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n\ New words and expressions Unit 4

e electrowinning [r lektroo'winim] &5 2

e solvent ['sa:lvont];&

e ambient [‘&mbiont] = ;& at ambient temperature
e anode [‘enoud]PH1K
o cathode cell ['kaboud]

e evolution overvoltage [ i:va'luifn] [ ovva'voultidz]4fr H i3 B8 iL

e electrolyte [1'lektrolart] B8 2%

e electrode spacing % [a] b

e current efficiency B 7 0%

Electrolysis [1 lek'tra:lasis]




R\ New words and expressions Unit 4

s Electrochemical [1 lektrov'’kemikoal] HiAL )

» Electrodeposition [elektroudpnp'zin] HLITFR

= at room temperature

= recirculate [ri:'so:kjoleit] HAE M, FHiniH

= anodic evolution of oxygenfH AT HE S

= accumulation precipitation [ kju:mjo'lexfn] [pr1 sipr'ter/n] 4R
DR

= corrosion resistant [ke'rauzn] i f& b 4

= halides sodium [‘herlaid] ['soudiom] Xift.4H

= contamination [ken tema'nerfon] 754

= feed stock EE}

s scheme [ski:m] 1%




R\ New words and expressions Unit 4

o dendritic [ den'dritik][#A 4K BY

dehydration [ di:har'drerfn] 7K

» molten salts  graphite [‘greefait] 422

o conductivity [ kondak'tivoti] S E8 4« Electrorefining[r'lektrov'famm] 8 f#F5 1
e Ohmic drop®x 4 p& e size distribution R~ 9%

o refractory metal¥IZ € E e Solubility [ solju'biloti]iA fRE

e current density e, 37 57 e lining ['lamnig] #f £

e organic mediagG 14 & * deleterious effects [ delo'tirios] 5 BN

* aqueous solution electrolysis 7K;&#& e« chemical reagent{t =% 5]

=N . " dassparger ['spa:dze] SIAGKEES
» molten salt electrolysisizrath B i@ | cryolite['kraro lait] /K & A

« Mother sheet of pure metal % & 151k
):|L




B \W outline Unit 4

« Agueous solution electrolysis

« Advantage of water as solvent

* Principle

» Before electrolysis, removing impurities
* Molten salt electrolysis

 Disadvantage
 Important factor at the elevated temperature considered

o electrorefining



B\ Introduction Unit 4

>What can we learn?

1. What is electrowinning?

2. The process of aqueous electrowinning.

3. With reference to the overall scheme of electrowinning in agueous media, the
reason why there is no overall acid consumption in acid leaching-
electrowinning process.

4. \What is “Electrowinning in molten salts”?

5. The working conditions of molten salts electrowinning.

6. What is electrorefining?



R\ syntax

Unit 4

* Followed by
* Thus

ncrease In
Rather than
orovided

n theory ,In practice



applied

Electrochemical Testing Cell (Example)

potential

gas vent
counter
electrode

sealable
vessel

—1
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electrode

¢

measured
potential
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— electrode

— glass frit

gas
C sparger




01\ Introduction Unit 4

electrolysis and electrodeposition

Electrolysis is an electrochemical process by which current passes from one
electrode to another in an ionized solution that is an electrolyte.
Electrodeposition:the deposition of a substance on an electrode by the action
of electricity.

electrolytic electrowinning Al,Mg, Na, Zn
manafacturing B fig (£ BB R
HiE (FEHR) B)

electrolysis electrosynthesis

(BLFEA)

NaOH,Cl,,MnO,,
C_hE
Cu,Ni,Pb

electrorefining B8 f S
(R4 Y fR)

electrowinning and electrorefining belong to electrodeposition.



n\ Definition Unit 4

O The metallic elements may be extracted from the naturally occurring ores by a
reduction which could in every case be electrochemical.

