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SUMMARY

The development of cobalt molybdenum and cobalt
tungsten brush plating electrolytes is described.
Their optimum compositions and operating conditions
for commercial applications have been determined.
The effects of composition, pH, applied voltage,
stylus speed and pressure upon deposit composition
and efficiency have been investigated, Transmission
and Scanning Electron Microscopy have been employed
to study the cobalt alloy deposits produced.

Evaluation of the wear resistant properties of
the cobalt alloys developed in this work was carried
out in the laboratory using a pin and disc technique
and a simulated hot forging test, and by industrial
trials involving the '"on site'" plating of hot
forging dies and cold pressing tools.

It was concluded that the electrolytes developed
in this work enabled cobalt alloys containing 6% Mo
or 8% W to be deposited at 17-20V, Brush plated
cobalt deposits possessed a mixed CPH and FCC
crystallographic structure at room temperature.

The application of 13um of either of the cobalt
alloys resulted in improved wear performance in both
pin and disc and simulated hot forging tests. The
results of the industrial trials indicated that by
the use of these alloys, the life of hot forging dies
may be increased by 20-100%. A commercial forging
organisation is using electrolytes developed in this
work to coat dies prior to forging nimonic alloys.
Reductions in forging temperature and improved forging
qualities have been reported. Cold pressing tools
coated with the alloys showed a reduced tendency to
"pick-up" and scoring of the pressed panels. Reports
of a reduced need for lubrication of panels before
pressing have also been received.,
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1. INTRODUCTION

There are two routes which may be followed in
order to improve the life of hot and cold metal
working tools. The most obvious is to upgrade the
specification of die steel from which these are
made, but there are many disadvantages in taking
such a course., Increased toughness and wear
resistance invariably mean more difficult machining
requiring sophisticated equipment with greater
operative costs. A further disadvantage is that
the new material may well prove inferior to the
original die steel with respect to certain properties.
For example, although a more sophisticated die steel
may have an improved tensile strength, its resistance
to thermal fatigue or erosive wear may be poor.
However, in most cases this method of increasing
die and tool life is not a viable proposition on
the grounds of the cost of the more advanced special
steels,

The second method by which wear performance
can be improved is to employ some form of surface
treatment, such that the surface properties are
modified with respect to the bulk material. This
may take the form of treating the existing surface
as for example in nitriding, or the application of

a further new layer as in electrodeposition.



With regard to hot forging dies and cold pressing
tools, the most commonly used technique is nitriding,
but this process suffers from the same disadvantages
as many other thermal processes. As it is diffusion
controlled, a considerable time is required at
nitriding temperatures, with all of the attendant
problems of distortion. There are also severe
limitations on the size of component to be treated.
Thus although carried out on a large scale, nitriding
cannot be considered as a complete solution to wear
and erosion of metal working tools.

Promising results have been obtained by
industrial trials involving the electrodeposition
of cobalt~-tungsten and cobalt-molybdenum alloys on
to hot forging dies. When cobalt alloys were used
containing 4¥ of molybdenum or 8% tungsten, the
die lives were increased by up to 100%. However,
industrial trials were restricted by the size of
component that could be treated, and the reluctance
of forge and die shop management to release tools
which may be urgently required for production.
Hence, a portable plating process capable of 'on
site" deposition of cobalt alloys coatings appeared
to be the answer. Such a technique had existed in
"brush plating" for some time, but there were severe
limitations due to the lack of satisfactory cobalt-

alloy electrolytes. Of the commercially available



brush plating electrolytes, the cobalt alloy
solutions were amongst the least successful, as
deposit thickness was severely restricted due to
high internal stressing.

After consideration of the fundamental require-
ments of a brush plating solution, it was decided
to modify the composition of the sodium heptonate
complexed cobalt alloy plating baths developed by
Stilf?lzrhe cobalt-molybdenum and cobalt-tungsten
systems are of the induced codeposition type and
their unpredictable behaviour was reflected in
some of the experimental results obtained. However
brush plating solutions were developed that enabled
cobalt alloys containing about 6% Mo or 8% W to be
deposited at 17-20V.

