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CHAPTER-4

ELECTRODEPOSITION OF ALLOYS 

4.1 Introduction :
Although metals are highly valued in the pure state, 

they are usually not strong enough to satisfy the demands of 
structural and mechanical engineering. However, if the metals 
are judiciously alloyed, we get materials with requisite 
properties to overcome the above difficulties of the present 
day. Also, codeposition of metals results in an appreciable 
reduction in metal cost. Now-a-days, alloys can be used for 
decorative purposes, in view of their special and variable 
colour effects.

Alloy is a metallic solid containing two or more different 
elements, at least one of which is a metal.

Characteristics of alloys t

1) Hardness and strength : Alloys are generally stronger than 
pure metals. For example, the addition of 136 carbon increases 
the tensile strength of pure iron by ten times. Addition of a 
little arsenic makes lead so hard that it is used for bullets.

2) Electrical conductivity : Alloys are generally poor conductor 
of heat and electricity as compared to pure metals. For example, 
presence of even traces of inpurities in copper reduces its 
conductivity to a large extent. That is why copper is purified 
to 99.9996 for use as electrical conductors.

3) Resistance to Corrosion : Alloys are generally more resistant 
to corrosion. For example, pure iron is rusted even in moist air 
whereas stainless steel, an alloy of Fe with Cr is even acid
proof. 8674
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4) Melting and boiling points : Melting and boiling points 
of an alloy are generally lower than those of its constituent 
elements. For example# the melting point of 'solder'# an 
alloy of Pb an^Sn is much lower than those of Pb and Sn.

There are number of methods for the manufacture of alloys; 
as follows :

1. Fus ion
2. Electro - deposition
3. Reduction method
4. Powder metallurgy

Electrodeposition of metals and alloys is the purpose 
of the study,.He re electrodeposition consists in simultaneous 
deposition of the component metals from the electrolyte 
containing their solution mixture by passing electricity.
For example, brass is obtained by the electrolysis of a 
mixed solution of copper and zinc cyanides dissolved in 
potassium cyanide.

Theproblems arising in the deposition of alloys are 
the composition of the solution, the choice of electrodes 
( anodes in particular ) and the conditions of operations 
in order to secure the required composition in the deposited 
alloy. The chemical equivalent of the two constituents 
influences their proportion in the deposit# so the solution 
will not necessary contain the alloy constituents in the same 
proportion as that of the required alloy deposit. Further
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anode and c'athode efficiencies are not likely to balance 

and this leads to variation in the composition of the solution. 

To avoid this insoluble anodes are used.

4.2 : Simultaneous deposition of Metals s Simultaneous

discharge of cations ;

In order to deposit two metals simultaneously at a 

cathode it is necessary that the two metals have same deposition 

potentials. This means that the concentrations of the two 

ions in solution must be so adjusted that the potentials of 

the two metals* which are different* are brought together.

Such adjustment is usually not possible with solutions of 

simple salts of the metals* it is possible by converting the 

metal ions to conplexes. { M & P )

If a solution contains two cations* there is a possib­

ility that simultaneous discharge may occur; this problem is 

very interesting in the electrodeposition of alloy. But 

this problem is also very important in the deposition of 

single metals* since aqueous solutions always contain hydrogen 

ions. Were if not for a variety of complicating factors, 

such as the influence of one metal on the deposition potential 

of the other* the situation would in principle be relatively 

simple* provided the discharge potentials of the two ions 

were the same* simultaneous deposition u/ould occur.
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For example# the reversible potential of a metal 'A* 
in a solution of its ions of activity aA+ , i.e. of the 
electrode A, A+, would be given by

e“ba - -rf? ln 3a + U)

and the theoretical discharge potential E dis is equal to -E i.e.
.o , R T In aA + ---- (2)E dis. = a af

In order to obtain the actual discharge potential# it is 
necessary to include the over voltage 'WA'# and so it follows

that

S dis WA + R T In aA+ (3)

