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ABSTRACT

The electro-deposition of platinum on
mild-steel and nimonic alloys substrates using more than
twenty baths have been investigated. It has been shown
that the c¢ell efficiency can be improved markedly with
lower current density , pH value and plating temperature.
Distinct differences between direct and pulsed processes
revealed themselves 1n the cathode' current efficiency
data. Implications of using pulse plating to control the
quality of electrodeposits have been considered.

The experimental work reported in this thesis is to a
large extent based on cell efficiency and potentiodynamic
polarisation which is considered to be a powerful tool for
evaluating potential coating solutions. The cathodic
pelarisation characteristics of platinum solutions has
been studied quantitatively.

An excellent technique (electroless) has been developed
in an attempt to successfully apply platinum deposit on
commonly used mild steel or_nimonic alloys using ’'Q’salt

manufactured by Johnson Matthey.

A series of different designed experiments were used to
evaluate the high value ranges of throwing power{localised
plating) capabilities and opportunities for extending that
capability to replﬁce the Brush plating. Throwing power is
currently used for those blades which reéuire the plati-

num/rhodium plating for RB211 Blades at concave aerofoil



sections manufactured by Rolls Royce situated at Derby in
U.K. The investigation employed different size and shape
of anodes/cathodes to explore the effects of wvarious
factors 1in the Ni-plating and then as this technique has
been established using nickel rather than noble metals, it
was used to implement this feature in platinum and rhodium

plating.
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CHAPTER 1

1.0 DEVELOPMENTS IN PLATINUM ELECTROPLATING

FOR AERO-ENGINE APPLICATIONS

1.1 SUMMARY

The plan of the research embodied in this thesis
can be summarized as:
(a} To investigate the relationship between the processing
conditions in platinum plating bath .ie,Diammino-
dinitrite[Pt(NHs)z(NOZ)zlor known as 'p’salt, which cur-
rently being used,compared with other electrolytes.
(b) To establish the parameters controlling the formation
of high cell-efficiencies and coherent alloy platings of
predetermined composition.
{c) To investigate the electrochemical properties of the
platinum plating in terms of thermodynamic equilibrium
conditions.
A plating unit has been designed and constructed and
electrodeposits were formed using a D.C power supply
having a variable current output to 10 Amp and Amp-hour
meter to determine the cell-efficiency of plating electro-
lytes.
The conditions of thermodynamic equilibrium of all the
reactions that can occur when a metal is in contact with
an aqueous Solution at a given temperature.will be ex-

pressed on potential-pH diagrams in which the equilibrium



potential will be plotted against pH for each reaction.
Therefore, cathodic and anodic polarizations were meas-
ured.

1.2 HISTORY OF PLATINUM

Platinum, discovered 1in the sixteenth century in the
Choco district of Columbia, was originally called ’'platina
del pinto' or ’little silver of the pinto river’(l).
Charles Wood, an Assay Master of Jamaica, brought it to
Europe in 1741 and passed the specimen by way of William
Brownrigg FRS to Sir William Watson FRS who described it
to the Royal Society in 17501}, A fairly definitive
account of platinum was published in 1766 and 2757 by
William Lewis FRS, a medical practitioner of

(1)

Kingston-Upon-Thames

1.2.1 OCCURRENCE

Platinum occurs as metal, and before 1914 most of it come
from Russia and Columbia; today the sources of native
platinum are Alaska and Columbia, but their contribution
represents only a very minor part of world production.

Nearly all platinum is derived from the copper-nickel ores
of Canada, South Africa and Russia, and they contain less

than an ounce of platinum per ton.

1.2.2 EXTRACTION

+

The Platinum and palladium in cupronickel ores are recov-

ered along with other ncoble metals from the anode slimes

M)



produced in the electrolytic recovery of the copper and
nickel or from the involatile residues from the Mond
carbonyl process for refining nickel. Figure 1 outlines
the treatment of the concentrates(l). This begins with
aqua-regia which is used to dissolve the platinum, palla-
dium and gold. Because platinum is more easily oxidised
than palladium, the former reaches the +4 and the latter
only the +2 oxidation state. This solution is treated with
either ferrous sulphate or chloride which reduces chlo-
roauric acid to gold, leaving platinum and palladium in
solution{equation 1).

H AuCl4+3FeSO4 ....... Au+Fez(SO4)3+FeCl3+HCl...(1)

The addition of ammonium chloride precipitates orange-
yellow ammonium hexachloroplatinate(IV), which is filtered
off and ignited to give an improve platinum sponge. This
crude sponge 1is dissolve in aqua-regia, filtered and
evaporated with sodium chloride and hydrochloric acid to
remove nitric acid and nitrosyl compounds and convert the
platinum to water-socluble sodium hexachloroplatinate(IV).
The sodium hexachloreoplatinate(IV) solution is then treat-
ed with sodium bromate to oxidise the remaining impuri-
ties(Ir,Rh and Pd) to valence states from which, by a
careful addition of sodium bicarbonate the metals are
gquantitatively precipitated as dark slimy hydroxides. The
pure filtrate is then boiled with hydrochloric acid to
destroy the excess of bromate and treated with ammonium
chloride to precipitate platinum as ammonium hexachloro-
pPlatinate(IV); +this is filtered off, washed, dried and
finally heated very slowly up to 1000°C to give more than

99.8% pure platinum sponge.




1.3 PHYSICAL AND CHEMICAL PROPERTIES

Platinum 1is grey-white, lustrous metal which is suffi-
ciently ductile and malleable to be drawn into wire,
rolled into sheet or formed by spinning and stamping. It
has high melting-points and considerable resistance to
corrosion. Its main physical properties are summarised in
Table 1 which gives the currently acceptable values , some
of which are critically dependent on purity.