Determination of the optimum electrolyte
composition was carried out by means of composition
trials in which the deposits were examined and the
cathode current efficiency for deposition calculated.
The effects of voltage, pll, speed and pressure upon
deposition characteristics were also investigated.,

Evaluation of wear properties of the deposits
were carried out by wear testing utilizing a pin
and disc machine. In addition, experimental hot
forging trials were carried out on the deposits
using a standard laboratory scale hot forging rige.

Comparisons were made between the results obtained



and the wear test results.

A major section of the work involved extensive
evaluation of the coatings developed, by means of
industrial trials carried out "on site'". During
this work, a wide variety of hot forging dies and
cold pressing tools were electroplated in the forge
or tool-room, demonstrating the portable nature of
the process. The practices used within manufacturing
industry made collection of results extremely difficult,
and the results of many trials have yet to be
obtained. This was due mainly to the use of treated
dies for the production of part-orders and hence
tools were still servicable. Throughout the
industrial trials, a variety of die and tool steels
in various heat treated conditions were plated
along with certain cast irons, with few problems.
The treated dies were also used to forge a wide
variety of component materials, from mild steels,
to nimonic and titanium alloys used in the aircraft

industry.



2. BRUSH PLATING

2.1 Introduction to Brush Plating

Brush plating is one of the many names given
to the process in which an absorbent pad is wrapped
around an anode, soaked with electrolyte and rubbed
over the surface to be plated. The process is also
known as selective area, tampon, touch up, swab or
stylus plating. As far as the small area being
plated at any particular instant is concerned, it
is a high speed plating process. Current density
in the conventional sense has no meaning in relation
to this process, and so control is exercised by
means of voltage and ampere hour measurement.
Components can be electroplated without immersion
in a plating vat and selected areas can be plated.
The term '"brush plating'" is not entirely appropriate
since the plating tool is not a flexible brush but
consists of an inert electrode covered with a suitable
absorbent material to hold the plating or cleaning
solution. The inert electrode may be made gither
the anode or cathode in the circuit depending on
the treatment being undertaken. Its polarity would
normally be cathodic for cleaning operations and
etching and anodic for plating purposes. Usually

the total cleaning or plating current employed is



only 5-20A at 10-20v D.,C. The time required to
deposit a particular coating is dependant on the
thickness required, the area to be plated and the
efficiency of the solution. However, the rectifier
capacity necessary is much lower than for conventional
vat plating and in consequence the rectifier unit is
relatively small and portable. A selected area can
be plated with a minimum use of stopping offj the
application of adhesive tape around the area to be

plated is normally sufficient.

. Process Developments

()

Brush plating originated in the "touching
up" of defective deposits applied by conventional
vat plating techniques. If a component left the
plating bath with a passivated area, it was held
against a bus bar, whilst being rubbed with an
¢lectrolyte soaked rag covering a wire connected
to the other bus bar. Thus a repair was made
which enabled the inferior deposit to be corrected
without the need for stripping and re-processing.
Consequently, the conception of brush plating was
originally as a cosmetic aid rather than an
electroplating technique in its own right,

Hughes reportedtl) a further development

into a low voltage technique (6-8V) using solutions
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2.3 Advantages of Brush Plating

Many advantages of the technique have been
listed and examples of its use illustrated by the
protagonists of the proceas(6). The major points
are listed below with particular reference to the

relevance of the technique to the work carried out

on hot forging dies and cold pressing tools.

2.3.1. Touching up of defective electrodeposited

components.,

Defective areas of an electrodeposit can be
readily activated and re-plated by the brush
plating technique. This may be immediately after
plating; or a considerable period later when the
component concerned may be in service and not

readily accessible.

2.3.2. Plating In-Situ

In many instances, it is possible to save a great
deal of time and expense by plating in-situ.

This procedure may be of value where components

too large for conventional bath plating are involved,
as in the case of the plating of large metal working

tools which may weigh several tonnes. It is also



of considerable use in the aircraft industry where
the costly dismantling of precision components

may be largely avoided.

2.3.3. Reduction in cost of stopping off and

benefits of plating selective areas.

When operating a conventional vat plating system,
considerable expense in incurred in the case of some
components in stopping off or masking over areas of
a workpiece on which a deposit is not required.

This is largely due to the labour intensive nature

of such operations. Brush plated deposits, including
mechanised techhiques have been used(h) to reduce the
need for "stopping off". Frequently, as in the case
of hot forging dies, wear only occurs in certain
regions and so it would be wasteful to plate the
complete tool. Repairs of the worn deposit can also

Le made as and when required,

2.3.h. Plating of contaminated components.

