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SYNOPSIS

A review has been prepared of the history of bearings, the different
types of bearing 1in wuse and their main characteristics and
properties., Plain bearings have been reviewed in some detail with
emphasis on the overlay and its design, application and performance
characteristics. A brief summary of alley plating 1in general
introduces & detailed review of lead-tin, cadmium-tin and lead-cadmium

alloy electroplating.

The electrodeposition of lead-cadmium alloys has been investigated
using three different electrolytes. The electrolytes, based on
sulphamates, fluorosilicates and fluoroborates were investigated using
a small cell. Various plating parameters were altered in order to
find the optimum conditions for plating a lead-cadmium alioy of known
composition. The fluoroborate electrolyte was studied further using a
large cell in which several half shell bearings were plated for

mechanical and corrosion testing.

!
i

The electrolytes based on sulphamates and fluorosilicates showed some
potential as a solution for-plating lead-cadmium alloys but only the
fluoroborate showed sufficient potential  to warrant  further
investigation to- the extenﬁ where a possible viable commercial process

could be developed.
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1. INTRODUCTTION



Bearings are of great antiquity and the Egyptian tombs contain
pictures of chariots from which it is obvious that the artists
were fami]iér with wheeled vehicles, which of necessity had
bearings even though of a primitive kind 1, The invention of the
wheel gave rise to a necessity for bearings and today theée is
scarcely a aspect of life into which they do not enter in some

form,

The first bearings were probably made of wood. It is a well known
fact that ancient man moved large blocks of stone on rows of logs,
the earliest form of roller bearing and before that sledges were

used, a form of plain bearing.

With the invention of the wheel, selection of materials for
bearings become important. The main function of a bearing is to
transmit & force between two components of a machine with a
minimum of power loss while allowing relative motion and providing
some type of location between them. To meet these requirements,
the bearing material has to be carefully chosen. Long ago it was
found that one of the best woods for bearing was Lignum vitae 2
because of its high density and resin content. In later bearings,
the wood was lined with iron, brass or bronze, leather or a fibre
of some kind, It was not until the end of the eighteenth century
that speéial alloys were introduced for bearing surfacgs.
Babbitt 3 patented the first use of an alloy containing 8 9% tin,
8-9% antimony and 1.8% copper as a lining alloy. According to
Cherpj 4, the best alloy of this type was that containing 83% tin,
11% antimony and 6% copper, this has since been modified

considerably.



The main impetus for the development of bearing technology was the
introduction of the engine, in its earliest form as the steam
engine and later the petrol and diesel engines. At the present

day, there are many types of bearings. The form of bearing which
can be wused in any situation is determined by the relative
movement required in the situation, the Tload and the type of
constraints which have to be applied to it 5. Some examples of
relative motion between components and the constraints applied are
shown in Table 1. To meet these differing demands, three main
technological approaches have been developed, i.e. soft metal
bearings, hard metals hydrodynamically 1lubricated, and ball or
roller type bearings. The first named have particular virtues of
wear, corrosion resistance and seizure resistance combined with
plasticity which can tolerate misalignment and absorb. particles

which would otherwise wear,

Traditionally the tin-based white metals, (Babbitt metal) have been
the basic soft meterials, but although these are excellent in
terms of seizure resistance and softness, they do possess serious
limitations, the wmost serious of which is the rapid fall in
fatigue resistance with temperature rise. As a result of this and
the continued uprating of engines, it has been necessary to
produce metals with improved fatique and wear properties, At the
present time, these metals are principally alloys of copper-lead,
aluminium-tin or aluminium-silicon and although may of tHem are
suitable for direct use in engines, it 1is necessary in many

instances to overlay them with a softer alloy which has properties



more akin to the white metals. Such alloys of thickness normally
about 25 um consist usually of lead-tin, lead-tin-copper or lead

indium and are conventionally applied by electrodeposition.