If the solution contains two cations# one of which may be 
the hydrogen ion# then provided there is no interaction in 
solution or in the deposit# simultaneous deposition will 
occur when the two discharge potentials# e.g. of A and B# 
become equal# that is# when

WA + R T
ZAP In aA+ Bt B

-g
B

(4)

The subject of simulatenous discharge may be divided into 
two aspects, e.g. first when it is desired to deposit two 
metals simultaneously# e.g. in alloy deposition# and second# 
when simultaneous deposition is to be avoided# e.g. in 
electroanalytical work*
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An examination of equation (4) shows that there are 
in general, three ways in which the discharge potentials ^ 

of two cations may be brought together : (a) if the standard 
potentials are approximately equal and overvoltages are small 
(b) if the standard potentials are different, but the over­
voltages vary sufficiently to compensate for this difference, 
and (c) if the differences in reversible potential and over­
voltage are compensated for by differences in activities 
(concentrations) of the ions.

4.3 : Influence of plating parameters in Alloy Deposition :

Independent parameters in alloy deposition, as in all
deposition, processes are current density, temperature,

pH
agitation, /.and concentrations of bath constituents. Normally, 
these must be more properl^:ontrolled in alloy plating than 

in single metal plating, because it is likely that a change 
in any one will affect one metal more than the other and 
thus changes the composition of the alloy. Exact effects 
can be determined only by experiment. Current efficiency, 
addition agents, base metal, throwing power and anodes have 
a prominent role in alloy deposition

Many alloy deposition baths ( i.e. simple and complex,
organic solvent baths ) are possible,
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4.4 Electrodeposit lean of Nickel - Zinc Alloys :

Zinc was used as a constituent of brass for 2#OOP years 
before being recognized as a separate element* Zince is divalent 
and amphoteric. The metal is slowly oxidized in air moisture*
It reacts with mineral acids and at elevated temperatures with 
the halogens. It also reacts with potassium hydroxide or sodium 
droxide forming zincates together with evolution of hydrogen.
Zinc forms a complex ion with excess ammonia*

Zinc (as metal) is used for numerous purposes. The major 
use is in galvanizing i.e. coating ( Hot dipping ) of various 
iron and steel surfaces with a thin layer of zinc to retard 
corrosion of the coated metal*

About 35% of the world production is used to protect 
iron and steel. Various processes are important commercially 
: hot dip galvanizing in which objects are imnersed for a 
short time in baths of raoletn zinc. In all cases# the 
protective zinc layer is partly alloy with the ferrous 
substrate# and adheres very strongly.

The aim of the present work is to make an attemp for 
systematic# exhaustive and quantitative study on electro­
deposition of binary alloy of Nickel and Zince and to 
establish optimum conditions to obtain the best quality deposit.

Howver good quality deposits were reported from 
ammonical bath containing Nickel sulphate# Zinc sulphate 
boric acid# Glucose. The current efficiency of the process 
is not high.
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The influence of the following parameters are studied 
in details to establish the optimum conditions under each 
system.

1) Composition of the bath (Electrolyte Concentrations).
2) Temperature.
3) Current density
4) Duration of electrolysis
5) Electrode distance
6) Addition agents.

With the help of certain addition agents# we have 
succeded in obtaining alloy deposit of high quality and 
properties which may bring about a radical change in plating 
industry. Considering increasing cost of noble metals# 
inclusion of silver or gold in traces in the solution has 
evolved a new method of obtaining an alloy deposit.
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SUMMARY

: NICKEL - ZINC SYSTEM 9 OPTIMUM CONDITIONS ) :

The influence of the Physico-chemical factors upon 

the nature and magnitude of the Ni-Zn alloy deposit has been 

shown in the previous Table Nos. 9 to 17 and graphically in 

Pigs. 9-17. The ranges over which parameters were studied 

and optimum conditions arrived at any experiments are summerised 

below :

Parameters studied and Range Optimum condition

1 Composition of the bath
a) Concn. of Nickel Sulphate 
5-35 gms per 100 ml of the 
solution.
b) Concn. of Zinc sulphate 5-35 
gms per 100 ml of the solution.
c) Concn. of Ammonia 10-35 ml 
per 100 ml of the solution.
d) Boric acid, 1-5 gms per 
100 ml of the solution.