0 In practice, chemical reagents such as hydrogen, carbon or active metals may be
preferred and the choice is obviously made on economic grounds by considering the
required purity of the product, its physical form and the other stages of the overall
process.

In practice: fESZ Bk H  reagents: ikl hydrogen: & carbon: Tk

ARAJEEL Eiﬁfatﬁ, A EGETEERE R Bkl JFHE

TG, BEHE MR YR EA IRE 5 = 4113[%%25!%1&1?

PR o

O These include ore treatment and concentration, separation after reduction, further

purification or refining and fabrication.



m Definition Unit 4

O Electrometallurgy involves the use of electric energy to recover
or to refine a metal from different media.

0 The use of water as solvent is restricted to elements less active
than zinc and manganese.
cathodic reaction:Sit% s ™ play a minor role: JEXRZE/ER] be

restricted to : R+ zinc: £ manganese: %k

ARAJFE: KPR TE AR TR ) o s A

Cin the laboratory, organic media are employed in Investigations
on other more active metals but in practice only molten salts have
found any application.



m Definition Unit 4

O Electrowinning represents an alternative to pyrometallurgy
process to produce metals. While electrorefining is preferable to
production of high purity metals like copper and aluminum as
well as for the recovery of valuable impurities, such as silver

and gold from copper.



[E)\ Aqueous Electrowinning Unit 4

O Electrowinning is practiced extensively

_ _ _ “"“d“*)(‘@\mhm—}

In the metals industry. Copper, zinc, and M T[]

gold as well as other metals, are produced Beemlye Mo

. HO

by this process. )

O Electrowinning  utilizes an  applied 2°\ j
Me"
potential to drive electrochemical || w0 |
reactions in the deS”'Ed dIrECtlon. Fig. 4-1 Schematic diagram of a typical hydrometallurgical electrowinning process

O When an electric current passes through a
pair of electrodes in the electrolyte, the
metal is deposited at the cathode and

oxygen is evolved at the inert anode.



I[F)\ Aqueous Electrowinning Unit 4

OO Water containing dissolved metal ions is a common electrolyte.

O The favorable properties of water as a solvent are well known and
include the ability to dissolve salts to relatively high concentrations,
and to produce solutions of high conductivity at ambient temperatures,
especially when acidic.

O These factors are used to advantage when the overall process in

considered, since in most cases the following scheme is applicable.



[E)\ Aqueous Electrowinning Unit 4

(a) The ore is converted to an acid soluble form, usually an oxide, by roasting.
The product is then leached:
MOy +2xH# = M2¥* + xH,0
(b) The solution is purified and perhaps concentrated.
(c) The anodic and cathodic reactions during electrolysis are
MZst + 2xe - M
xH,0 — 1/2x0, +2xH3, + 2xe
(d) The acid liberated at the anode is recirculated to the leach. The net reaction
can then be written simply as
MO, — M + 1/2x0,



I[F)\ Aqueous Electrowinning Unit 4

And there should be no overall consumption of water or acid.

OO0 The use of sulphuric acid as the leaching agent favours the anodic evolution of
oxygen, whereas in HCI (Hydrochloric acid) solution chlorine would probably be
evolved.
sulphuric acid :#%i# anodic evolution: [H##HTH chlorine: &

A 4] Hevolutionfbe evolved & X AH A
PO AR IRE IR A AT FIAR A 220, T A2 SRRV VR Al BE = HE S

O Similarly hydrogen evolution besides giving rise to current inefficiency also leads
to acid consumption.

O The high conductivity of the solvated proton reduces the power losses caused by
ohmic drop during electrolysis. No other solvent system can combine all these

advantages at room temperatures.



[E)\ Aqueous Electrowinning Unit 4

(a) Leaching of oxide bearing ores extracts the metal directly without a smelting

process.