Platinum and palladium are noble metals owing to a combi-
nation of sublimation energy and high ionisation poten-
tial. Of the two metals, platinum is slightly the less
reactive. It is not attacked by any single mineral acid
but readily dissolves in aqua-regia, whereas palladium,
even in the compact state, is atfacked by hot concentrated
nitric and sulphuric acids, particularly in the presence
of oxygen and the oxides of nitrogen. In powder form
palladium is slowly dissolved by hydrochloric acid in the
presence of oxygen. Platinum is not oxidised when heated
in air whereas palladium is oxidised to palladium{II)
oxide in air at 700°C. Above 875°C the oxide dissociated
to the free metal and oxygen(l). Palladium, but not plati-
num, is attacked by moist chlorine and bromine at room

temperature.

The properties of platinum make it of use for laboratory

ware subject to high temperatures and certain corrosive



materials, and in industry for the lining of crucibles
used in the melting of special glasses and of orifices
through which glass fibre is extruded. The metal is em-
rPloyed as a surface catalyst in the oxidation of ammonia.
Other wuses are found 1in contact-breakers, electrical
furnaces and as electrodes in laboratory apparatus and

industrial plant.

The pure metal is relatively soft and for many purposes is
alloyed with either gold or rhoedium- with the latter for
spinnerets in nylon fibre manufacture, since the alloy
resists both acid and alkali attack. Platinum is employed
in the jewellery trade.

(2)

Platinum and palladium are potentially important in
electroplating, but no applications have been found for
them which would justify their cost. This situation will
change if platinum-plated titanium is adopted widely for
the cathedic protection of ships and pipelines. Ruthenium,
iridium and osmium may be ruled out as practical plating
metal for the time being owing to a combination of scarci-
ty, cost, lack of demand, technological difficulties and
properties.

Since the platinum metals are noble, it might expect that
it would be possible to electroplate them as easily as
silver and gold. There are, however, as many problems as
in the electrodeposition of the average base metal. These
problems are due partly to the tendency of the platinum
metals to form” complex compounds, many of which are too

stable for use as plating salts; for instance, platinum

metals can not be electrodeposited from aqueous solutions




of their alkali metal cyanides. On the other hand, certain
possible plating ’salts’ from which the metal can be
deposited, such as chloreoplatinic acid, suffer from the
disadvantage that they hydrolyse too readily, hence yield-
ing satisfactory plates only from solutions which are too
acid for plating base metal cathodes. Nevertheless, the
difficulties have been overcome with varying degrees of
success, and plating procedures are now available for the
platinum metals except osmium.

In view of the high cost of platinum metals it 1is not
surprising that at first attention was concentrated on the
use of very thin, hard electroplates{only a few millionths
of microns thick) of maximum brightness as finishing
plates. The next stage came during World War II, when
rhodium electroplates were used for surfacing electrical
contacts 1in conditions requiring resistance to both wear
and corrosion.

The use of a very thin plate of a noble metal, such as
platinum or rhodium, for protecting metals against tar-
nishing is subject to the drawback that corrosion of the
underlying base metal at the inevitable pinholes is usual-
ly accelerated by the galvanic couple effect. In order to
lessen this effect it is customary to plate base metals
with nickel or silver before applying a finishing plate of
rhddiﬁﬁ; the use of rhodium without an underplate has been
limited almost entirely to the plating of white gold,
platinum jewellery and silver. These underplates also
afford :some protection against the action of the more
corrosive baths in the early stages of plating. The pres-

ervation of the importance when they are used as a finish



for costume jewellery, is helped by the use of modern
clear synthetic lacquers which are hardened by special
baking procedures.

The galvanic couple effect is neot, however, detrimental in
the case of a few base metals, such as titanium and tanta-
lum, which develop a protective oxide film when made
anodic. Somewhat similar considerations apply to the use
of platinum-plated titanium anodes, which show promise for
the cathodic protection of ships and pipelines. If =a
critical voltage is not exceed, the titanium, being anod-
ic, will not corrode when it becomes exposed at pinholes
or scratches, with the result minor imperfections in the
plating will not materially shorten the effective life of

the anodes.

1.4 CHARACTERISTICS OF THE PLATINUM METALS(3)

The most distinctive characteristics of the
platinum metals is their nobility, which can be defined by
their position in the emf series, or by their tendency to
remain unchanged in various environments which oxidize,
corrode, or tarnish base metals. At elevated temperatures
and under certain anodic electrochemical conditions, some
of 'these metals do form oxides readily and there is a
school of thought that attributes the superior corrosion
resistance of these metals to the presence of a passive
oxide film. If such a passive oxide film is responsible
for the superior corrosion resistance of these metals, it
is wvery thin and it does not thicken with time as such

films wusually do. For example, the potential required to




pass a given current from a platinum anode to an electro-
lyte does not significantly increase with time. It is
precisely +this lack of a significant insulating film
coupled with a high resistance to corrosion that justifies
many of the applications of the platinum metals. The very
high corrosion resistance is most generally employed to
avoid any overall corrosion or tarnish in a very mild
atmospheric environment such as the air we breathe. Very
thin coatings of the platinum metals frequently offer
advantage in service of this kind. In a few applications,
severe environments are involved. One such application
which uses the film-developing metal, titanium, as a base
is platinum-plated titanium used as an insoluble anode in
electroplating. Here a thin porous platinum coating trans-
mits the current +to the electrolyte and prevents the
underlying titanium from developing an insulating anodized
film, At pores or cracks in the platinum, the insulating,
anodized film which does not develop protects the underly-
ing titanium by inhibiting the passage of current. For the
protection of refractory metals and graphite from oxida-
tion at high temperature, it is essential that platinum
metal deposits be thick enough to isolate the substrate
completely and allow for some diffusion at high service
temperatures.

Melting points and electrical resistivities for the an-
nealed wrought precious metals, including silver and gold,
are presented graphically in figures(2-3). The melting
points of the platinum metals are all substantially higher
than those of the other precious metals, silver and gold.

coatings having higher melting points are of advantage in




minimizing the welding or sticking of mating electrical
contacts and in minimizing the diffusion of basis metal
through the deposit. The electrical resistivities of
silver and gold are substantially lower than those of the
platinum metals. The values shown can be a guide to the
electrical resistivity of electrodeposits which are sensi-
tive to impurities and conditions of deposition. A 1low
resistance is frequently desirable for signal transmission
in electrical contact or connector service.

