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Unit1 Metal Extraction Processes Introduction
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Section A Text

Metals occur in the earth’s crust in the following chemical states:

1. Oxides, e. g. OFe,0,, Ti0,, Cu,0, Sn0,;

2. Sulphides, e. g. PbS, ZnS, Cu,S, Ni,S,, HgS;

3. Oxysalts, such as silicates, sulphates, titanates, carbonates, e. g. Fe,CO,, ZrSiO;;
and to a lesser extent in other forms such as in “native” (elemental) form or as arsenides, e. g.
PtAs,.

By far the most important groups with respect to quantity and occurrence are sulphides and ox-
ides. Apart from the precious metals ( Au, Ag, Pt), metals rarely occur in the uncombined or
“native” form. This is due to the reactive nature of metals which combine with the environment
producing such compounds as oxides and sulphides. Precious metals are least reactive.

Metal ores are concentrations of the above metal compounds associated with other unwanted min-
erals ( gangue) such as silicates. It is therefore necessary to separate the metal-bearing component
(value) from the unwanted gangue prior to the extraction process. If this is not done the subse-
quent extraction of the metal will be less efficient, more costly and it will be more difficult to pro-
duce the metal in a state of high purity.

Once the metal-beating constituent and the gangue have been separated the concentrate pro-

duced can be subjected to the extraction process. There are three main routes that can be used:

1. Pyrometallurgy——incorporates smelting, converting and fire refining of the metal concen-

trate;

2. Hydrometallurgy provides the metal in the form of an aqueous solution followed by subse-

quent precipitation of the metal;

Q@A BHHIHMBL T XHERFS KHT X
e. g HEANEIF, oA, %R T“for example”
ie. FPBELRUE, Bl iG . 2[R T “that is,in other words”
viz. : B, gk 2 ; IR0, %5 [A] T namely, that is to say, videlicet” .
ete. ;4545 %6 F“and so on”



2 Unit 1 Metal Extraction Processes Introduction

uses electrolysis to extract the metal. Electrowinning is the extraction of

3. Electrometallurgy
the metal from the electrolyte while electrorefining is the refining of the impure metal which is in
the form of the anode.

The choice of extraction route will largely depend on the cost per tonne of metal extracted
which, in turn, will depend on the type of ore, availability and cost of fuel ( coal, oil, natural gas or
electricity) , production quantity and rate and the required metal purity. Unless cheap hydroelectric
power is available or the metal is highly reactive, such as aluminum, electrometallurgy is an expen-
sive route but it usually provides the metal in an extremely pure state of more than 99.9% . Elec-
trorefining is often used as a final refining process after pyrometallurgical extraction. Hydrometal-
lurgy tends to be slower than pyrometallurgical extraction and reagent costs tend to be high but it is
ideal for extracting metals from lean ores. Again, a final electrorefining process is often adopted.
Owing to the abundance and relatively low cost of fossil fuels ( oil, coal, coke and natural gas) and
the fact that pyrometallurgy is more adaptable than hydrometallurgy and electrometallurgy to high
production rates, pyrometallurgical processes provide the main routes for the extraction of metals.
For this reason, the major portion of the present chapter will be spent on pyrometallurgical extrac-
tion.

Thermodynamics and reaction kinetics are used to determine the most suitable process steps,
heat balances ( enthalpy) and reaction rates but material balances, that is the calculation of the re-
quired amount of input raw materials to give the necessary production rates, must also be deduced.
Often, material and heat balances give valuable information regarding process efficiency and indi-

cate areas where improvements can be made.