Due to the fact that nearly all conventional
vat plating solutions are susceptible to both metallic
and organic contamination, it is desirable to avoid
such problems by selcective brush plating of the component
rather than by immersing it in a plating solution.
Brush plating solutions are normally expendible.
Printed circuit bonrdstﬁ) are sometimes brush plated

to avoid solution contamination from other manufactur-

ing stages.




2.3.5. Joint application techniques,

In some instances, combined techniques of bath
and brush plating can be used. During conventional
plating, passivation may occur in low current density
regions of complex shaped articles. This is
particularly prevalent when alloy plating solutions
are used which are subject to poor throwing power.
Thesq passivated regions can be activated and re-

plated at minimal cost by means of brush plating.

2.3.6. Adhesion.

It has been reported by Rubinstein(B)that
providing sufficient care is taken in preparation
and cleaning, adhesion can be as good or better
than that achieved by equivalent bath plating. It
has also been suggested that on aluminium, chromium
and refractory metals, adhesion may be far superior
to that achieved by conventional vat plating due to
the high current density used in electrolytic
cleaning, followed by immediate deposition of the

required metal.

2.3.7. Hydrogen embrittlement.

Hydrogen embrittlement can be a serious problem

10



in the plating of high strength materials used, for
example, in the aircraft industry. Proprietary

solutions are available which are claimed to facilitate
the deposition of hydrogen free cadmium metal. Sufficient

(7)

work has been carried out on the hydrogen embrittlement
characteristics of brush plated deposits to make them

acceptable to the major American aircraft authorities.

2.3.8. Repair of worn or damaged components.

Burring or scuffing caused by a bearing rotating
in its housing can sometimes be corrected by selectively
brush plating the housing back to size. Dinadale(a)
has reported such an-application using a tin deposit,
as has Bainbridge(g)on the repair of P.V.C. moulding
dies with brush plated nickel, copper, and gold.
Selectrons Inc., have reported similar applicationstio).
Prior to such operations, an anodic dissolution treat-

ment using a similar stylus may be carried out to

remove rough damaged surfaces.

2.4, Disadvantages of Brush Plating.

2.4.1. Labour Intensive Operation.

Considerable expertise needs to be gained in

order to achieve good results by brush plating.

1x



The pre-plating cleaning sequence must be thorough,
hence reliable operators are necessary to obtain
successful results. Manual brush plating is a
laborious time consuming operation even though the
"aeffective" current density at the region being
plated is high. 1In certain circumstances, for example
the plating of cylindrical components, the system
can be mechanised but close supervision is still
required. Even after considering the highly labour
intensive nature of the process, its costs may be
justified when coating expensive components or

after consideration of some of the advaﬁtages listed

above.

2.4.2. Expensive Proprietary Solutions.

Solution costs are high due to the high
concentrations of metal salts used, the incorpor-
ation of relatively expensive complexing agents
and development costs. The solution is not normally
re-used but fortunately the volume of solution
required per unit area is not too great. This is
influenced by the shape of the component being

plated and the coating thickness specified.

2.h.3. Choice of absorbent material for wrapping anode

The traditional material used to wrap the anode has



been long fibre cotton wool. This has low strength

and particularly ou a rough surface is quickly worn
away. The fibres break and become incorporated in

the deposit. Shorting out of the workpiece and anode
may also occur if the cotton wool disintegrates,

The material chosen must be resistant to the solution
employed which may be acid or alkaline. It must be
able to withstand the appropriate solution at elevated
temperature which may be as high as the boiling point
of the solution and it must not contaminate the plating

solution.

2.5, Materials and Equipment.

2.5.1. Special Electrolytes.

Electrolyes developed for brush plating have
a much higher metal content than those used for
conventional plating. This is essential if high rates
of deposition are to be achieved. Since precise
control is difficult when brush plating, the solutions
must be capable of producing a sound deposit over a

wide range of plating variables:-~

Temperature. During plating, the temperature of the

electrolyte in the immediate vicinity of the anode
may reach its boiling point. In these cases where

the boiling point is reached, anode design becomes

13



important, as rapid heat dissipation may prevent

such increases in temperature. Constituents which
may give rise to toxic fumes under such conditions
should be avoided in the make up of brush plating

solutions.