The hardness numbers plotted in figure.4 provide an indi-
cation of the strength and ductility of the wrought pre-
cious metals. For example, ruthenium and osmium are hard
and strong but relatively brittle. On +the other hand,
silver, palladium, gold, and platinum are soft, of low
strength, and very brittle. Figure.4 also shows the range
of hardness values reported for electrodeposits of the
precious metals. The hardness of an electrodeposit can be
influenced to a significant degree by the specific bath
employed, the operating conditions, and the impurities
present. Reliable hardness values are very difficult +to
ocbtain on the usually very thin electrodeposits of the
platinum metals, so thicker deposits frequently are espe-
cially prepared for this purpose. In general, the harder
deposits are preferred for applications requiring superior
resistance to wear. Thin, hard deposit should have a
reasonably hard support for effective service. On soft
metals, bright nickel plate provides a good support for
thin, hard platinum metal finishes intended for: wear-
resisting applications.

One of the important advantages of plating over coating



processes 1is the higher hardness levels frequently pro-
duced. It is believed that the higher hardness values of
electrodeposits develop as a result of a very fine grain
gsize, formed at a much lower temperature than in cast and
wrought metals, and the inclusion in the deposit of a
hydrolytic precipitate, an incompletely reduced metal, or
a bath constituent which becomes insoluble in the usually
more alkaline cathode layer.

Figure.b shows the reflectivities of the precious metals
over a reasonable range of the spectrum. Gold has a high
reflectivity in +the infrared and is used for finishing
reflectors operating in this range. Silver, a very ’white’
metal, has a lower reflectivity than clean silver but it
does not tarnish. It is this feature that justifies the
use of rhodium as a finish on reflectors, mirrors, jewell-

ry, and decorative itens.
1.5 GENERAL CONSIDERATIONS(3)

In a number of important ways platinum metal plating baths
differ from the usual base metal plating baths. Their
position at the anode end of the emf series, their marked
tendency to form complex ions, their resistance to corro-
sion, and their high cost are factors accounting for these
differences.

High-metal-ion-concentration acid baths for some of the
platinum metals have been developed for the production of
heavy deposits or for electroforming.

These baths are of very limited use, since there is little

demand for heavy deposits which are necessarily expensive.

10



These baths are not of interest for producing thin plates
since all base metals must be well protected by a prelimi-
nary deposit of a noble metal to avoid displacement plat;
ing by immersion.

Fortunately, the platinum metals readily form complex
compounds which when dissolved in an appropriate electro-
lyte yield a scolution having a low platinum metal ion
concentration and 1little tendency to deposit metal by
replacement. As a result, baths containing complex com-
pounds frequently can be used for direct plating on the
less reactive base metals such as nickel and copper.
However, in many cases a strike from a noncorrosive bath,
such as gold cyanide, is desirable and in cases where the
platinum metal is not well complexed, such a strike 1is
essential. The more reactive base metals will in most
cagses require a preliminary plate of nickel in addition to
a precious metal strike.

In most of the platinum metal plating baths, the platinum
metal does not dissolve anodically, and insoluble anodes
must be used. As a consequence, the metal plated out must
be replaced by the addition of an appropriate salt to the
bath. Palladium and platinum anodes dissolve anodically in
the appropriate acid chloride bath, and for these baths
are preferred over insoluble anodes such as graphite.
Palladium anodes are also used to maintain the metal
content of the tetranitrite-sodium chloride bath when the
pPH is in the 4.5 to 6.5 range.

The high cost of the platinum metals tends to 1limit the
metal concentration in the plating bath in order to lower

the capital investment. For example the Watts nickel bath

11



uses 50 to 60 g/1 of nickel while 2 g/1 of rhodium is a

frequent concentration in rhodium plating. Higher metal
content baths have become popular, particularly where
requirements are technical rather than decorative. The

higher metal content bath generally permits higher current
density operation, shorter plating time, and frequently, a
lower stress.

The high cost of the platinum metals also tends to limit
the deposit thickness to the minimum required to accom-
plish the objective. Thicknesses range from a low of about
O.lum to rarely higher than 5um. However, it should per-
haps be emphasized that even with these costly metals,
thin deposits are not expensive on a cost per item basis.
More importantly, even very thin coatings of the platinum
metals are particularly effective in serving a need. For
example, 0.1 to 0.2um of rhodium serves to prevent stick-
ing of silver-plated seals of Apcollo rocket engines as
well as to prevent tarnishing of costume jewellry, and

1.2um of platinum makes titanium an effective insoluble

anode.
Appearance (bright, graininess, and ceclour), adhesion,
deposit thickness, porosity, and uniformity are plate

characteristics examined in quality control. Where ap-
plicable, a bend o;.other deformation test provides a
fairly reliable ‘indicator of adhesion. The pressure-
sensitive tape test is not quite so reliable but is more
generally applicable.

Under appropriate conditions, deposit thickness can be
calculated from ampere-hour data or from gain in weight.

The time-~honoured metallographic method of thickness
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determination is neither easy to use nor accurate on the
less than 5um thickness range common for precious metal
deposits. Instrumental methods based on X-ray and B-Ray
penetration and reflection methods are nondestructive and
generally applicable for production control.

Many tests have been proposed for determining porosity of
electrodeposits, particularly precious metal electrodepos-
its. A number of these are basically exposure tests, the
environments including prepared atmospheres, usually
containing sulphur compounds or nitric acid wvapour, natu-
ral, industrial, or marine atmospheres, and salt spray.
The electrographic test is also quite commonly employed,
particularly on high production items. A number of modifi-
cations have been proposed. Where the application involves
exposure to heat, a direct test has been most wvaluable.
The absence of blistering, flaking, or colour change after
heating under controlled conditions can provide an assur-
ance of overall plating quality.