0 This becomes attractive at low concentrations when much unwanted materials would
have to be submitted to smelting with resulting in wastage of thermal energy.

be submitted to :#258%5  resultin: FEL

with resulting in wastage of thermal energy {EJIRIE

KAJEXL: EMKRE T, HFZAFTENMTRGEOE ZIER, M FEENEERITR 9%,

B X — RO AR R ARE ] 7T .

O In many cases, concentration by flotation followed by smelting is also inefficient and

leaching is more satisfactory.



I[F)\ Aqueous Electrowinning Unit 4

(b) Before electrolysis, more noble impurity metals must be removed or these
will be preferentially deposited. Hence the more active elements, e.g. Zn and Mn
require more extensive purification.

O At the same time, salts of more active metals such as Mg may have to be
removed simply to prevent accumulation and precipitation at inconvenient
sites. It may also be found that some impurities reduce the hydrogen evolution

overvoltage on active metals thus reducing the current efficiency.



I[F)\ Aqueous Electrowinning Unit 4

(c) Since most operations involve electrolysis of sulphuric acid solutions, it is
to be expected that the equipment utilized would be fairly uniform. Thus lead is
often used as a corrosion resistant material for lining the tanks and for the
anodes. Descriptions of many plants are available in the literature and are

Indicated under the appropriate metal without going into much detail here.



[E)\ Aqueous Electrowinning Unit 4

One of the major advantages of electrowinning should be the production of a
high purity metal thus eliminating the need for further refining.

O Normally, under cathodic conditions the electrodeposit is not attacked by the
solvent in aqueous systems and the only impurity is likely to be hydrogen
provided that the electrolyte is suitably processed.

be attacked by L R f2h provided: A7y, HE; 5l F&AFRIEMNA]

RAJE: BE, EARKM T, BITREASZRKAE R E AR,
REfRR A & A0, ME— )R T A] R 2 &

O This is not always the case in molten salt regimes as will be seen later.



I[F)\ Aqueous Electrowinning Unit 4

O 8 AF,.......

e Thus,...... Therefore,......
e Asaresult,..... It follows that .....
e ...50 that...., ....such that...

e The bus was held up by the snowstorm, thus causing
the delay.

O Followed by 1#%&

« We had fish for the first course, followed by pork and
fresh vegetables

&ﬂ]ﬂ HEE—EXEHA,

J:FJIL7i<o

| LI

2 & LI R AT

ﬁKT

21



I\ Electrowinning in Molten Salts Unit 4

O Although attempts have been made to electrowin the refractory metals from
agueous and organic media, it is probably true to say that in most cases the
cathodic product is grossly contaminated and it is necessary to resort to fused salt
systems.

O In theory, any metal could be claimed by direct electrolysis of one of its salts;
halides are usually considered, but in practice, it is often preferable to dissolve the

compound in salts of the more active metals, sodium and potassium. (&7 7 )

intheory: ¥ - beclaimed by : H---3k15 halide: XL

sodium: 4 potassium: £

ARAJPEC: B b, B —Fhe A nT DOl B g — M kRS
wWEEY, (BAESLEY, BEINEHEEYEREETEE mERE.
PHHIER



I\ Knowledge Extension Unit 4

fused salt electrolysis of cryolite-alumina

fused salt electrolysis of aluminum

anode carbon block
cathode cell pot lined with carbon
7 .A;ocie leads =
Steel studs
Steel frame
Raw anode
Cathode metal <ot i e
\\\ F rozen crust
’ o o] a0 NN =

e e e |- Cathode carbon
TR Cathode leads TS

AN

/7 Refractory linin




I\ Electrowinning in Molten Salts Unit 4

0 This procedure improves the conductivity and lowers the melting point of
resultant mixture and may also permit continuous operation by replenishing
the metal feedstock.

O Since alternative media are not possible for several metals, it is perhaps
appropriate to stress the disadvantages rather than the advantages of molten
salt winning. The high temperatures of operation result in increased

contamination through corrosion and reaction with the anodic products.



