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Example Examples Example
1. Anodizing 1. Electrocleaning 1. Electrowinning.
2. XElectropolishing 2. Electrorefining.
3+ Electroetching 3. Electro plating.
4. Electro Chemical 4. Electroforming.
Machining 5. Electrodeposition
5. Electric Discharge of Mectal
machining. powders,
6. Electrolytic
QGrinding.

Anodic Electrodissolution

Anode in an clectrolytic cell is dissolved in controlled manner
by adjusting operating conditions. The processes based upon clectro
dissolution are given below ¢

1. Electrecleening : In order to have an adherent deposit, the
articles to be clectroplated are finally cleaned by clectrocleaning
methods. Electrocleaning is done by clectrolysis of water solution of
alkaline salt, making the work piece as anode. Cleaniag is cflected by
removal of oil which is done due to scouring effect and mech 2

—_— . : anical
agitations of gases liberated at the anode, dipped in clectrolytic bath

2. Electropolishing : Electropolishing processes
production of a bright reflecting surface on the meta]
trolled anodic dissolution, being carried out in
voltage.

3. Electro-Chemical Machining : 1t is a m
hich metal is removed from electrically conduct

consist of
by its con-
4 given range of

achining process
INg workpicce by
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electrolytic action. This is also controlled anodic dissolution of anode
(workpiece) in an electrolytic cell.

4. Electricdicharge Machining : Electric discharge ‘machining
is based on the principle of removal of metal by spark discharge
between the electrodes, making the work piece as anode.

5. Elecrolytic Grinding : Electrolytic grinding is a combination
of electrochemical machining and abrasive grinding in which metal
removal mainly results from electrolytic action.

The comparative idea of anodic processes can be obtained from
table 1.1.

Cathodic Electro-Deposition

The cathodic processes applied to metallurgy can be mainly
classified into five types.

1. Electrowinning : Electro-winning processes are those in
which the metal is obtained by the clectrolysis of the soluble salts ol

its mineral or more refined compounds, prepared and extracted from
its ores.

2. Electrorefining : Electro refining processes also utilize
the principle of clectrolysis as in electrowinning processes except

that in these processes pure metal is obtained by cathodic deposition
from anodic dissolution of impure metal.

3. Electroplating : In the electroplating prozesses a conti-
nuous and coherent coating is applied to metal articles by principle

of electrolysis to improve its corrosion resistance and surface propar-
. . \
ties or for decorative purposcs.

- 4. Electroforming : Electroforming process arc these processes
in which the articles are produced or reproduced by plating on a
substrate and then the substrate is removed. Electroforming is applied
mainly to manufacture of articles of the complex shape.

5. Electrodeposition of Metal Powders : These processes also
utilize the same principles as in electroplating exczpt that tha
operating conditions arc modified in such a way so s to obtain as

less adherent as possible so that it may easily be removed from the
cathode.

References:An Introduction to Electrometallurgy-By:SHARAN & NARAIN



References:An Introduction to Electrometallurgy-By:SHARAN & NARAIN
& Extraction of Nonferrous Metals-By: H.S.RAY,R.SRIDHAR,K.P.ABRAHAM




B A~ -

P Itage
‘se .cting Hydrogen Over V0 :
M SRETON oltage increases lincarly

Hydrogen over v

/. Current Density : K ¥
- : : ationship.
with current density according to Tafel relati P

’7:0“*‘ b ]Oglo I

: afel line paramec-
where 1 is the current density, @ and b are Tafel p

Tafel constant 4 differs from metal to metal
or less constant to about 0°120

llustrated in Fig. (4.3)

ters or Talel constants.
while Tafel constant b varics more
volt. The dependence of current density |1

WERVOLTACY VolTs

Platinized Pt

nz‘ 1 4 1 i s
O 200 4040 690 g§oo 1000
CURRENT DENSITY-Mamp/cm

Fig. 4.3. Hydrogen over voltaje of various mctals
Hydrogen overvoltage decrcases with in-
In certain cases, it can reduce to zero values
For example hydrogen over voltage on

P

crecasc in temperature.

at higher temperature,

nickel is zero at 90°C.
3. Pressure @ At higher pressure, the values of hydrogen over

voltage changes only very slightly, but at lower pressure, it rises
sharply on copper, nickel and mercury cathodes.

4. Cathode Marerial : The hydrogen over voltage value
varics considerably from one cathodec material to another as shown
in tublc 4.2. It is evident from the table that hydrogen over voltage
can be very high at certain clectrode made of lead and tin. i

5. Cuathode Surface : Hydrogen over voltages js greater on
smooth shining and polished surface than on rough unpolished
: N
surfaces. Shape and curvature of the cathode also effects i c0
. ) l' -
. AIN

gen over voltage.
AM

2. Temperature :



Total Cell Voltage:

Series And Parallel Electrical Circuits In Refining:
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2. Series System

In this system each individual cell contains suspended electrodes
side by side but only the first and last electrodes act as cathode and

anode.
Cathode depositing face

+ -+ e =
+ L S 3 Fe —
' <t ol
Anode plale 1]+ e + —J*[~ Cathode plate
i

Ahode dissolving
Fig 22.4. Scries System of Electrodes

Rest of the clectrodes act as bipolar, one side as cathode and
the other as anode.  When current passes through the clectrolyte,
the intermediate electrode anode side gets dissolved and pure copper
1s deposited on the other side. To prevent adherence, the side recciv-
ing copper is coated with graphite. The intermediate electrodes are
suspended by copper links from iron buars, but these bars make no
clectrical contact.