Accelerated tests are most useful for process quality
control and for guiding research, but extensive experience
in many fields suggests that such tests frequently are
inadequate indicators of service behaviour. For determina-
tion of overall electrical contact performance and partic-
ularly where corrosion and wear resistance are involved,
life tests wunder service conditions provide a superior

indication of performance.
{a )MOLTEN CYANIDE ELECTROLYTES(4)

Plating from molten cyanide electrolytes of the platinum
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metals are superior to most of those from aqueous electro-
lytes with respect to thickness plateable, soundness, and
freedom from stress. Operating restrictions imposed by the
600°C bath temperature and the need for an argon atmos-
phere have in the past severely limited interest in these
baths. However, the commercial plating of tantalum, tita-
nium , and tungsten from molten baths suggests a reevalua-
tion of these restrictions. Certainly, these baths merit
consideration for the plating of heavy deposits o¢of the
platinum metals, especially when readily oxidized refrac-

tory metals or graphite are used as substrates.

{ b)ELECTROLESS PLATING

Electroless plating, in which the metal is deposited by
the action of the reducing agent added to the bath, has
been developed for both platinum and palladium. The elimi-
nation of the need for electrical connection to the part
to be plated and the uniformity of deposit thickness are
advantages of the electroless process. The deposited metal
is pure except where hypophosphites are used as reducers,
in which case phosphorus may be present. Many investiga-
tors have had difficulty with electroless plating due to
general decomposition of the plating bath. In the main
this difficulty is due to the use of a high plating tem-
perature in order to increase the plating rate, the addi-
tion at one time of an excess of reducing agent, and dust

or other contaminants in the bath.
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1.6 ANODES AND PLATING SALTS

With one or two exceptions mentioned later, the
platinum metals do not dissolve anodically in the solu-
tions used for their electrodeposition. Therefore, most
rlating processes are operated with insoluble anodes,
usually platinum, and salts have to be added from time to
time to replace metal removed by electrodeposition and
drag-out. One resulting problem has been the accumulation
of residuals, which tends to limit the useful life of the
solution. Since the periodical replacement of such contam-
inated solutions by new solutions adds to operating costs,
processes have been developed which use replenishment
salts(for example, dinitrodiammine platinum) which do not
add any residual ions to the bath. Such processes are
capable of operating indefinitely without changing the

solution, provided no other contamination occurs.

1.7 PROTECTIVE COATINGS FOR GAS TURBINES (%)

1.7.1 SUMMARY

The develcopment of high strength superalloys to cope with
increased turbine entry temperatures and the associated
severity of the mechanical and thermal operating environ-
ment within the engine has generally - been achieved by
decreasing the alloy chromium content and increasing the

amount of gamma prime formers such as Al and Ti, the
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overall result being a loss of environmental degradation
resistance, thus necessitating the development of surface
coatings to ensure that components meet their design
lifetimes.

This section describes the variety of protection systems
and deposition processes available for the production of
coatings for aero gas turbines, with particular reference
to blade and vane applications. The use of diffusion,
overlay and thermal barrier coatings and their deposition
processes such as pack and vapour metallizing, plasma

spraying and PDV techniques are discussed.

1.7.2 INTRODUCTION

High pressure turbine aerofoils experience a
wide variety of thermal and mechanical loading during
service, depending upon & combination of cyclic thermal,
centrifugal and gas-bearing loads. In addition, the compo-
nents are exposed to a highly oxidizing atmosphere which
may contain contaminants such as sulphates and chlorides
and under certain conditions, erosive media.

The development of superalloys for higher creep strengths
to permit increased turbine operating temperatures has
generally been achieved at the expense of the alloy Cr
content with an increase in the gamma-prime formers such
as Al and Ti. In addition, the elements W and Mo have been
added as solid solution strengtheners(s-e). The develop-
ment of superalloys with particular reference to gas
turbine applications has been in detail elsewhere(6_7).

The improvement in mechanical properties due to the compo-
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sitional changes has generally been accompanied by a
marked decrease in the corrosion resistance of the alloys
although their oxidation performance is relatively wunaf-
fected. The decreased corrosion resistance, with the
consequence that component life may well bhe corrosion-
limited, has necessitated the development of surface
coatings to ensure that components achieve the desired

performance and required service lifetimes.

1.7.3 ENVIRONMENTAL DEGRADATION OF HIGH TEMPERATURE ALLOYS

There are three basic forms of corrosion attack encoun-
tered by aerofoil components in gas turbines(g_g):

{i) low-temperature sulphidation, known as type II corro-
sion, associated with high SO3 in the combustion product
environment, which occurs over the range 500°C-750°C

(ii) high-temperature sulphidation, known as type I corro-
sion, which is primarily attributable to <c¢orrosion by
melten sulphates and occurs over the range 750°C-950°C
{(iii} high temperature oxidation, which occurs at around
950°C and above.

Since there is a temperature variation on a turbine aero-
foil, perhaps ranging from 500°C-1100°C, more than one
form of attack may occur on a single component.

The exact temperature at which the transition from one
form of attack to another occurs has been reported to be

(10)

dependent upon the time at temperature and the compo-

sition, contaminant flux rate, time and engine operating
conditions(ll-lz).

The detailed mechanisms via which low and high temperature
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corrosion proceed have been excellently described by
Giggins and Pettit(4) whilst high temperature oxidation
has been well reviewed by Wood(13)-and Whittle(14).

1.7.4 SURFACE COATINGS

It is now generally accepted practice to coat high temper-
ature components in gas turbine engines. A wide range of
coatings and coating processes are available for protect-
ing components in gas turbines operating in a variety of
conditions. Coatings are used on turbine vane and blade
components in c¢ivil and military aeroc engines, marine
engines and industrial gas turbines.

The two principal reasons for the application of surface
coatings are;

(i) to maintain component shape

(ii) to ensure that the component is capable of operating

for the design lifetime.

1.7.5 PROPERTY REQUIREMENTS OF TURBINE AEROFOIL COATING
SYSTEMS

The service conditions encountered by aero gas turbine
aerofoils are severe, comprising complex mechanical,
thermal and oxidizing/corrosive conditions. In turbine
blades the primary failure modes involve creep, thermal
fatigue and thermomechanical fatigue with typical compo-
nent surface temperatures of 550°Cc-1100°C.