20 gms per 100 ml of 
the solution.

15 gms per 100 ml of 
the solution.
2.0 ml per 100 ml of the 
solution.
3 gms per 100 ml of the 
solution.

2. Current density, 1 to 4.2 gmps. 
per sq.dm.

3. Temperature 15° - 55°c.
4. Duration of Electrolysis 5.-30 

minutes.

2.4 amps per sq.dm.

35° C •
20 minutes.

5. Electrode distance 1-5 cms. 3 eras.
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4.5 Results & and Discussion C/4.9 - 4.17 : Fig. 4.9 - 4.17 )
Nickel - Zinc Alloys.
The effect of different variables on the composition of 

the deposit# cathode current efficiency (QCB) and the nature 
of the deposits is described below *

1) Effect of Nickel Sulphate concentration
(CF Table 4.9. Fig. 4.9)

Nickel sulphate concentration was varied from 5 gras to 
35 gms. per 100 ml. of the solution. When the concentration 
of Nickel in the bath was increased# its content in -the deposits 
also increased to some content. Increase of electrolytic 
concentration furnishes more metallic ions and consequently 
increases the rate of nuclei formation and reduces the evolution 
of hydrogen at the cathode. This results in a uniform# fine 
grained and smooth deposit with greater efficiency. Higher 
nickel content in the bath produced dull white# unsatisfactory 
deposit. Similarly at low concentration of the nickel# the 
deposits obtained were nonadherent. Zinc content in the deposit 
decreased with increase in the concentration nickel sulphate.
CCE of nickel increased from 25% to 38% while that for zinc 
decreased proportionately. The optimum condition for nickel 
sulphate concentration was 20 gms per 100 ml when the deposits 
obtained were adherent and uniform.
2) Effect of Zinc Sulphate concentration (CF Table 4.10#Fig.4.10)

The concentration of zinc sulphate was changed from 5 gms. 
to 35 gms. per 100 ml of the solution. The zinc content in the 
alloy deposit was increased from 24% to 31%. This increases in 
the zinc content was followed by a consequent increase in the
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efficiency upto 15 gms. of zinc sulphate# after which the 
efficiency practically remained constant. Hie nickel content 
in the alloy deposit as well as its CCE, in general, decreased
with increases in the concentration of zinc sulphate. The

•as
deposits obtained at lower as well^higher concentration of 
zinc sulphate, were nonadherent and black. The optimum condition 
selected was 15 gms per 100 ml of zinc sulphate.

3) Effect of concentration of Ammonia :
( CR Table 4.11, Fig. 4.11 )
Ammonia mainly acts as the solvent. The amount of Ammonia 

has been varied from 10 ml to 35 ml per 100 ml. for low concentra­
tion range the deposits obtained were nonadherent. The quality 
of deposit improves at 20 ml of Ammonia per 100 ml. However# 
above this concentration of Ammonia dull deposits were obtained.
The optimum condition was obtained at 20 ml of Ammonia per 100 ml.

4) Effect of concentration of Boric acid :
( CF Table 4.12, Fig.4.12 )
Boric acid has marked effect on the nature of the deposit 

and especially on CCE. As concentration of Boric acid was 
increased the total CCE was also increased. Hence the effect of 
boric acid was studied, using concentration between 1 gra to 5 gms 
per 100 ml of the solution. Bright# uniform and satisfactory 
deposits were obtained at 3 gms per 100 ml. The deposits became 
dull when the concentration was further increased. The metal 
content as well as CCE increased with increase in the concentration 
of boric acid. The optimum condition for boric acid concentration 
was 3 gms per 100 ml.
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5) Effect of current density :
•HMMMMMIMMaaaMHMHMWMWMMMBlB