- Words and Expressions
c
aluminum [ 9 "lju:minam] n. 45 Al

anode [ zenoud] n. fHML , IEH&

aqueous [ eikwios] adj. /K, & 7KK

arsenide [ a:sinaid ] n. ffi{k¥y

carbonate [ "ka:boneit] vt. {§BHk, B4 ;n. BRAEL

coke [ kouk] n. fEx, M

component [ kom " paunont] adj. ZH AT, & AT ;0. R4, A%
electrolyte [ i lektrolait] n. HL R , B R

electrometallurgy [ i, lektroume "tzlodzi] n. BG4, HIE4E  BKIEL
electrowinning [ i, lektrou "winin] n. BLf#IE 41, FEETTH

. fossile [ fosl] n. fbf;adj. tLAHY

gangue [ gep] n. kA

hydrometallurgy [, haidrou "metls:d3i] n. 7K, {B 1642

kinetics [ kai "netiks ] n. 3) J12%

oxide [ oksaid] n. & {4
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oxysalt [, oksi "so:1t] n. FEER

precipitation [ pri, sipi teifon] n. JL3E , UUHT, UUFE
pyrometallurgy [, paiors 'metoal3:d3i] n. KEIR42F
reagent [ ri " eidzont] n. &, ;W

silicate [ 'silikit] n. fiEERER

sulphate [ "salfeit] n. fifREL

sulphide [ "salfaid ] n. Bifb4)

thermodynamics [, §3rmoudai "nzemiks | n. # Jj2%

titanate [ " taitoneit ] n. £KERER
e >/'

Notes

\\%

1. The choice of extraction route will largely depend on the cost per tonne of metal extracted which,
in turn, will depend on the type of ore, availability and cost of fuel ( coal, oil, natural gas or electricity) , pro-
duction quantity and rate and the required metal purity.

[ B a4 47 ] X )35 19 32 /A) 42 “ The choice of extraction route will largely depend on---";
which 5|5 #) & 18 MBI metal” ; NA] Y TETE /2 “ will depend on”

[SEBN]RIBUA & T E AR s, TRBOR T 2RI G R Fm ) 84, HRAK
KW A KRR BB Tl RS M I FUSAS = B 7= R MR 4 )8
Sl )R

2. Owing to the abundance and relatively low cost of fossil fuels ( oil, coal, coke and natural gas) and
the fact that pyrometallurgy is more adaptable than hydrometallurgy and electrometallurgy to high produc-
tion rates, pyrometallurgical processes provide the main routes for the extraction of metals.

[ Bl R 4347 ] X )35 /Y 47 4 “ pyrometallurgical processes provide the main routes for---";
“Owing to” XA 15T | Hh A9 I At IR 20 M A, JF 1 and 743 X AN ERL I S — 384
“the fact that---” ;that 5| S M AJ 15 BH “ the fact”

[(SEBN] H TAREREFE AR, JF B ARG S REABG S EE T
HERA T, JI, KERERERRITEETZ,

3. Thermodynamics and reaction kinetics are used to determine the most suitable process steps,
heat balances (enthalpy) and reaction rates but material balances, that is the calculation of the required
amount of input raw materials to give the necessary production rates, must also be deduced.

[ BlRI5#7 ] A5 — NS Z RN SERE — )T, 125 Z )5 WAF, EiEH2 R heat
balances (enthalpy) and reaction rates but material balances” , 15 #43 H -5 1% $£17) “ --- and
-o-but---” %42 ; I TEAR 534 “ must also be deduced” ; that 5| 5 #2114 ARG 5 FE 55 &
a b I, VE 4G ATE 6B “ material balances”

[EERT] L B IF50E m ) R ESE R, fEEEFIESERA % WA and
or ,but \while, DL & AN ULH) whereas 25, 1E8 70433 3% 17 () V5 FH , X HEB 3RA% 1) F & XA
RAHFEBY . B, 5% and 25" ,or 25" ,but £“4E" , while } whereas J& FH 3k %
7 X LU B — X S — YR A T T . HOR FESr BT A TR, — s B, U
5 R 1) TP R AE S IEIRSEH , LB MEE (R RIE S I, —
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HRAT H 51 1 ) 1 ) L, AR HER B AR T

[ &8N ] PR 30 172408 BB T2, (RI) S0 #4745 S
7 SR TR B P TR B (U R X E TZLRESERN) PR 5%
F0 A 7o o SR o O B JEORHIBA R B

I3 % 17 FREE 261«

(1) while

Electrowinning is the extraction of the metal from the electrolyte while electrorefining is the
refining of the impure metal which is in the form of the anode. (Unit 1)