The current philosophy with reference to coated turbine

aerofoils 1is that the base material is developed to pass
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optimised mechanical properties whilst the surface coating
is selected to achieve maximum protection from the envi-
ronment during service.

The properties required by a coating system are listed in
Table 2 (15-16} Examination of Table 2 shows that the
selected coating system must satisfy a complex range of
property requirements. In addition, it should also be
noted that the desired properties must be maintained over
the whole operating temperature range of the component
during service. Clearly, the development of a coating
system to satisfy the full range of property requirements
would be extremely difficult and a more realistic approach
involves the use of coatings offering a compromise between

the properties,

1.7.6 CLASSIFICATION OF CURRENT COATING SYSTEMS

The coating‘systems currently in use in gas turbine vane
and blade applications can be divided into three basic
groups; -

{i) Diffusion coatings

These comprise intermetallic compounds, mainly aluminides,
They are most often produced via CVD techniques, usually
pack cementation. Their formation is generally controlled
by diffusion mechanisms.

(ii) Overlay coatings

These comprise complex alloys based on the M-Cr-Al-X
system (M= Ni, Co, Ni-Co, Co-Ni; X=Y, Si, Ta, Hf etc)
whose exact compositions depend upon proposed applica-

tions. The deposition of these coatings is wusually per-
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formed by plasma spraying techniques or PVD processes.
(iii) Thermal Barrier coating systems

These comprise a ceramic over a M-Cr-Al-X (overlay) coated
substrate. Deposition of the ceramic is currently achieved

via plasma spraying or PVD techniques.

1.7.7 CONCLUDING REMARKS

(1) High temperature components require coatings in order
to maintain design geometry and to achieve acceptable
operational lifetimes.

(2) A variety of coating systems and processes are avail-
able for the coating of turbine aerofoils and selection of
both the deposition technique and the coating type/compo-
sition will depend upon the envisaged use of the component
and the type of engine.

{3) A knowledge of the thermal, mechanical and environmen-
tal 'history' to be encountered by a component will facil-
itate the development of a satisfactory coating system
with optimised structure and composition.

{(4) The complete z2lloy-coating system must be considered
during the development of surface coatings since complex
interdiffusional interactions occur in service which
markedly influence coating and alloy behaviour.

(5) The concept of a coated blade or vane should be con-
sidered at an early stage in engine design.

(6) Further work is required to develop overlay and ther-
mal barrier systems to function in the increasingly severe
conditions encountered by components in and future en-

gines.
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1.8 COATINGS FOR CORROSION CONTROL

Coatings find widespread applications in the engineering
field and the following applications cover the main areas.
1. Corrosion control.

2. Wear resistance,.

3. Decorative metal finishing.

4, Electroforming.

5. Electronics.

6. Reclamation and repair.

Competition exists between <coating types and between
coating technologies, and involves metals and non-metals.
Methods of coating technology is shown in table 3.

Some characteristics of the various coatings techniques
may be enumerated;

(a) Eiectrodeposition for metal deposits on conducting
substrates.

Best for moderate thicknesses{(1-50um) with good control of
thickness possible. Dull and bright deposits produced.

(b) Electroless deposition uses chemicals rather than
electrons as reducing agents thereby enabling deposition
on non-metallic substrates, after suitable pretreatment,
to be feasible., It is a relatively slow process, but does
enable good coverage of recessed parts to be obtained.

(c) Electrophoresis enables charged suspended particles,
in a covalent medium, to be electrostatically attracted

and consolidated on a metal surface. Rapid deposition
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possible with good throwing power.

(d) Hot dipping is limited to low melting point metals
where the substrate is not seriously affected by any heat
treatment incidentally achieved.

Relatively thick coatings possible. Same techniques used
for paints, tars and lacquers.

{e) Spraying 1is possible for paints and metals where
thinner coating than in hot dipping are required. Plasma
technoleogy enables refractory metals and ceramics to be
sprayed.

(f) Cladding involves the laminating or compositing of
coating and substrate often in a sandwich fabrication
process. Thick coatings of good integrity possible and
novel mechanical properties may result.

(g) Vacuum/vapour techniques are expensive and hazardous
and so are used for high technology applications or spe-
cial requirements, eg very thin films for electronic
applications,

(h) Diffusion coatings offer least dimensional changes and
mechanical inhomogeneity and thick layers suitable for
mechanical uses, eg wear and hardness.

(i) Fusion coatings may be diffused but may otherwise
offer superb coating adhesion through covalent bonding.
Vitreous enamel is a widely used example.

(J) Roller coating offers even coatings of large areas on
a continuous basis. Pattern printing possible for archi-
tectural applications.

{k) Conversion coatings are  post-treatments of metal
surfaces used to provide increased stability in mild

environments. Modest improvements in properties cheaply



attained.. Widely practised especially for aluminium.

In the context of corrosion control other approaches
altogether may become possible, desirable or even essen-
tial. For example, the non-coating methods include:

(a) Environmental control: eg use of inhibitors or deoxyg-
enation of boiler waters.

{b) Cathodic protection: eg sacrificial anode and im-
pressed current protection of pipeline, ships hulls etc.
{c) Anodic ©protection: eg stabilization of protective
oxide films.

{d) Material selection: eg use an alloy steels in place of
mild steel or coated steel.

{(e) Design to minimize corrosion: eg eliminate box section
door sills on cars.

In designing a corrosion control system it is common to
employ a main protection method with a second back-up
system. Thus cathodic protection of a steel structure is
usually accompanied by a thick barrier-type coating which

may be regarded initially as the main mode of protection.
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CHAPTER 2

2.0 PRINCIPLES OF ELECTRODEPOSITION

2.1 BASIC ELECTROPLATING THEORY(17-19)

Electrodeposition is the process of depositing a metallic
coating or other conductive laye£ or surfaces by means of
electrolysis or electrochemical processes, ie passage of
current from an anode of the metal which is to be deposit-
ed, to the cathode on the which the deposit is to be
obtained by using Faraday's law.