The demands of high performance have shown that the corrosion
resistance of the overlay to standard 1lubricants can become a
limiting factor in the Tlife of the bearing. The engine bearing
environment is oil at a temperature in the range of 70 - 1700C.
At the upper end of this range, a typical engine oil will suffer
breakdown of the antioxidant additives. Oxidation of the o0il
occurs in consequence and the overlay will become subject to
corrosion attack by the acid and peroxide content created 6.

Furthermore, in recent years, because of fuel shortage and cost,
attempts have been made to use heavier fuel o0ils and to run
standard lubricants for longer periods in engines; these oils are
often highly contaminated and corrosion can become a serious

prablem.

The development of a more corrosion resistant overlay is essential
if existing fuel supplies are to be used more effectively.
Preliminary work at Glacier Metal Company Limited suggested that a

lead-cadmium alloy may provide such an answer,

This thesis reviews the types of bearing in use and their main
characteristics and properties., Plain bearings have been reviewed

in some detail with emphasis on the overlay. A brief summary of



alloy plating in general introduces a detailed review of lead-tin
and lead-cadmium alloy electroplating.

The practical work reported consists of an finvestigation of
lead-cadmium alloy plating using three different electrolytes.
The electrolytes, based on sulphamates and fluorosilicates were
investigated using a small cell. Polarisation data was obtained
under the influence of various plating parameters. Conductivity
measurements were taken and the optimum conditions for plating a
lead-cadmium alloy of known compositioh were found. The
fluoroborate electrolyte was studied using both the small cell and
a large cell in which several half shell bearings were plated for
mechanical and corrosion testinag. E]ectré&igrographs of the
electrodeposited alloy were prepared and some electron diffraction
and electron microprobe analysis of the lead-cadmium

electrodeposit has been reported.

The results are discussed in detail with a view to developing an
industrial process by which plain bearings can be overlay plated

with a lead-cadmium alloy.



2. BEARING TYPES



2.1

A bearing is a mechanism which allows loads to be transmitted
across surfaces which move relatively to each other. Such

mechanisms fall into the following categories 7,

Rolling Mechanisms

Roller bearings are used for very high speed operation or where
frequent stopping and starting is usual. High strength steels are
used to produce the balls which carry the load by point contact or
line confact for rollers. A 1% carbon, 1% chromium steel EN31
hardened and tempered at temperatures upto 120°C to give a

hardness of 600 to 650 V.P.N. is used almost exclusively.

In certain applications, other steels with a high surface fatigue
resistance are also used such as case hardened steels. For high
corrosion resistance, the chromium content may be increased to 18%
and with the addition of cobalt or the use of high speed tool
steel, the dimensional stability and high temperature hardness is

increased,

The balls are produced by closed die forging of blanks and the
races, manufactured from similar materials, are machined from rod
or tube, Needle bearings fall into this category and are usually
manufactured of similar materials. A typical selection of roller

bearings are shown in Fig 1.



2.2

2.3

Sliding/Rubbing Mechanisms

Self-Tubricating or inherently low friction materials generally
fall into this category, such as carbon and P.T.F.E. Metals in
the absence df lubrication are restricted to very low loads and
speeds. Lubrication extends the use of rubbing mechanisms, the
lubricants normally consisting of long chain molecules which are
absorbed onto the bearing surface. The applications of
sliding/rubbing mechanisms cover a very wide spectrum. Bearings
may range in size from miniature instrument bearings, supporting a
few grammes to bridge supports carrying thousands of tonnes.
Other applications include gears, machine tool slideways, piston
rings, seals and sliding electrical contacts 8, Several types of

plain bearings are included in this category (Fig. 2).

Fluid Films

These types of bearings can be divided into several categories
depending on the type of lubrication employed - o0il, grease,
water, gas, etc. or mode of operation - hydrodynamic, hydrostatic,

mixed or boundary.

The most common bearing is the hydrodynamic type in which the
ftuid film is self generated. There js some incompatability of
bearing material property requirements and a compromise muét be
reached. During start-up when the fluid film has been generated,
boundary 1lubricating properties are required and the strength of 4

the bearing material imposes load limitations.