Variable Concentration. Due to the high speed of

deposition, rapid metal ion depletion of the electrolyte
takes place around the anode. The solution should be

capable of reasonably uniform deposition over a wide

range of metal ion concentrations.

Current Density. High and widely varying current

densities are experienced during plating. This is
due to the small area of contact with the workpiece
and the movement of the anode. The solution must be
able to give sound deposits under widely differing

conditions of current density.

Purity. The purity of all of the constituents of
a brush plating electrolyte must be high as even

small amounts of contaminents can reduce cathode

efficiency and increase the likelyhood of stressed

deposits.

Formulations of brush plating electrolytes

which comply with the above requirements are seldom
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published; however compositions of the simpler
single metal electrolytes have been recorded(11)°
Patents covering the formulation of suitable

(12)fo

electrolytes have been granted to Rapids r

(13) (14),

gold, tin-cadmium, lead-indium copper and brass
but these involve the use of soluble anodes as a
supply of metal ions. Bride(ls)has been granted a
patent for a chromium electrolyte as have Nobel-&

(16)

Ostrow for a gold solution.

2.5.2. Anodes.

Early brush plating tools consisted of a metal
anode wrapped with a rag, but eventually this
technique was superseded by the development of
more sophisticated anodes and working tools. Some
of the earlier developments resulted in nylon
bristle brushes with a soluble anode insert but
these gave problems due to intense anode polarisation
at the high currents used. Inert anodes appeared
to overcome this problem with graphite being most
popular as it could be easily machined to a variety

of shapes and sizes.
Commercial carbon anodes were used in early

work but they did tend to become heavily contaminated

with metals such as zinc or copper which resulted in
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For brush plating small or inaccessible areas, the
anodes may be ground or further machined to provide
access.

The earliest method of retaining the electrolyte
was to wrap the anode with an acid resistant cloth
or rag. Subsequently, a large number of materials
have been tried with the object of providing a
chemically inert abrasion resistant absorbent.
For most brush plating purposes, long fibfe sterile
cotton batting is claimed to be most suitable, but
may be difficult to obtain, It is also important
that any ties used to retain the cotton batting should
be of a non contaminating nature.

Other wrappings have also proved successful
such as polypropylene which provides much better
wear resistance and prevents snagging on rough edges.
For particularly arduous conditions, the cotton
batting can be covered with a cylindrical sleeve
woven from polypropylene or 60% polypropylene

40% cotton.,

2.5.3. Power Supply

The majority of brush plating operations are
carried out within the voltage range 8 to 30v,
consequently it is necessary to have a power supply

providing variable voltage regulation over this range.

17



Since in brush plating the current fluctuates rapidly
between zero and a given maximum, (due to the anode
being removed from and replaced onto the workpiece),
ammeters are of relatively little value as a means
of control. Initially, this is achieved by noting
the voltmeter reading. An ammeter may be provided as
a secondary check if problems arise. It should be
noted that the time taken to produce a deposit of a
given thickness can differ significantly depending
on the proportion of time spent passing current
as opposed to replenishing the stylus with solution.
In modern equipment there is usually a facility
provided for current reversal so that the working
tool can also be made the cathode and used for
etching and cleaning as well as plating. It is also
imperative that some form of safety cut-out should
be incorporated so that the current is cut off
immediately in the event of 5 short or break down
in rectification. This precaution protects both

the operator and the workpiece from damage.
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3. ELECTROCHEMICAL ASPECTS OF HIGH SPEED PLATING

The theorectical aspects of fast rate deposition
must be considered with respect to the brush plating
technique, in order to understand the mechanisms
concerned. Consequently the electrochemical require-
ments for high speed plating, together with examples
of how these are achieved in practice, are outlined
below.

When an electrode process occurs at an electrode,
its potential departs from its equilibrium or steady
state value, and the electrode is said to be polarised.
The term overpotential may be used to describe all
effects that result in the departure of the potential
of the electrode from its unpolarised value., Hence,

a change in potential due to concantration(i?) is
referred to as '"concentration overpotential',

On application of an external e.m.f., a current
flows at a finite rate and the potentials of the two
electrodes depart from their unpolarised values.