The amount of metal theoretically deposited may be calcu-
lated as follows;

I I o N ./ (1)

where; = weight of metal deposited

atomic weight of metal deposited

= valency of deposited metal

= Faraday's constant

[ » TR o N = T A
1]

= Plating time in Seconds
I = Current density in AMPS(mA/cmZJ
from (1) it follows that;

Atomic weight of component

1 gramme chemical equivalent =
Valency of above component
Faraday ‘s law states two principles:

{a) For the current (It}, the weight of metal deposited is



directly proportional to its chemical equivalent.

(b) The weight (W) of metal deposited is directly propor-
tional to the quantity of electricity passed ie current
(I)*Time(sec). .

One Faraday (96,490 Amp.secs) of electricity yields one
gramme chemical equivalent. THE CHEMICAL EQUIVALENT can be
defined as the weight of the component which will replace
or combine eight parts of oxygen by weight.

THE VALENCY can be defined as the number of atoms of
hydrogen which replace or combine with one atom of element

or substance.

Therefore, for platinum deposition from the chemical
equivalent state, 96,500 coulombs (ampere seconds) deposit
97.54 grams of platinum,.

1 coulomb therefore deposits 97.54/96,500 grams of plati-
num,

One ampere hour is 1 ampere flowing for 3,600 seconds ie,
3,600 as coulomb.

Therefore 1 ampere hour deposits{(97.54%3,600)/96,500=3,64
grams of platinum for 100% efficiency.

As a guide 1 ampere minute deposits 30.3 mg of platinum

i.e. 0.303 ml of concentrate code 3747 plating addition.

2.2 MECHANISM OF GENERAL ELECTRODEPOSITION

Much effort has been given in recent years to

studying the mechanism of electrodeposition. Most investi-

(20)

gators have assumed that electrodeposition should

follow a mechanism akin to that for the deposition of a



crystalline c¢oating by condensation of a vapour. The
solvated metal jon approaches and adsorbs on the cathode,
losing some of its solvation sheath as the cathode gains
the requisite electrons. The ad-ion which is mobile,
diffuses over the cathode surface until it reaches an
atomic step. It adsorbs on the step, losing more water of
solvation, and reducing its freedom to diffuse along the
step. Further desolvation and co-ordination follows when
it reaches a kink in the step, at which stage it is mobi-
lised, When other ad-ions following this path eventually
join and submerge the first, co-ordination occurs with
metal ions in the metallic lattice. The. view of Capuano
et a1(20) was that this mechanism of electrodeposition was
plausible, compatible and consistent with later views on
metallic crystals and their defects, and certain proper-
ties of electrodeposits.

The actual process of deposition is as follows (21-23)
Salts consist of ions that have negative or positive
charges, and migration of these ions in the solution
constitutes a flow of electricity. Salts are electrolytes;
they conduct electricity, not only in solution, but also
in molten state. Such electrolytes are decomposed in the
process called electrolysis, in which electrical energy
becomes chemical energy. But chemical energy can also be

converted to electrical energy.
A simple cell shown in Fig 6 may be used to illustrate

the mechanism involved. The potential difference across

the cell due to the current source makes an excess of
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electrons available at the cathode as it becomes more
negative than the anode. This potential attracts positive
ions in the solution to the cathode where they are neutra-
lised either by free electrons in the lattice, or by ions
accepting electrons and hence becoming incorporated into
the lattice at the cathode surface. Whichever process by
which the positive ions become neutralised at the cathode,
electrons are required from the external circuit. There-
fore, as positive ions are deposited at the cathode , then
current must be supplied to the cell. Reduction of metal
ions by addition of electrons at the cathode must be
accompanied by an oxidation process, loss of electrons at
the anode. The latter process generally involves the
removal of electrons from the metal into the external
circuit. This leads to the loosening of metal ions at the
anode surface due to the reduced binding forces. These
metal jions may then form a hydrated ion by combining with
a water molecule in order to facilitate effective trans-
port of metal ions through the sclution. This hydrated ion
in the solution is then attracted to the. cathode and
becomes 1incorporated in the cathode lattice as it sepa-
rates from the water molecule which stays in the plating
solution and c¢an then contribute to further metal ion
transport. The anodic and cathodic processes are neces-
sarily self-regulating and occur on average at the same
rate, simply because the cell potential governed by the
external power supply is common to both electrodes.

Any difference in reaction rates at either electrode leads
to a change in the potential which slows down the reaction

rate at whichever electrode is involved, speeding up the
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reaction rate at the other in order to egualise the rates.

However, other investigators(24_25) have a more detailed
approach than that shown by the previous model. They
indicate that under the influence of an imposed electrical
field as well as by diffusion and convection, the hydrated
metal ion present in the electrolyte arrives at the cath-
ode. The hydrated metal ion enters the diffusion layer 1in
which the migration velocity is determined by the concen-
tration gradient. The field strength in the diffusion
layer is not sufficient to liberate the metal ion from its
hydrate envelope. At most, the loosely bound water mole-
cules are aligned by the field. The metal ions then pass
through the diffuse part of the double layer and enter the
external layer of the fixed double layer. The field
strength, (E} in the double layer is approximately
107v/cm, and at this high field strength the metal ion is
deprived of its hydrate envelope. As shown in fig 7 the
repelled water dipoles become components of the double
layer.

(23-24) .14 others have proposed that

Brandes, Erdey-Gruz
the dehydrated metal ion migrates within the outer zone of
the double layer to a point opposite an energetically

favourable growth point on the cathode surface. From this

point the metal ion passes through the double layer, is
neutralised, and deposited on the cathode. According to
Kohlschutter(zs), the metal ion passes through the double

layer at the point where contact first occurs. It is then

neutralised and adsorbed for the time being at the cathode
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surface as an ad-atom. This ad-atom now diffuses on the
cathode +to a growth point and is there incorporated into
the c¢rystal lattice of the cathode. Only when the first
contact chances to be at the site of a growth point of a
crystallite can it immediately be built into the crystal

lattice.