A

As the surfaces move relative to one another, a hydrodynamic wedge
is generated and a pumping actibn may be generated within the
bearing itself 9. During running, when the fluid film is fully
developed, the film thickness imposes Timitations and
conformability and embedability are amongst the necessary material
properties. Others are strength, fatigue strength and high

melting point.

The first choice materials for this application are the white
metals, alloys of Tead and tin, Limitations on the use of white
metal bearings are their load - bearing capacity, an upper
temperature limit of approximately 140°C and in some applications
a lack of chemical resistance. Alternative materials are silver
for resistance to chemical attack and copper alloys, such as
phosphor-bronze and copper-lead for higher temperature and higher

strength applications.

In a hydrostatic bearing, the surfaces are separated by a film of
lubricant supplied {externally) under pressure to one or more
recesses in the bearing surface. 1If the two bearing surfaces are
made to approach each other under the influence of an applied
load, the flow is forced through a smaller gap. This causes an
increase in the recess pressure. The sum of the recess pressure
and the pressures across the area surrounding the recess, build up
to balance the applied load. The ability of a bearing film to
resist variations in gap with load, depend on the type of flow
controller. A typical hydroststic journal bearing is shown in
Fig. 3. The other main type of hydrostatic bearing is the plane

thrust pad.




2.4

Hydrostatic 1lubrication enables extremely low coefficient of
friction values'to be obtained and is particularly suitable for
heavy loads and slow speeds. However, the need to provide the
necessary ancitlary equipment and the high power requirements
force this type of lubrication to be adopted only when there is

no satisfactory substitute 10,

Externally pressurised gas bearings have the same principle of

operation as hydrostatic liquid lubricated bearings.

Gas bearings are used mainly 1in the form of smooth surface
cylindrical journal bearings, pivoted pad journal and thrust
bearings and spiral grooved surface bearings in the form of flat
thrust bearings cylindrical Jjournal bearings and spherical and

conical bearings.

Other Bearings

Other bearings are more specialised in their application, design
and manufacture and include such mechanisms as electrical and
magnetic fields. These bearings are of a complex nature and will

not be discussed any further.

A further type of more simple bearing in the flexure pivot (Fig.
4). These types of bearings are used for oscillatory movement

only.



3. PLAIN BEARINGS



Plain bearings are designed to aliow free movement between two

surfaces in s]idjng contact. The reduction of friction caused by

this sliding contact is usually achieved by the use of a fluid

lubricant film. The bearing material must be chosen so as to

minimise the consequences of a breakdown of this Tubricating

film.

are: -

ii)

iii)

iv)

v)

vi)

vii)

The major properties of the material as listed by Petty 11

Compressive strength coupled with fatigue and shock

_resistance.

Wear resistance (but the bearing must not be so hard that

the shaft is worn).

Plasticity, to tolerate misalignment and to embed any

grit particles.

High thermal conductivity to remove frictional heat.

Good corrosion resistance to the acid products of oil

decomposition.

Low melting point (but well above operating temperatures)
so that melting out would occur in preference to complete

seizure which would cause much damage.

Ability to retain an oil film to reduce the effective

friction.




As most of these properties are conf]%cting in nature, the
eventual choice of wmaterial s inevitably a compromise.
Combinations of materials are used to optimise various of these-
properties and so a variety of bearings are produced to meet a
wide range of uses and conditions. Pratt 12 14ists the four main

types of plain bearing applications as :-

i) Reciprocating engine bearings operating with hydrodynamic
lubrication, the dynamic load being applied through the
oil film, eq, the big end and main bearings of the

automotive (internal combustion) engine.

i1) Rotating plant bearings operatiné with hydrodynamic
lubrication, the locad applied to the bearing surface
through the oil film being steady, eq. turbine journal
bearings, rolling mill bearings, marine stern tubes and

tilting pad thrust bearings.

iii) Lubricated bearing applications - operating under
conditions that do not create full hydrodyhamic
lubrication. Included in this category are the common
copper  base alloys, grease Jlubricated in general
engineering applications, as well as graphitized bronze,
wick lubricated white metal and the important classes of
0il impregnated porous bronze bearings and pre-lubricated

plastic or plastic-lined bearings.