(GF Table 4.13, Fig.4.13)

Increase in current density normally tends to increase the
*proportion of the less noble metal in the alloy deposit. Sane 

addition agents may reverse this generalization# by having more 
effect on the polarisation behaviour of one metal than on the 
other# The extent of the change is normally greater in simple 
salt solutions than in complex solutions#

Using a bath of optimum composition# current densities 
varing from 1 to 4.2 amps# per sq.dm, were studied. In the 
lower region of current density (1 amps per sq.dm.). The deposits 
were nonadherent and black, but with an increase in current 
density upto 2.4 amps, per sq.dm, more shining# uniform and 
adherent deposits were obtained. Above this current density# 
the deposits turned black and showed burning effect. At higher 
current density the deposit becomes loose# especially at the 
edge due to the metal ion concentration near the cathode and 
evolution of hydrogen. In general the weight of deposit and 
total CCE increased with increase in current density. The 
optimum condition for current density was 2.4 amps per sq.dm.

6) Effect of Temperature t
(CF Table 4.14 and Fig. 4.14)
The temperature range studied was 15° - 55°c under optimum 

conditions of the composition and C.D. It was seen that# the 
quality of deposit improved on raising the temperature to 35°c 

and then decreased with further rise of temperature. Increase of 
temperature on one hand favours diffusion and tends to produce a
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fine grained uniform deposit# but on the other it increases the 
rate of crystal growth# decreases the hydrogen over voltage# 
favouring evolution of the gas and causes the precipitation of 
basic salts# resulting in a coarse# poorly adherent and dark 
deposit. At mode rate temperatures the influence of the former 
factor is predominating while at higher ternperatures letter 
ones are increasingly operative. Zinc content in the alloy deposit 
and CCE increased slightly# while the Nickel content in the alloy 
deposit and its CCS decreased proportionally with an increase 
in the temperature# usually tends to decrease the proportion 
of more noble metal in the alloy plate. However# the variation 
being very small the point need not be stressed further.

7) Effect of duration of Electrolysis s 
(CP Table-4.15 and of Fig. 4.15)
At the optimum composition# current density and temperature# 

the duration of electrolysis was varied from 5 minutes to 30 - 
minutes. The cathode current efficiency of the deposit was found 
to increase from 31% to 41% over the whole range of duration 
studied. The metal contents both Nickel and Zinc increased in 
general with increase in the duration of electrolysis. The nature 
of the deposits# were found unaffected for different periods# 
except at 5 minutes nonadherent deposits were obtained. At 20 
minutes the deposit was bright# uniform and adherent# hence 
optimum condition for duration of electrolysis was obtained at 
20 minutes.

8) Effect of distance between electrodes *
(CF.Table 4.16 and Fig. 4.16)

The distance between cathode and anode was changed between 
1-5 a ms. It was noticed that the character of the deposit was
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not affected to any appreciable extent# either qualitatively 
or quantitatively# excepting that the cathode current efficiency 
tends to decrease with increase in the distance between cathode

n
and anode. At 3 cm distance between electrodes gives fine deposit*

9) Effect of addition agents :
(CF. Table 4.17 and Fig* 4*17)
The addition agents listed in Table 4*17 were introduced 

singly to the bath under the optimum conditions and the effect 
was studied. In presence glucose# gum and urea the quality of 
deposit was considerably improved and bright white# smooth 
adherent deposits were obtained* The deposits obtained in presence 
of glucose was bright# adherent and uniform*

It is well-known that even small quantities of certain 
substances added to a depositing solution markedly influence# 
the structure of the resulting deposit* These are called as 
addition agents. Most of them are colloidal in nature and they 
form disperse system with the electrolyles. They produce beneficial 
change in the character and structure of the deposit. Small 
quantities of colloidal addition agents may cause the metal to 
collect as very small crystals and produce smooth uniform and 
adherent adherent deposit. Also# current density on the cathode 
surface is never perfectly uniform.