2.3 ELECTRODE POTENTIALS

An aquecous electrolyte solution con-
sists of a variety of charged and uncharged species as
follows:

(1) cations, which are positively charged ion and migrate
to the cathode in a galvanic or voltaic cell,

{2)anions, which are negatively charged ion; they migrate
te the ancde a galvanic or voltaic cell,

(3)water dipoles,

(4)organic molecules, trace impurities which under equi-
librium conditions are randomly oriented so that within
the solution there is no preferentially directed field.
Under the influence of a potential difference, the charge
will be transported through the solution by cations and
anions that migrate to cathode and anode, respectively;
this migration of charge is through an electrolyte for
electrolytic conduction. At each electrode there will be a
transfer of electrical charge and a consequent electrode
reaction that results in a charge in the concentration of
the reacting species at the surface of the electrode.
Under these circumstances the transport of species to and

from the electrodes is by diffusion and convection as well
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as migration; the term 'transport’ is used to include
diffusion, convection and migration. Fig 8 shows the
potential differences and concentration gradients in the
cell Cu/NiSO4/Cu. Fig 8a. represents the electrodes being
unpolarised; the potential difference is the equilibrium
potential Ee.q and there is no concentration gradient in
the diffusion layer. Whereas,in fig 8b. the electrodes are
polarised; Ep of the ancde is now more positive than Eeq
whilst Ep of the cathode is more negative and concentra-
tion gradients exist across the diffusion layer; Ce,Cb
are the concentration at the electrode and in the bulk
solution. Conversely, the solution deposits ions on the
metal and are incorporated into the metal lattice. Because
the 1ions are at the same time charge-carriers, this pas-

1

sage of lions creates "an electrical double" layer at the

metal-solution interface.

An electrical double layer{(E.D.L) and also known as the
(Helmholtz double layer) is the combination of the posi-
tive "adsorbed fixed layer" outside and the negative ions
diffuse from it to form a "diffuse mobile layer" shown in
Fig 9. These layers are loosely held there by electro-
static attraction. The potential between the layers is a
result of the equilibrium of the chemical and electrical
forces. The potential difference which exists between
metal and solution in the equilibrium state is known as
the galvanic potential. This electrochemical equilibrium
is dynamic, so that in the equilibrium state the interac-
tion between metal and electrolyte does not cease although

in &a given interval of time the number of ions entering
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the solution from the metal is equal to the number of ions
deposited on the metal from the solution. Nernst termed
the tendency of the metal to send ions into solution the
electrolytic solution pressure and the tendency of the
selution to be diluted by depositing ions on the metal,

the "osmotic pressure"” of the ions.

The galvanic potential existing at +the metal-solution
interface as a result of the various tendencies of the
ions to pass into solution or, alternatively into the
metallic state, is manifested at the phase boundary in the
form of the electrical double layer. According to Nernst
and Helmholtz, this E.D.L must be visualised as consisting
of a small but still measurable number of excess positive
cations confronting an equal number of negatively charged
anions at the interface. When metal ions are transferred
from solution into the metal lattice, the metal is at the
prositive side of the E.D.L,opposed to which is the nega-
tive side in the adjacent solution layer. When ions escape
from the metal and enter the solution ,the metal ion is at
the negative side of the double layer and the adjacent
solution layer at the positive side. The magnitude of the
galvanic potential depends upon which of those processes

predominates.

A simple mode of the E.D.L was suggested by Helmholtz in
which the changes at the interface were regarded as the
two plates constituting a parallel plate capacitor , eg, a
plate of metal with excess electrons (the inner Helmholtz

plane- I.H.P) and a plate of excess positively charged
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ions (the outer Helmholz plane-0.H.P) in the solution
adjacent to the metal. The changes at the interface bal-
ance one another so that the E.D.L is neutral as a whole,
Fig.9A shows the E.D.L to consist of a plane of excess

negative charges on the surface of the metal.

2.4 ELECTROLYTIC CRYSTALLIZATION

The final step which takes place during the
electrodeposition of a metal at the cathode is known as
electro-crystallization 1ie, the transition of the dis-

charged metal atoms into the crystalline state.

In electro-crystallization, which proceeds under the
simultaneous influence of lattice forces and electrostatic
forces, two types of crystal growth are possible. These
types are firstly crystal growth starting at edges and
corners, where the highest current densities are present
and secondly,; at the centres of the crystal planes. The
type of growth which predominates depends on the minimum
crystallization energy.

1(26), the energy required for continua-

According to Kosse
tion of the growth of a given crystal lattice is least
where the newly arrived atom can be built into an unfin-
ished lattice plane. Owing to the minimal energy require-
ment for crystallization at these points, +this partial

step is repeated many times. Crystal growth thus proceeds

by "repeatable" steps called "half-crystal" positions and
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also called "active" and "growth areas" by Fischer and

(2?_28). The forces of attraction in the interior of

Lorenz
a metal are compensated by the neighbouring atoms. Howev-
er, at the surfaces, this is no longer true, and they
thus exert growth in the vicinity of the surface. There-
fore, +these growths are strongest at corners and edges
projecting from the surface(zg) . At the ¢growth areas
crystallization proceeds in such a manner that one ad-atom
at a time is built into the crystal lattice in the immedi-
ate vicinity of an atom previously incorporated inte the
lattice,

In addition to the lattice forces, electrostatic forces
also play a part in electro-crystallization. Furthermore,
it 1is necessary to take into a account the fact that the
metal ions 1n electro-crystallization, in contrast to
other crystallization processes, are always surrounded by
foreign cations, anions, neutral molecules and other

electrolyte components.