10



3.1

iv) Non-Tubricated bearing applications, ie. bearings
operating dry or in non-lubricating media. Most bearings

of this type are based on P.T.F.E. or nylon.

To meet the demand of these differing app]ications,'a variety of

bearings have been developed.

White Metals

Babbitt heta] was the first alloy to be widely used for bearings.
The alloy is wusually based on lead or tin with additions of

antimony or copper.

On their own, white metals have a very low fatigue strength. The"
load carrying capacity 1is greatly increased by supporting the
alloy on a steel or bronze backing shell and reducing the white
metal thickness to 0.1 - 0.3mm. These bearings work perfectly
satisfactorily at low loads (see Table 2) and can cope with
misalignment, dirt and temporary lubrication failure. Because of
the low loading, their use is restricted to one or two automobile
engines and large conservatively rated diesel engines. A further
drawback to the use of these alloys is the corrosive attack from
the oils. If the engine o0il breaks down, the acids and peroxides
formed will attack the lead phase to form a “soap". The tin based

alloy is more resistance to this type of attack.

"



Although the typical composition of the white metal alloy is shown
in Table 2, over the years various compositions and additions have

been tried.

Vanadium has been reported 1 to increase density as well as
tensile and compressive strengths. An alloy of 78% tin, 9.4%

antimony, 6.3% copper and 6.3% vanadium has been suggested.

Phosphorus has a hardening effect and has been used on a French
rai]waylin an alloy containing 80% tin, 12% antimony, 7.7% copper
and a maximum of 0.3% phosphorus. It has also been found 13 that
cadmium and tellurium increase the hardness and tensile and

fatigue strengths of alloys.

An alloy containing 3% arsenic has been claimed 14+ have
superior strength properties to tin-base alloys and an alloy with
1% arsenic is widely used in the U.S.A. for linings in internal

combustion engine bearings.

The white metal bearings are usually manufactured by continuous
strip casting although in the U.S.A. one lead based specification
12 (92.5pb, 4Sn, 3.5Sb) is impregnated into a steel backed
cupro-nickel sinter, Rotary lining is also used although this

generally gives a lower fatigue strength.



3.2

Copper-Lead and Lead-Bronze Alloys

Copper-lead alloys with a high lead content (25 - 50%) were

introduced in the 1930's. Compared with white metals, they offer
a much wider range of strength and hardness although it is still
too low for many automobile engines. The properties of the copper
Tead alloys depend on the lead content,

The lead is distributed in suéﬁ a2 way in the copper matrix, that
it does not harden the matrix. The lead content varies between
25% and 40% although a content of greatér than 30% is not often

used,

The -higher the 1¢ad contént, the lower the fatigue strength but
the surface properties are improved. However, the lead phase of
the alloy is particularly susceptable to corrosion from organic
based acids in certain oils., This was overcome in the lTate 1930's
by the introduction of the lead or tin based eletrodeposited
overlay. Thé overlay was introduced primarily to improve the
surface properties of the 'harder and stronger lead-bronzes
although the overlays could be made more corrosion resistant Qith
the addition of small amounts of tin or indium, thus protecting

the lead phase in the underlaying alloy tining.

A wide variety of alloying elements have been used with copper-
lead base alloys. Additions of tin, phosphorus, zinc, aluminium,
nickel and other elements have been investigated and some are

still used to improve particular properties.

13




3.3

An arsenic content of 0.4% to 0.5% has a slight hardening effect
and an equally slight increase in the tensile strength has been

observed 15.

Phosphorus additions harden the alloy, but its prime function is
as a deoxidizer !, The temsile strength and fatigue range are
increased, the 1increase in tensile strength at elevated
temperatures is considerably more than that resulting from
arsenic, Antimony up to 0.22% increases the tensile strength of

oxygen;free copper without any decrease in/ﬂyctility.