I\ Electrowinning in Molten Salts Unit 4

OO For example, carbon monoxide may diffuse through the melt and react with
the product to increase the carbon and oxygen content of the metal with
deleterious effects in metallurgical properties. For similar reasons, inert
atmospheres and expensive cell linings may be required and the feedstock
may need careful dehydration and other purification.

O Unless the metal is formed as a liquid, it is often quite difficult to separate
from the melt since deposition in powder or dendritic form is frequently

encountered, so that the number of operations may have to be increased.

be formed as kN, UCh--FEXAELE;  separate from: M- E

power: A dendritic: AT FLHY

RAJPE: BRAEE)E LRI IARAE, S CGR i) @ E RN SR E ik, W
NEH 2= 1B R ARRE BCIRPITTER,  KIRT e A S A TG I (oK Alifh) BE IREL .



I\ Electrowinning in Molten Salts Unit 4

0 At the same time, solubility in the melt becomes an important factor at the
elevated temperatures considered and is often a source of current
inefficiency. Continuous processes have not always been developed but
where available these are based on oxide or chloride feedstocks with
oxygen and chlorine evolved at the anode respectively.

O In the former instance the oxygen combines with the carbon to liberate CO

or CO,. Carbon and graphite are the only suitable anode materials.



I\ Electrowinning in Molten Salts Unit 4

O The cell electrolyte is never cycled for leaching purposes, as in agueous
electrowinning, for obvious reasons and indeed the molten salt electrolysis may
represent only a relatively small fraction of the total production cost since
complicated concentration and separation techniques are necessary for many of the
elements treated.

Asmall fraction of: —/NEE7>  as: fRe--—FF  sinced| TR BFIRIE N A

ARAJBE: TR 2 W TR, Lt rE ARV M ARAR AL 7K TRV R T B PR IR A Dy

RATIPER, JF H ks Eda & i g nl BeAN & 8 AR 77 A AR N — &R 0, BN

IR BIRAE N 73 B BRI T 2 70 3 RUAL 32 O )

O The reduction may therefore be replaced by alternative methods without a major
effect on the overall scheme. Temperature is usually maintained by resistive heating.
This may imply an increase in the electrode spacing; schemes incorporating external

fossil fuel heating are normally unsuccessful.



I\ electrorefining Unit 4

Electrolytic winning of copper Vs Electrolytic refining of copper

anode Pt-Ag/Pb-Sb alloy plate

fire-refined /blister copper
cathode

pure copper electrodeposited copper

electrolyte an acid solution of copper sulfate

overall reaction CuSO,+H,0—Cu+H,S04+1/20, Cu (impure) —Cu (pure)
cathodic reaction Cu?*+2e—Cu Cu?*+2e—Cu
anodic reaction 2H,0-4e—0,+4H* Cu-2e-—Cu?*

major impurities Fe?*. Fe3*, As. Sh. Bi

As. Bi

o\

oy A

[4

N
g
d




I\ Electrorefining Unit 4

O Electrorefining is one of the most important Elecrons
purification processes of metals, usually obtained by

electrowinning. The electrolyte i1s an acid solution

of metallic salts, usually chlorides and sulfates.

0 Here, the anode, which is made of impure metal,

dissolves in the electrolytic bath and the resulting

Fig. 4-2  Schematic diagram of the electrorefining process

cations of the basic metal are selectively deposited
on the cathode, which is made of a mother sheet of
pure metal. The operating conditions ensure this
selective deposition. All the other components of the
anode remain in solution or form slimes in the

electrolytic bath.



I\ Electrorefining Unit 4

The basic characteristic of this electrolysis Hen

is that the voltage to be applied is low, as it~
the energy consumed by electro-reduction at e

the cathode is balanced by the energy " \
obtained by oxidation at the anode. The N Mj 2:
applied voltage only has to overcome the 1 w 1

ohmic drop, IR and the anodic and cathodic
overvoltages. Thus, the current efficiency
is high ( about 95%) and energy
consumption is low. The main industrial
application includes electrorefining  of
copper, nickel, lead, tin and nickel mattes.