[ Bl €43 47] s A)H while B AA]F, XN FRIXREZ— I HYHIPAT5H, B
IR SR BRI, F while S80S, BXTLLMRIR . 5% —HI0" classification” — 5 K
U A]F, AT A R Oy R 1 T B

[ B2 X ] BRSPS IR A8, 1T R O R A 4l i )8 4F 9 FR AR 21T
Ko

(2)and

The evaporation of water is endothermic ( +44kJ/mol) and thus requires heat to bring the
mineral to the appropriate temperature and for the evaporation process. ( Unit 3)

[ Bl F447] B H P4 and, 55— and A FHBENEIE, BI“is endothermic” Fl“re-
quires”; % — A and 4 “to” Fl“for” X B iA 5| i HRIE

[ BEB N /KIZER AN, BT ZRTT PR A 2E & iR E RN & ER/AT
ARLBRAEE

A LT LA E“while” Fl“and” FIBE A FARZE, AT LA LE AT /00 A%

Section B Reading

In the past, most textbooks on extractive metallurgy have been of a rather descriptive nature. Vari-
ous processes for the production of various metals have been listed and described, and the emphasis
has been on the technology rather than on the basic principles involved. The chemistry of the
processes has often been limited to a list of chemical reactions which are believed to have taken
place. As the amount of industrial experience increases, it becomes more and more difficult to give
a comprehensive review of all possible and impossible metallurgical processes. Also, by limiting the
teaching to the technology of yesterday the students will be less prepared to develop the technology
of tomorrow.

By concentrating on the fundamental principles of metal extraction, the author hopes to overcome
some of these obstacles. The emphasis of the present text is not on how the various processes are
performed, but rather on what is actually happening and why the processes are carried out in a cer-
tain way. Such an understanding may show what possibilities exist with respect to future develop-
ment.

The teaching and learning of the principles of extractive metallurgy is connected with certain in-

herent difficulties. A metallurgical process is first of all governed by chemical reactions. The extrac-
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tive metallurgist, therefore, should be well schooled in chemistry, in particular in chemical thermo-
dynamics and reaction kinetics. Second, the design of a metallurgical reactor is based on the appli-
cation of engineering principles of heat and mass balance, and of heat and mass flow. Finally, the
extractive metallurgist should know something about existing techniques, and he should be trained
to use his imagination to improve these techniques.

Present university courses give a certain, but often inadequate background in chemistry and
chemical thermodynamics. Thermodynamics courses are often very formal, and have a tendency to
become sterile. In the present text it is, therefore, felt necessary to give a review of thermodyna-
mics, based on first principles and with emphasis on its application to metallurgy. Also, present
courses in general engineering are not always geared to the need of the extractive metallurgist. Sub-
jects such as heat transfer and fluid flow are therefore discussed in the present text. The chapters,
therefore, represent a review of those fundamental principles: thermodynamics, kinetics, and engi-
neering principles, which are of importance to extractive metallurgy. These chapters may be used as
a separate text, or they may be omitted entirely by those readers who already have an adequate
background in these fields.

The major part of the text is devoted to the various metallurgical unit processes: roasting, reduc-
tion, smelting, electrolysis, and is illustrated by existing techniques for the extraction of the most
common metal. The emphasis is mainly on the chemistry and dynamics of the processes, and with
only brief reference to reactor design. In the description of metallurgical reactors, the principal con-
cern has been to show how these function and how they actually look. A more detailed discussion of
reactor design is considered outside the scope of the text.

Metal extraction is in the end always decided by economic consideration. The most elegant use of
thermodynamics and reactor design is of little value if the process is uneconomical or if there is no
market for the product. A discussion on plant economics is considered outside the scope of the
present text, and only incidental reference is made to the economics of the processes discussed.
Both the operating metallurgist and the person engaged in industrial research are well advised, how-
ever, always to keep their eyes open to the economic consequences of their activities.

With the exception of certain key publications, it has not been possible to include references to
all information given. A great deal is part of the common heritage of the metallurgical profession,
and the author has drawn information also from other textbooks in the field. As a tribute to these
books and a guide for the reader who wants further information, each chapter includes a bibliogra-
phy of recommended reading. Also each chapter includes a list of problems ranging from simple
calculations to problems which require imagination and ability for creative synthesis.