As with white metals, coppeé-]eéd and lead-bronze alloys can be
manufactured by strip casting. The bimetal strip can also be
prepared by sintering copper-lead powders on the steel strip in a
reducing atmosphere. The Tlead-bronzes are used under conditions

of high load.

Aluminium Base Alloys

Aluminium alloys were first used in the 1930's when a tin-
altuminium alloy was used in aircraft engines 1. In the 1940's,
the U.S. used a 6% tin-aluminium alloy in solid form {ie. no steel
back) in some automotive engines. However, due to a high
expansion co-efficient which precludes their use in modern high
speed engines, all aluminium based alloys are in the f6Vm of a

thin lining on a steel backing (with the exception of Volkswagon

14



éngines which are alloy based and can handle solid aluminium
bearings). The most widely used alloy ié the 20% reticular tin-
aluminium alloy 16 with a fatigue resistance close to that of
70-30 copper-lead but  with a considérab]y higher fatique
resistance. The surface properties of this alloy are so good,
that no overlay 1is required and corrosion does not arise unless
the oil 1is contaminated with water. An alloy containing 30% tin
is used in Japan and has even better seizure resistance although

its fatigue strength is somewhat lower.

The 6% fin-a]uminium alloy is still used widely in the U.S.
although it has an overlay plate after a special pretreatment for
compatibility with modern day thin oil film conditions. For high
strength engine bearings, an alloy containing 11% silicon -
1% copper-aluminium has been developed, the fatigue strength is as
high as the strongest copper based alloy and this is improved even
more by tHe use of an overlay plate (necessary to 1improve

embedability).

The main advantage of aluminium alloy bearings over tin b%sed
white metal 1is shown in Fig. 5 where the fatigue strength of the
aluminium alloy is retained with increase in temperature compared
to tin based white metal which drops off dramatically with

temperature rise.

15



3.4

Plastics

Several plastics possess good surface properties, ie. good wear
resistance, seizure resistance and a low coefficient of friction,
Unfortunately, they have inherently low strength, high thermal
expansion and low thermal conductivity 8. These shortcomings are
usually partially overcome by incorporating additives to modify
the thermal characteristics and using the plastic as a thin 1ining

on a steel backing.

There are two main types of plastic bearings, those that operate
{
with lubrication and those that do not. Those that operate with

lubrication are either thermoplastic or thermosetting plastics.

Solid thermoplagtic bearings can be wused in a variety of non-
arduous applications 12, The most common polymers used are nylon
and polyacetal. Bearings based on these polymers can run
unlubricated in very mild coﬁditions, but they are wusually run
with oil or grease lubrication and in some cases a solid lubricant
in the form of P.T.F.E. powder or fibre is used. Higher bearing
loads can be carried by using a steel-backed thermoplastic lined
bearing. The most important type of this bearing -is one
consisting of a thin polyacetal lining bonded to porous bronze on
a steel backing. A fatique rating approaching that of 20%
tin-aluminium may be obtained with this type of bearing. However,
the polymer degrades under acid attack and it can only be run up

to 120°C.

16



3.5

Thermosetting resins such as phenolic and eboxy resins, reinforced
with cotton fabric or asbestos fibre have good strengfh and creep
résistance compared with thermoplastics and can be used in highly
loaded 'app1ications. Bearings of this type can 'be run at
temperatures upto 175°C and as water worké as a lubricant, these

bearings are used to a large extent in marine applications.

Plastic bearings which do not requiré any Tlubrication are
generally based on a P.T.F.E, composite., These composites include
a woveﬁ P.T.F.E. fibfe on a gtass-reinforced phenolic backing, a
steel-backed, P.T.F.E. filled epoxy resin and glass fibre Iin a
matrix of P.T.F.E. Soltd P.T.F.E. bearings can only operate

effectively upto 200°C. The high temperature polymer, polyimide

~can operate upto 250°C and offers superior characteristics to

P.T.F.E., especially with a graphite filling.