Advantages, Disadvantages of Scries System

Advartaoes
(/) Less power is consumed in cach tank for an cqual

number ol clectrodes so that there is smaller loss of
clectrical energy through joule effect and smaller amount
of copper is required for current distribution net work.

(/i) Nlost of the tank and clectrical connections are reduced
or climinated. ‘

(iif) Thc scrics system requires less tank room space for a
given out put because the tanks may be placed closer
together and there are more clectrode in cach tank.

(v) Smaller distance between the clectrodes offers the fol-
lowing advantages.

IN
& Extraction of Nonferrous Metals-By: H.S.RAY,R.SRIDHAR.K.P.ABRAHAM

(@) Decrease in ohmic resistance of the electrolyte.
(b) Decrease in the quantity of electricity.



Aqueous And Fused Salt Electrolysis:
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electrolyte. Consequently, the power'coani‘um[; ; o
is'usually about one-fifth of that required for electrowinning. s o
In Cl)llapter 2, it has been shown that during the actual electrolytic process, the potential at an

electrode deviates from equilibrium due to the effect of the activatic.m overpotential and the con-
centration overpotential. In fact, in practice, no deposition or solution pro_cess can-proceed at the
reversible electrode potential of the system. Hydrogen evolution on a platinized platinum electrode,
however, comes close to equilibrium conditions.

The electrolytic behaviour of metals is mainly of two types. Normal metals, when immersed
in their salt solutions, rapidly establish a reversible potential. Since the activation overpotential
is low, the displacement behaviour exhibits a good correlation with the electrochemical series of
standard electrode potentials. Examples of this type are, Cu, Zn, Ga, Cd, Sn, Au, and Bi. These
metals are deposited with a high current efficiency. Some other metals, for exam ple, the transition
metals, are deposited with a high activation overpotential and a low current efficiency.
prac’It‘ih; lhigzzfe:fo;;;\;zltage decreases as the temperature and thc;: current density increase. The

gen overvoltage, as already pointed out, is to make possible the electro-

winning of metals such as zinc which because of the hyd i i
. ; 2 ydrogen overpotential, do not displace
hydrogen from an acid solution as long as the current flow is maintainerc,i . -

Some typical operational data for the electrowinnin
¢ and elec i i
aqueous solutions are given in Tables 4.4 and 4.5, g Leitn ol el S s

ANODIC DISSOLUTION OF METAL SULPHIDES

The anodic dissolution of metal sulphides in an aqueous mediu
attention recently. The reaction at a sulphide anode in an aqueous

MS - M?+ 4 S + 2e.

m has received considerable
electrolyte js

Sulphide electrodes can be made from mattes Commercial
: ; : lant
of nickel sulphide are presently being operated successfuuy,p " based on the anodic dissolution

ELECTROLYSIS OF FUSED SALTS

The emf series—in which the electrode potentials are arranged with respect to the potential of
the standard hydrogen electrode—indicates that the metals placed above hydrogen should not
normally be amenable to electrolytic deposition. Nevertheless, due to polarization phenomena,
some metals, although placed above hydiogen,.become stable in aqueous solutions during the
passage of a current. However, the polarization phenomena can be exploited only in the case of
metals up to manganese. Metals placed above manganese are too reactive to be produced from
aqueous solutions, and are produced by electrolyzing water-free fused salt mixtures.
Theoretically, any metal can be obtained by the direct electrolysis of one of its salts, for
example, a pure halide. In practice, however, it is often advantageous to dissolve a compound
such as a halide in a mixture of more stable halides such as sodium chloride and potassium
chloride. This procedure improves the conductivity of the melt, lowers the melting point of the
medium, and reduces the possibility of dissolution of the metal in the salt.
~ Operations in high-temperature media such as molten salts have some distinct advantages,
for example, a reactive metal may be readily obtained in the absence of hydrogen ions. The
conditions are favourable for attaining a more complete heterogeneous equilibrium because all
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the reactions are accelerated. The metal produced, if molten, may be easily rem@
on molten metals are often small enough to allow high current densities and, -
~ throughput. Further, at high temperatures, diffusion rates are high and, therefore
electrorefining processes, impurities can be transferred from the anode to
purify the metal. In such processes, only very small amounts of metal imp
ferred electrochemically. « _ L
- The use of high temperatures, however, has some disadvantages too
~ due to the increased possibility of side reactions taking place, for )
~ of electrolysis and the electrodes. In most molten salt electrol.
~is graphite, which leads to formation of CO and CO,, unles
‘O may diffuse through the melt or the gas phase to rea
, affecting its mechanical properties. '
~ In most fused salt electrolytic proc

(1) Mechanical losses (handling losses) of the substances formed at the electrodes, Thege
losses can be minimized by using improved operational techniques.