Fig. 4-2 Schematic diagram of the electrorefining process



106 \§ Exercise Unit 4

1. FLAR SR RS R 2 B 2E B BTk, =+ 2 M )m S 4 et /e LR A
YR

2. WAV /KB L AE AT S8 FEE P R JKIEVRFELRR ] T A P ANTR TR . BOE
R4 I 7 P s 2k B A v A

3. IKAERZKIE W LR A I T KRR . B AL EIE AR = T IR S i3
IR XN

4. E BRI S YRS, (BRI A T A EAMERE

5. AL AL s i ab e . B 3AEa . R 5 T



106 \§ Exercise answer Unit 4

1. AR E A AR I R & B A R EE L, =T 2REE g 2 subE/EL R
AT

H R He H:  electrowinning G % electrorefining

SEREL

Electrowinning and electrorefining are important methods of metal production. More

than 30 metals used to be produced or are produced by electrolysis.

2. LR A KT R AR AR 58 FRLAR PR VAR T A AN IR )&
B IR )i i A Sh FU R A

KSR A :  aqueous solution electrolysis A Eh FHEf#:  molten salt electrolysis
R

There are two kinds of electrolysis methods: agueous solution electrolysis and molten

salt electrolysis; the former is used for production of less active metals and the latter

IS suited to production of active metals.



106 \§ Exercise answer Unit 4

3. IKAE 7K TV LR VA T I AR B <& SR A S DT AR E v
VEVBRUH IR IR 3 AR S L A

HL R HE L electrowinning RS 1% electrorefining

R

The advantages of water as solvent for aqueous solution electrolysis
are cheapness, high solubility of metal compounds and high

conductivity at ambient temperatur.

4. B EMRE S YRS, (BAERSE R4 AR AR
HE

ZHEL

Molten salt electrolysis requires high temperature and rather
expensive raw maters, but it is necessary for production of some

metals.



106 \§ Exercise answer Unit 4

5. HLMEEMFLEC S i . AP L. AR S TR .
SR
The common advantages of electrolysis are high purity of product, good environment

condition and easy control of operation.



106 \§ Exercise answer Unit 4

QA f@ig g iE S, PR RESE RV O FER, 5
MET750%E, 3-inch &, FEff2Ekrectangular slabs, 3
5 frsheet ABAR . 455 FRTRFN46 H FRTRIE N B EIE
B R AR MR AR ERREAEERARN,
K ElossEFRATHEE T, HEFMERIHR
migrateZ| ATk, ZEPBRRARERIRRN, FE|gain®
HAEAEEE ZHREEAFEILNE FEE R A
R o

35



106 \§ Exercise Unit 4

* In copper electrorefining, the copper from the anode furnace is
cast into 750-pound, 3-inch thick, rectangular slabs called
anodes. The thin sheets of pure copper are used as cathodes.
Forty-five anodes and 46 cathodes are immersed alternatively in
an electrolysis tank filled with an electrolyte of sulfuric acid and
copper(ll) sulfate.

e Oxlidation occurs at the anode, where copper metal Is converted
to copper(ll) 1ons with the loss of two electrons. Then the copper
lons migrate from anode to cathode and gain two electrons (at
that site) to be reduced to copper metal (are reduced to copper
metal with the gain of two electrons). The impurity metals drop
to the bottom of the electrolysis cell and form anode slime.

36



106 \§ Exercise Unit 4

Homework:

Based on literature review and copper metallurgy, describing the

differences and relations between hydrometallurgy and

pyrometallurgy, and pounding the advantages and disadvantages

of hydrometallurgy and pyrometallurgy from the aspects of

energy consumption, environmental pollution and so on.
(300-400 words)



End

@ lecturer: Xiyuan Yang

@ School of Metallurgy and Environment
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