The potential of the cathode becomes more negative

and that of the anode more positive, and the electrodes
are said to be polarised.Fig'l. Thus, the polarised
potential of the electrdde is due to the overpotential
associated with one or more electrode processes that
are proceeding at the electrode under consideration.

Therefore, polarisation is the departure of the

potential of the electrode from its equilibrium or
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steady state value when a reaction proceeds at a
finite rate. The various types of overpotential
that result in polarisation of the electrode can

be classified as follows:

a) Concentration overpotential - due to the
change in concentration of metal ions in
the vicinity of the electrodes. This
accounts for a considerable proportion of
polarisation at industrial plating current

densities.

b) Activation overpotential - associated with
the processes that occur at the electrodes
which require activation energy in order to
make them proceed. Typical processes involved
include hydration or dehydration of ions,
discharge of ions at electrodes and the
formation of crystals or molecular gases

from adsorbed atoms.

c) Ohmic overpotential - additional polarisation
effects may be caused by the presence of
ionically conducting films, which do not
cause changes in reversible equilibrium
potentials. These effects may be caused by
the oxidation or reduction of organic addition

agents.
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Fige 1

Relationship between E and i for a cathodic and anodic

electrode process.
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d) Iesistance overpotential - due to the I-R
drop across the main bulk of the solution.
The Nernst equation (i) can be used to

demonstrate the effect of concentration on the

deposition processes as follows:-

o §
E = EM7§ + E_;;lnmz"" RN (1)
M z
where:- E = Electrode potential at 25°% (V)

E”= Standard electrode potential at 25°C(V)
1 1

e
i

Gas constant = 8.315 J de C "mol”

F = Faradays constant = 96,486C

z = Valency

a

.

Activity of charged ions in
solution.

Thus, the electrode potential of a metal
in a solution of its ions varies logarithmically
with the activity of the ions in solution,

As metal is deposited, the concentration of
metal ions in the vicinity of the cathode falls,
and on increasing current density approaches zero.
By reference to equation (i), it can be seen that
as the concentration of metal ions approaches zerg,
the potential becomes more negative, and eventually
approsches infinity (P1g.1) 1),

The current density at which this occurs

is known as the limiting current density, and it
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is the raising of this which constitutes the
basis for high speed platinge. Any increase in
current above the limiting current density cannot
result in a higher rate of deposition, as metal
ions have insufficient time to diffuse through
the cathode film. A second process occurs,

usually hydrogen evolution.

(19)

For a diffusion controlled process it
can be shown that

1L = DMz + zFaMz+ -1

x 39 (i1)
(l-t)s E R E E R

where

iL = Limiting current density (A/dmz)

2
D = Diffusion coefficient or MZ*{(cm /S)
ayz+ = Bulk activity of M%*(g ions/1)

S = Thickness of the diffusion layer (cm)
t = Transport number of M%*

z = Valency

From equation (ii) it can be seen that if the
limiting current density is to be raised, with a
resultant increase in the rate of deposition, there
are three possibilities:-

1) Increase diffusion coefficient "D"

2) Increase activity of metal ions "aﬂz+

3) Decrease thickness of diffusion layer "S",
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"D" -~ the diffusion coefficient of the metal
ions in solution can be raised by increasing the temp-
erature of the electrolyte. In brush plating this
is unnecessary as boiling frequently occurs due to
the high current densities involved and the relatively

small volume of solution in use.,

"a" -~ the activity of the metal ions in
solution, may be raised by increasing the metal
ion concentration. An example of this is the Ni
Speed process developed in the early 1960's by

n
(20,21) ) ie a 600g/1 nickel

Kendrick and Watson

sulphate electrolyte was used to obtain sound

nickel deposits at current densities of up to

50A/dm2. High concentrations of metal ions are

also used in brush plating solutions as shown in
(22)

Table I y where values are given for both

conventional and brush plating electrolytes.

'"§" - the thickness of the cathode diffusion
layer can be reduced by vigorous agitation. This
may take the form of electrode movement, air
agitation, ultrasonic vibration, achievement of
turbulent flow of electrolyte over the cathode
surface, or by mechanical scrubbing of the diffasion
layer. In practice, the reduction of the thickness
of the cathode diffusion layer is achieved in many

ways in conventional plating.



TABLE I

Comparison of Metal Concentration of Brush Plated

and Conventional Electrolytes.