Other Plain Bearings

Other plain bearings include oil-impregnated porous bronze or
iron, steel-backed P.T.F.E. - impregnated bronze and for high

temperature dry bearing applications, carbon bearings can be used.

17



4. OCVERLAYS



4,1

Overlay plating was introduced in the late 1930's as a means of
overcoming the seizure problem posed by hard and rather
incompatible bronze bearing alloys. The overlay also protected
the lead phase in the lining from corrosive attack by the oil. At
present with the use of higher performance engines, bearings with
higher fatigue ratings are being developed. High strength alloys
such as aluminium-silicon with consequent high- hardness (50 - 100
HV) and low conformability are used. Thus, the use of overlays
has become essential to improve the bearing properties of many
bearing alloys. They are not intended as a sacrificial layer but

are intended to last the life of the bearing.

Design and Required Properties

In practice, a number of conflicting properties are required of a

bearing material 17 .

i) It must be able to withstand fatigue loads in the order of
100 MN/m?;

it) To withstand these loads at temperatures in the order of
100°C;

iii) To operate during starting and stopping with a limited oi)

supply without damaging the journal;

iv) To embed particles of dirt from the lubricant;

18



v} To withstand the possibly corrosive attack of the

lubricant.

In order to carry these heavy fatique loads, an engine bearing
consists of a relatively thin lining of bearing alloy on a steel
backing and it is the support given by the steel backing that
enables the lining to carry the load. However,‘the remaining four
properties have moré to do with the overiay than anythiqg else.
Most overlays will withstand temperatures in the order of 100°C
but if metal to metal contact should occur as in starting or
stopping or misalignment, then the melting point-of the alloy may
be reached. Under normal conditions, this would not. cause any
damage as the temperature rise would only be momentary. Under a
sustained temperature rise, the low melting point of the overlay
is beneficial in that melting out would probably occur as opposed

to complete seizure which would cause much damage.

In order to cope with the possibility of metal to metal contact,
misalignment and embedding of foreign particles, the overlay alloy
must process good compatibility, conformability ~ and
embeddability. The alloy must have the ability to conform to
imperfections of shaft geometry with a minimum tendency for local
welding to occur between the alloy and asperities on the shaft,
Therefore, the overlay must be soft with a relatively low melting
point. The overlay must be able to resist corrosive attack from
the acid and peroxide content of the o0il and to some extent,
resist cavitation erosion, although cavitation erosion is usually

overcome by a change in the geometry of the bearing.
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4.2

Types of Overlay

There are three types of overlay in common use, lead - i0% tin,
lead - 10% tin - 2% copper and lead - 8% indium. The first two
are plated from an alloy plating bath in the latter, the metals
are plated separately followed by a heat treatment to diffuse the

two layers together.

The bearing characteristics of the differing overlays vary quite
considerably. The fatique strength of the lead-indium overlay is
approximately 20% better than lead-tin or lead-tin-copper of an-
equivalent thicknéss (Fig. 6).

The wear of the lead-indium overlay under simulated engine bearing
conditions 1is considerably more than an equivalent bearing with a

lead-tin overlay 12, 18 (Fig. 7).

Corrosion attack of the overlays does not usually occur unless the
content of the corrosion inhibiting phase, ie. tin or indium,
drops below a critical value (3% in the case of tin, 5% in the
case of indium). This can occur if the engine temperature is high
(Fig. 8). Attempts to overcome this by putting a nickel barrier
down between the copper-lead and the overlay is repérted not to
work (a]thohgh the Glacier Metal Co. has found it beneficial) as
nickel-tin compounds formed 6, Increasing the content of tin or
indium in the overlay partially overomes the problem although the

rate of diffusion is increased 19, 20.
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4.3

A further problem encountered with the overlay 1is bond
deterioration. This usualiy only occurs on steel-bhacked bearings
with a cast lead-bronze 1ihing{ It manifests itself in a loss of
adhesion between the coper-lead and the overlay and is believed to
be due to the formation of a ternary copper-tin-iron compound, the
jron having being picked up by the molten metal -and subsequently
diffusing to the overlay. The problem is generally overcome by

plating a nickel barrier before deposition of the overlay.