_ (2) The evaporation of the metal from the cathode. This may take place during the electro.
Iytic liberation of sodium from fused sodium chloride because the operating temperature would
be close to the boiling point of the metal. The problem can be solved by dissolving the sodium
chloride in a suitable medium to form a low melting mixture, thus lowering the operating
temperature,

(3) Chemical side reactions. The unwanted side reactions can be controlled by choosing the
proper electrolyte and using a lower operating temperature,
~ (4) The formation of lower valency compounds at the cathode. For example, in the electro-
lysis of SnCly, in the initial stages, tin reacts with the electrolyte to form SnCl,, and the cathode
current efficiency is zero. In most instances, the melt is soon saturated with the lower valency
compounds, and after a while, the metal starts depositing on the cathode.

(5) The formation of higher valency compounds at the anode. This reduces to zero the
anode current efficiency in the initial stages of electrolysis. For example, during the electrolysis of
SnCl, in the initial stages, the chlorine liberated at the anode reacts to produce SnCly. However,
after some time, the melt becomes saturated with SnCly, and further reaction would cease.

(6) The dissolution of the metal in the fused salt. This drawback can be eliminated to a
great extent by dissolving the metal salt in a more stable salt to form a relatively dilute solution.

(7) The recombination of the electrolysis products with the original salt. (This problem
assumes serious proportions in the production of reactive metals such as magnesium. During the
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£22.2)

3 (223}

[ 'm a large concentration due to lower clectric

Jﬁ .1) and (22.2). However, equilibrium is set
‘,'_ Cu™ in the presence of metallic copper,

D (22.4).

“-?‘2Cu+ (22.4)
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It increases the conductance of the bath.
ii) It diminishes the electrode polarization of electrodes.
- It increases the rate of chemical corrosion of anode.

: This,increases the copper content in electrolyte.
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Electro Refining Of Au:

: that come for refining, including
cyaaide preclpltate slimes from the

metals, silver and platinum group
. the method to produce gold from
Common process of electrolytic

cess which makes the use of impure
rochloric acid as clectrolyte.

(22.27)
(22.28)
(22.29)
e addltlon of small
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Nodification

Anode containing 10-202{ impurities which must -howewi‘e';'-_».
mainly silver can still be refined electrolytically by superimposing
alternating current on direct current. The alternating current m
have low frequency and intensity about 10727 greater tha.n of di
.urrent so as to obtain periodic and asymmetric i1inversion of 33
curre The amount of power consumption
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from the exhausted electrolyte by treatment

<d Pd by the addition of ammonium chloride.
£22.31)

is
. Palladium, if present, is removed

2N H ,,C1— (NH,),PtCl,+2H
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) High finish alloys for jewellery and automotive applica-

oint (2270°C) and high reactivity,
he methods normally employed for

the refining of other metals such as controlled oxidation, distillation

etc. Electrorefining is therefore, most common method.
um is done by fused salt electro-

The Refining of crude alumini y :
lysis with soluble anodes similar to the electrolytic refining of metal.s
in aqueous electrolyte. It is carried out in a cell with three hori-

‘zontal layers.
1. Bottom layer or Anode Layer : The specific gravity of this
luminium alloyed with

layer is maximum and consists of impure a
density greater than that of electrolyte. This

copper to make the
and therefore also called as anode layer.

Jayer serves as anode
2. Middle layer or Electrolyte layer : This consists of an electro-
fluorides and chlorides. The composition

ific density lies between that of anode

(iii

tions.
Owing to its high boiling p

its refining can not be done by t

lyte consisting of anhydrous
is so adjusted that the spec

layer and pure aluminium.
3. Top layer or Cathode Layer : Floating on the top is a layer

of aluminium which seives as cothode.
When current is passed, aluminium ions travel to the cathode
through the electrolyte where they deposit as metallic aluminium.

The reactions may be expressed as follows.
At Anode : Al (iig) —3e—>Al3+

At Cathode : AI*43e— Al (i)
Theoretically the voltage requi

- quired to transfer alumini
anodc.: to.catgode is of the order of only a few milli voltqlnl;;lm from
polarization at anode and cathode of cell and poor‘c':ondow?v?r’
of the electrolyte makes it necessary to maintain the cell uctivity
about 5 to 7 volts across the cell. S Yoltase of

> 'The‘ purity of depositing Al exceeds 99.99%/. M

positive impurties cannot lcave the anode as 13;1 Oreh electro-

i B 3 as
contains enough aluminium. The more elcctronegaive itmc anf)de
purties,

however, enter into the clcctrolyte from the anode but ¢ :
as long as the concentration of aluminium in the elf:tnolt deposit

s IS 1 = e
even at cathode is high, because their deposition potcntia? _ytﬁ_ ahnd
- IS higher

than that of aluminium.

Bl e Nt B BN N e m T -

The purity of metal depends upon the differences in the densi-
(R CHREOS (SRNGAP ) W ot e R R I T

L. g A A b S BT 2. 11 VR R, 40

AIN
1AM
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