCO4 @ 200 °C Ni () + 4CO © copper copper
Type c Mn P ] 8l NI cr Others Uses IIﬂOdE C;nhode
¥l T T S T3 = — Crna-d sheer peaensts, . |
Electrolysis I | I
High-=acngh 025 165 i+ ERLUCI U P L U WU U B W ATINY K] B T i, slean |
Shir less GE10E 101G G AR B 1aanT Kitcher menils, Cu (s) (impure) — Cu?* (aq) + 2€ I | I
paen blades
A g e e o e e e S ks e Cu?* (aq) + 2e-——Cu (s) (pure)
Zone refining —Cu*'—>
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In band theory of conductivity, delocalized electrons move
Zone Refining of Metals freely through “bands” formed by overlapping molecular orbitals.
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Energy Gaps Between Valence and Conduction Bands in
Metals, Semiconductors and Insulators
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Increasing Metallic Character
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Alkali Metals (ns?, n > 2)
M— M*1 + 1e
2Mg) + 2H,0( — 2MOH ) + Hyg)
2Mg) + Oy MzO
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Si

n-type semiconductor
donor impurities

Semiconductors

[Ne]3s23p?

p-type semiconductor
acceptor impurities

P B
[Ne]3s23p3 [Ne]3s23pt
TABLE 20.4
Li Na K Rb Cs
Walenee electron conligugilion 2 ay! 45! 3 o
Density (giom’) 05324 097 {6 1.53 187
Melling point (7C) 179 976 63 30 2
Boiling point (°C) 1317 Raz T OEE 678
Adormic raulios (pnd 152 186 227 28 265
lonie radius (pmi© TE 95 133 148 163
Tomization en 20 496 419 403 373
10 0y (R s 07
05 271 293 293 202
Lowhore Mo denotes an alkal actal awon, .
3 Mg = T — Mis Halite: NaCl
TABLE 20.5
Be Mg Ca Sr Ba
Walence eleciron configuration 24 k' A5 S '
1LEO 174 L35 2.6 3is
Melting point (°C) 1280 630 RAR 770 T4
Baoiling point (°C) 270 1107 1434 L350 1640
Atomic radius 1pm) 12 160 197 ZI5 222
Tomic rlins (pin)* 34 TR 1016 127 143
First and second jonization Hoy 734 390 548 502
engrgies (kKIimaly 1757 1430 1145 1058 A58
Elcctronegativily 1.5 1.2 L. L. o4
Standard reduction potential (V' 183 237 287 2.RY 290
“Refe ili cank el wiem,
The bl e
Dolomite: MgCO; - CaCO;
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Alkaline Earth Metals (ns?, n > 2)
M —— M*2 + 2¢e-
Be, + 2H,0, — No Reaction
Mg + H20(q) = MO () + Hy
M(S) + 2H20(|) — M(OH)Z(aq) + H2(g) M = Ca, Sr, or Ba

Aluminum
Impure Al,Oj3 (s) + 20H" (ag) ——2AIO," (ag) + H,O (I)
AlO, (s) + H3O" (ag)——AI(OH); (s)

2AI(OH); (5) —2— ALLO; (5) + 3H,0 (9)
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Anode: 3[20> ——0, (g) + 4€1]
Cathode: 4[AR* + 3e——Al ()]
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2A1,0,——4Al () + 30, (9)

Aluminum hydride: a polymer
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Double salts

M M (S0,), - 12H,0 M7 K™ Na". NH;
M7 AN, O T, Fett

KAWSOy), - 12H,0
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Amphoterism
Al{OH)y(5) + 3H (ag) — Al (ag) + 3HLO(D)
Al{OH);(s) + OH (ag) — Al{OH}, (ag)
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Chemistry In Action: Recycling Aluminum
Collecting Purifying
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