The tables and graphs of thermodynamic quantities for most substances of metallurgical im-
portance may be used to calculate heat ( enthalpy) balances and chemical equilibrium con-
stants.

The text is intended to give a broad review of metal extraction based on first principles, and is
primarily aimed at the junior or senior under-graduate student. It may be supplemented by more

specialized texts on subjects of special benefit to the course or to the individual student.
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Questions

1. What obstacles does the author hope to overcome in the teaching to the technologies of extractive
metallurgy?
2. What kind of knowledge should an extractive metallurgist be well schooled in?

3. What is the decisive factor for the designing of a metal extractive process?
‘Section C MR 1 — R FZIFMIEBEZHL(—)

RHEEEERERENPEIEE, KAZ, E4AL, $shME; MEAD, {81, 4w
b RIFEER LR, T B2 B Y R A T . BRBHEGETE R R H AR E B
& R I R IR R G A B (B E R B P R R AR & AR R E P MR
Zoo MR LTEERIR N2 HIG L, FE 2 MM ABHIGE , LB ST .

1. ZhiAl R — % IR ZE A ( The Present Indefinite Tense)

B FRHERIER 2 ARPGA TR B8, R I A sh e, B m S & o i — M
AL, BRERE AN XEFHAENRERENREMEEREE,
AR EEAN LT ILR,

(1) BGR B AR IR E B8 — ARRTERY

Apart from the precious metals ( Au, Ag, Pt), metals rarely occur in the uncombined or
“native” form. (Unit 1)

[BERX]IRTRERE (& B W) 25, @BILFARUBERE RIS WERFE.

Q)PP AT R TERERNONE ABTRE B 5 F X PR R 3hiad 2 H— R IER,

Reactions which involve both SO, and O, are seen to have a diagonal line since the equilibri-
um phases are produced on the partial pressure of both gases. ( Unit 2)

(ST ] i TP EAHREMMAAES R EZ T A RK , FafaE S0, #10, &
PSR BE , 72 B Y R LR — R 0 A o

G)REXENAKX FTEIAEL , BN 0 Lk RABEA—RIAER,

CaCO; — CaO + CO, (Unit 3)

[ %1% % ] The decomposition of calcium carbonate produces calcium oxide and carbon mon-
oxide.

(4) TERAAE AR F R ETE N A A 2509 BR 475 — M BRTERT

Basically the theory proposed among other things that the maximum speed possible in the uni-
verse is that of light;that mass appears to increase with speed;that ---

[BERNEA L XANEISER T 38 LASME 5 S - 565 6] BBk B A9 R B R 5
JR B e B T - 0

(5) Ba]  ZR AR E A o — AR E B AR SR e
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When you look into this mirror,you will see an enlarged erect image.

[ SR RPIXEHE FE LN REEE R HCRIIER

X RRHE I [A] BR AR AR TE AT A F, AR & Rs — RO BRI

(6) —fEBLAERH B BUAE AT  BHEA R AR —E I L 2 R E R AE i R,
— MR BLAERT , AN s FHBAE AT

“Now watch me. I switch on the current,and stand back:--”

[SEREN ], RIVEE LR, R,
2. iR #E BhiE 75 ( The Passive Voice)

TERHE SO PSR SE RNz, XRF AR X EFEE R RN RFERNIAR
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This is achieved using the different physical properties of the various particles present,such as
magnetic, electrical conductivity and surface properties. ( Unit 2) -
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The ore,coke and flux material are charged to the furnace at the top of the stack or shaft.
(Unit 4)
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Elements can be classified as metals or nonmetals.
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To explore the moon’s surface,rockets were launched again and again.
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More than one hundred elements have been found by chemical workers at present.
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Modern scientific discoveries lead to conclusion that energy may be created from matter and

that matter,in turn,may be created from energy.
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The pick up of Si,S,Mn,can be controlled to some extent by slag basicity and temperature on
examination of the thermodynamic relationships involved. ( Unit 9)
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Acids and bases can be identified by their effects on litmus paper.
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All matter is made up of tiny particles called molecules.
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