Solutions Approx. Metal Conc g/1
Conventional Brush
Copper (Alkaline) 20-50 60
Gold h-12 100
Nickel(Acid) 35-80 100
Nickel(Low Stress) 60-100 70
Nickel(Semi bright) 60-80 75
Rhodium 1.3-2.0 20
Silver 30-95 190
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(23)

In a process developed by General Motors
for the electroplating of car bumpers, an anode-
cathode gap of only 12mm was used to raise the
speed of a pumped electrolyte and thereby achieve
turbulent flow at 4 m/s. Safranek and Layer(ah)
have demonstrated the importance of turbulent flow,
and recommend a minimum solution velocity of 1.25 m/s,
below which lamellar flow occured with less effect
on the diffusion layer. The Norton abrasives
procesa(25-28) developed by Eisner and Wisdom
involved mechanical scrubbing of the cathode
surface during deposition by means of a moving
abrasive belt or particle impingement. Brush
plating can be considered to operate along similar
principles, as the surface of the cathode is
continually being scrubbed with an absorbent,
electrolyte soaked pad, containing the carbon
anode.

In a review on the subject of high speed

n
plating, Hart{“g)

considers the quality of deposits
obtained at fast deposition rates. At sufficiently
high current densities rough and "treed" deposits
may occur, as electrolcrystallisation can take
place perpendicular to the substrate (see Fig. 2).
This occurs as more energy is available, and the

growth of the deposit is not confined to the

direction parallel to the substrate surface.
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Fig. 2

Schematic representation of metal deposition at low and

high overpotentials,
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(30)

Gabe and Robinson have reported this effect

when deposition takes place approaching the

limiting current density. In processes such as brush
plating or the Norton abrasives technique, these
surface asperities may be removed during the
mechanical scrubbing action of the cathode

surface. However in other techniques, employing
different methods of diffusion layer reduction,

the maximum operating current density may be

limited due to deposit roughness.
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4. REVIEW OF ALLOY PLATING

The development of satisfactory electrolytes
for the brush plating of cobalt-molybdenum or
cobalt-tungsten alloys required an appreciation
of the electrochemical principals involved in
alloy deposition. A review of thexelevant
literature revealed a great deal of information
on the conventional vat plating of many alloy
systems, but little on brush plating. Hence
little is known of the effect of conditions
encountered in brush plating on the electro-
chemical aspects of alloy deposition. The cobalt
tungsten and cobalt.molybdenum systems being
investigated are of the induced codeposition
type, and consequently particular emphasis is
given to this classification of co-deposition.
Consideration of the possible effects of brush

plating these alloys is also included.

4.1. Introduction to Alloy Plating

The main reason for producing alloy electro-
deposits is to obtain properties superior to those
of single metals, e.g. strength, hardness wear
resistance or magnetic properties. Replacement
of traditional finishes either due to cost, or

deposit properties, have been discussed by Krohn et

al(31)




Reference is also made to the increasing number of
alloy plating systems being investigated.
Luwenheim(jz) and Gabe(33) have indicated
problems associated with alloy deposition and
suggest that only a few of the large number of
systems investigated have any commercial potential,
as control is difficult even on a 'beaker'" scale,
In some cases, heat treatable alloys can be deposited,
but heat treatment may not be possible due to the
delaterious effect on the properties of the substrate.
A major problem is control of deposit composition.
Alloy plating systems are inherently more complex
and are susceptible to even small fluctuations in
current density, temperature and pH. Commercial
control of alloy systems is further complicated by
replenishment of the metal content of the bath. For
example in binary systems, the two metals must be
added to the bath in the same proportion as they
are deposited. Some of the techniques used for metal
replenishment of plating baths are listed below:=-
1) Alloy anodes of the same composition as the
deposit. This may not be appropriate as the
thermally prepared alloy may not have the same
phrase structure as the electrodeposited one, and
its anodic behaviour may not be comparable to its

cathodic one.
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2) Inert anodes with chemical replenishment.
This system is seldom used, because of the build
up of extraneous ions necessarily added along

with the metals.

3) Anodic replenishment of one metal, chemical
replenishment of the other. This is the technique
used, in the cobalt tungsten and cobalt molybdenum

baths developed by Still.,

k) Separate anodes of the two metals, hung on

the same bus bar. Such systems are seldom practical
as unless the metals are very clﬁse together in the
e.m.f. series it is unlikely they will dissolve

at the same potential.