Cavitation erosion is rarely a problem although it is becoming
increasingly common, particularly in high speed diesel engines.
It has been shown that lead-tin-copper overlays are 2-3 times more
resistant to this form of damage than the other overlays 21 This
can be related to the relative hardness of the differing

overlays. The as-plated hardness for the three overlays are :-
Lead - 80% tin 8 - 10 VHN )
~ Lead - 10% tin - 2% copper 13 - 15 VHN ) using 7 ,5g wt.

Lead - 8% indium 8 - 10 VHN )

Quality Control and Production

The cost of producing the overlay 1is not a great problem in
itself, although the increasing cost of indium is becoming a
probtem to most manufacturers. The cost of automotive bearings is
increased by 10 - 30% due to the overlay plating process. Much of

this increase in cost is due to the necessity for the overlay
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to be applied within very close, prescribed 1imits and the fact
that the overlay plating process is usually the last process in
the production of the bearing. Thus, any mistaké in the process
at the final stages of production is bound to be more costly than

a mistake at the start.

Quality control of the overlay is maintained chiefly by measuring
the thickness and composition 17, 1t is on these two properties
that the other more important properties of fatigue strength.and
wear and corrosion resistance are dependent. Most - overlay
thicknesses on bearings smaller than 120 mm are spegified in'the
range 12 - 25 ym and have to be plated within 2 ym of the

specified thickness.
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5. ALLOY ELECTRODEPOSITION



The electrodeposition of alloys probably took place at about the
same time that cyanides were introduced to electroplating. The
first alloy plating process to be patented, proddced a coating of
zinc and copper. It was patented in 1838 by Elkington and Barratt
23, Since then, a large number of alloys have been plated for
decorative, protective and engineering applications (See Fig.
9). At this stage, a short description of the principles of alloy
deposition, electrolyte selection and process control will be of
value. For a more comprehensive study, Brenner 28 should be

consu]ted.

The most important consideration for codeposition of two metals to
occur, is that their deposition potentials be fairly close

together. This condition may occur in several different ways.

i) Metals with similar static potentiafs plated from a single
salt solution. In this case, the polarisation curves for
the individual metals are very similar (Fig 10a) and close
together. The classic example of this type is the lead-tin
plating system from a fluoroborate electrolyte where the

static potentials are only 10mV apart,
The conditions for simultaneous discharge of two different
metal ions at the cathode may be written as:

Ec * RT Ina + n
ZF : Z¥

1]
m
Q
\
+
re)
—

Ina +n" - (1)
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i1)

iii)

where: Eo and Eq” are the standard metal potentials, a
and a”~ are the activities of the_discharg}ng ions n and
n“are the cathodic overvoltages, R is the gas constant, F
is Faradays constant, 7Z is the valence of the jons and T is.

the absolute temperature.

When the static potentials of the metals are far apart, the
deposition potentials may be brought together in several

differing ways.

According to equation 1 by adding a complexing agent the
activity o% the discharging ifons will be altered. By
seiective]y complexing the more noble metal 1ts static
potential is shifted closer to that of the more base
metal. Common complexing agents inciude cyanide, tartrate,
pyrophosphate, hydroxide, etc. The action of these
complexing agents varies for .each metal but a powerful
complexant can shift the static potential of a metal by
as much as 1.5V. An example of this form of control is the
silver-lead alloy. The standard electrode potential of
silver is 0.789Y¥ and for lead -0.13V, a difference of
0.802V. Complexing the silver ions with cyanide lowers the
standard potential of the silver- to that of lead so that

codeposition can take place.
Complexing agents not only affect the standard electrode

potential, they can also polarise the metal deposition

reaction, By selectively polarising the more noble metal
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reaction a dynamic deposition potential of a similar value
for both metals can be achieved. (Fig. 10b). The
introduction of suitable surfactants can also have this
effect. With the polarisation curves intersecting a wide
range of composition is possible in the resulting alloys.
Metals having 'parallel’' polarisation curves have a deposit
composition varying systematically with deposition

potential but the noble metal always predominates.