5) Separate anodes of the two metals hung on
separate bus bars with separate controls. Close

control is possible with such a system but it is

somewhat unwieldy.

6) Alternate use of the two metals as an anode.
One metal anode is hung on the bar, but after a
set period of time removed, to be replaced by an
anode of the second metal. Thus the composition
of the solution oscillates around‘a mean. However
this technique is seldom used as it requires

excessive handling of the anode.
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In brush plating, problems associated with
metal ion replenishment are avoided, as deposition
takes place from a concentrated electrolyte which
is then discarded. Recovery of brush plating
solutions is seldom practised as the quantities
involved in typical brush plating operations are
relatively small and hence make replenishment non-
viable.

Problems of control increase proportionately
with the number of elements in the alloy system,
hence binary alloy deposits have received most

(31)

attention and appear to offer the best prospects

for commercial exploitation.

In most cases, the alloys produced by electro-
deposition can be considered as true metallurgical
alloys as they contain phases which appear on the
phrase diagram relevent to their temperature of
formation. Illowever two exceptions to this rule
concern 60/&05pecu1um deposits from the copper-tin
system and 63/37 deposits from the nickel-tin

(Bh)a

system. Work carried out by Rooksby nd

(35)

Raub and Saulter showed a 60/40 Cu-Sn Speculum

electro deposit to contain a phase not present on
the equilibrium diagram and thermally unstable.

Also thermodynamically unstable, an intermetallic
phase approaching the formula Ni-Sn was reported
by Hooksby(JG) (373

and Smart and Robins when
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investigating 63/37 deposits from the nickel-tin
(38)

system. Fedot'ev and Vyacheslavov have more
recently reported phase structure differences
between thermally produced and electroplated

binary alloys.

4,2, Classification of Co-deposition of Alloys

(39)

Brenner split the codeposition of alloys into

five types:-

1) Regular codeposition

2) Irregular codeposition
3) Equilibrium codeposition
4) Anomalous codeposition

5) Induced codeposition

Types 1-3 are known as normal codeposition
and types -5 as abnormal as from elementary
considerations it would seem that codeposition

of these alloys was not possible.

Regular Codeposition: Deposition is diffusion

controlled and as such the effect of plating
variables on the metal ion content of the diffus-

ion layer can be predicted from diffusion theory.
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Irregular Codeposition: Codeposition is normally

controlled by the characteristics of the potentials
of the metal against the solution rather than by
diffusion. Such solutions contain complex ions,
and are markedly affected by the concentration of

free complexing agents within the bath.

Equilibrium Codeposition: This is not very common,

such solutions are in chemical equilibrium with
both parent metals, and the ratio of the metals
in the deposit is similar to their ratio in the

bath.

Anomalous Codeposition: This type is fairly rare

and contains one or more of the iron group metals
iron,cobalt and nickel. It is referred to as
anomalous as the less noble metal deposits

preferentially.

Induced Codeposition: This type is characterised

by the deposition of alloys containing molybdenum
tungsten and germanium which cannot be deposited
alone from aqueous solution. The alloys most
readily formed are those with the iron group
metals, and the ions present in the bath are
termed inducing metal ions (iron group metal jions)
and reluctant metal ions (molybdenum, tungsten or

germanium metal ions).
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k.3 Theoretical Aspects of Alloy Plating.

(32)

Lowenheim stated two conditions for the
useful codeposition of two metals.

1) At least one of the metals must be capable of
being independently deposited alone.

2) Their deposition potentials must be fairly close

together.

The second condition is of importance as the more
noble metal deposits preferentially and this may

be to the exclusion of the other metal unless

their standard deposition potentials are within
about 200mV of each other.

The e.m.f. Series or table of standard electrode
potentials is a rough guide for deciding whether

two metals can be codeposited from simple salt
solutions. It is important to realise that standard
potentials represent ideal thermodynamic conditions
and do not take kinetic factors into account.
Inspection of the table of standard electrode
potentials would suggest that no metal more electro-
negative than hydrogen could be deposited from
agueous solution, because hydrogen would 'deposit'
preferentially. But hydrogen actually deposits at

a much more negative poteptial because of hydrog