Iﬁ some cases, the potentials are brought closer together
as a result of the shift in the dynamic potential of the
more noble metal due to lowering of its concentration in
the vicinity of the cathode during electrolysis owing to
concentration polarisation. (Fig. 10c). 1In particular, a
considerable shift of the deposition of the more noble

metal may be obtained at the limiting diffusion current as

given by:
i (L) = ZFD (Ch - Cp)
- (2)
&
under diffusion control €, tends to zero and (Cb - Co)

approximates to Cy, the bulk concentration. However, in
practice the use of 1limiting currents is not usually
employed as rough and course deposits are generally
formed. Similarly, attempting to bring the static

potential closer together by lowering the
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5.1

concentration of the more noble metal dis of 1ittle
practical importance = because of the difficulty of
controlling such Jlow concentrations in an industrial

process.

From the Nefnst equation :-
E = E0 ~0.059 log Cp. - (3)

z
it can be seen that a tenfold decrease in concentration for
a monovalent noble metal the resulting shift in static
potential would only be 0,059V (for an ideal solution
only). Any significant shift in static potential wqqu
involve a much greater decrease in concentration which is
generally - impracticable for adequate process control,
except in the case of a highly soluble base metal and a

sparingly soluble noble metal.

Bath Types

Brenner has listed five types of alloy plating processes. The
effect of plating variables on the composition of the alloy
deposit varies with the type of bath. The normal solutions are
those which behave according to simple theory of potential and

current density prediction,

i) Regular solutions having simple dons and diffusion

control. The static potentials may be far apart. The
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5.2

i)

111)

v)

percentage of ‘the more noble metal in the deposit is

increased by increasing the total metal ion content of the

bath, decreasing the current density, elevating the bath
temperature and increasing the agitation. - The pH of the
solution has very. little or no effect on most regular

plating solutiom

Irregular solutions under cathode poténtia] control having

one or both metals present as complex ions.

Equilibrium solutions where at Tlow current densities the

bath metal ratio gives the deposit metal ratio.

The abnormal solutions are those whare the noble metal does

not deposit preferentially.

Anomalous solution where the less noble metal may deposit
preferentially. This may be caused by selective complexing

or polarisation.

Induced systems where elements which do not deposit

individually may deposit as alloys.

Effect of Plating Variables

The effect of variables on the composition of electrodeposited
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alloys is a vast and complex subject. It is not intended to treat
the subject in any great detail but a short summary of some of the

main effects is attempted.
Metal ratio in bath :

For regular, irregular and equilibrium deposition increasing the
ratio of the more noble metal increases the pércentage of the more
noble metal in the deposit. By altering fhe metal ratio in the
bath - a. full range of alloy compositioné is wusually possible
altﬁough a limiting bath composition is usually reached where a
further increase in the ratio of the more noble metal results in

deposition of 100% noble metal.

The behaviour of metals in anomalous deposition varies depending
on the polarisation curves of the metals. In some cases, the
metals may codeposit in a normal fashion, in others the metals may

codeposit in an anomalous fashion.

Fof induced codeposition, increasing the ratio of the reluctant
metal, increases its concentration in the deposit. Usually, an
indefinite percentage is reached above which the amount of
reluctant metal in the deposit cannot be increased by increasing

the ratio of the reluctant metal in the bath,

Yariation of the total metal concentration, at a fixed metal
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ratio, affects the composition of alloys in reqular codeposition
but has either slight effect or no unifomm trend in irregular,

anomalous and induced codeposition.
Complexing Agent :

The general effect of increasing the concentration of a complexing
agent is to shift the deposition potential of a metal to a more

negative value.

In an alloy bath if the deposition potential of one metal is
shifted to a more negative value than the other, then the
resulting deposit will contain less of the former metal than
before the addition of the comp]éx