(30)

Electrolytes may be divided into two groups:
(a) baths containing platinum in the divalent state and
(b) those with it in the tetravalent state. Within both
groups a further differentiation can be made based on the
typical salts used, which may not always be identical with
the metal supplying compounds. In Tables (4-5) a survey of

electrolytes producing worthwhile deposits is given.
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2.5.1 PLATINUM PLATING

The first important platinum plating solution was discov-
ered by Roseleur and Lannaux in 1855. It was made by
dissolving hexachloroplatinate{iV) acid in a boiling
solution containing ‘ammonium.-and sodium phosphates, and
with minor modifications it has been the one chiefly used

(31)

until comparatively recent times . An historical review

has been published(sz).
Tetrammineplatinum(II) Nitrite .bath, Pt(NH3)4(N02)2. This

(33), has the

bath, developed by Keitel and Zschiegner
following composition shown in Table 6.
The dinitrodiammine platinum‘is dissolved in hot 5% ammo-
nia solution to form the readily soluble tetrammine salt
before adding to the bath and also when replenishing. The
bath, which is operated near the boiling point, should be
kept ammoniacal by replacing at intervals the ammonia lost
by evaporation. Flash deposits can be obtained in from
30-60 sec at about 1 A/dmz; for heavier deposits a low
current density of about 0.4 A/dm2 is recommended by the
sponsors, but Tripler et al(34) found it better to use
reriodic reverse current.

Theoretically there should not be any accumulation of
objectionable salts in the bath because nitrite should be
removed by the following reaction;

NH4NO g —eirean N +2H 0

In practice, however, it is found necessary to boil the
solution from time to time with the addition of ammonium

nitrate to counteract a tendency for the current efficien-

cy to fall to zero, which is thought to be due to excess



NO, in some form.

Disadvantages of the bath are

1. High temperature of operation,

2. Cathode current efficiency, initially 10%, scon falls
to 5% or lower and tends to be unpredictable.

3. Corrosion of exposed metal parts by hot ammonia fumes.
Tripler, Beach, and Faust(34) used this type of bath for
electrocladding zirconium with platinum. In order to
obtain smooth, dense coatings up to 15 mils thick, howev-
er, they found it necessary to use periodic reverse cur-
rent. They reported that, although no metal was depleted
during the reverse cycle, the depolarizing action was
beneficial. Nickel test specimens coated with only 0.2 mil
platinum showed no weight loss after 5 hours immersion in

boiling 20% hydrochloric acid.

This bath is operated at a temperature of 95 to 100°C and
current density of 30-100 mA/cmZ.

It is assumed that pore formation in platinum deposited
with periodic reverse(PR) is prevented by depolarization
of the cathode. It would be hard to imagine that the
beneficial effect of PR current on the deposit structure
is confined to platinum deposited from this one plating
solution. If depolarization alone is involved in the
possibility of producing denser platinum coatings from
solutions which operate at low cathode current efficien-
cies, every other platinum plating bath should benefit in

the same way. Indeed, it appears to have done so¢ in the

case of the Russian solution already mentioned.
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2,5.2 POWELL AND SCOTT BATH

Nearly all the platinum plating baths used
until recently have had a poor cathode efficiency. An
exception 1s an alkaline bath which has been patented by
Johnson Matthey & Co.Ltd(3%), In this solution the plati-
num is used as sodium hexahydroxyplatinate NaZPt(OH)G.ZHZO

dissolved in dilute sodium hydroxide. Wernick(ss)

gave the
following composition shown in Table 7.

This bath is worked at temperatures between 65 and 85°C
and a current density of 3-15 mA/cmz. The cathode effi-
ciency of this solution is reported to be almost 100%.

Laister(ST)

has described this electrolyte in detail and
believed that it was the best of those available provided
certain precautions were taken. The bath is very sensitive
to contamination by cyanides, which have the effect of
reducing the cathode efficiency to appreciably lower
values. The solution 1s also affected by the presence of
silicates, although not quite to the same extent. While
silicates do not decrease the cathode efficiency they have
an adverse effect on the deposit by producing grey
streaks. Although it is possible to coperate this process
in glass tanks for a considerable period of time without
observing this discolouration of the coating, the use of
nickel or nickel plated copper tanks is to be preferred.
Experiments carried out at the Degussa Co, Germany, have
shown that plastic linings which are resistant to alkaline
solutions and high temperatures are also suitable for this
purpose. Polyethylene is an example of such a plastic.

In spite of these defects and the fact that the solution
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must be analysed carefully to determine the alkalinity and
the stabilizing salt content{which is present to prevent
hydrolysis), this process has been referred to as the best
of those available. Dense and very bright platinum depos-
its can be plated from a solution which contains as little
as 3 g/l platinum and these coatings may be compared to
rhodium deposits in quality and can only be distinguished
from the latter by a trained eye. The slightly greyish
shade cannot be entirely eliminated, as this is character-
istic of the metal itself, On the other hand, it has been
shown that the deposits are dense enough to protect silver
from tarnishing in a sulphur containing atmosphere. For
this purpose silver plated specimens were partly plated
with platinum deposits 0.15 to 1.26 um(6 to 50 microinch-
es) thick and stored for 72 hours in freshly-prepared hard
rubber fragments. No tarnishing could be observed on any
of the specimens.

A more detailed investigation of this plating bath showed

that +the cathode efficiency is low at low operating tem-

peratures. The cathode efficiency rises steeply as the
température is increased above 30°C; above 70°C
the cathode efficiency increases only slowly. Further

3 g/1 platinum is the minimum concentration for this
electrolyte. As the platinum concentration decreases below
this value the cathode efficiency drops very rapidly. The
same relationship has already been determined 1in the
deposition of rhodium. The current density range is also
restricted. In a 3 g/l platinum plating bath, the best
results are obtained between 3-15 mA/cmz, while at 12 g/1

platinum concentration +the optimum current density 1is
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between 3-25 mA/cm2 at 70°C. At otherwise constant operat-
ing conditions, thicker platinum deposits can be plated.
For this purpose it is important that the bath temperature
should be controlled carefully and maintained at a con-
stant value throughout the plating process since otherwise
the coatings exfoliates in layers.

The Powell and Scott bath absorbs carbon dioxide from the
atmosphere. Caustic soda must therefore be added from time
to time with a consequent build-up of sodium carbonate in

the bath.

2.5.3 PLATINUM PLATING FROM ALKALINE SOLUTIONS(ss)

Howell, in 1846, proposed +to prepare a
platinum plating bath by dissolving 1 part of the metal in
aqua-regia, evaporating the solution to dryness, dissolv-
ing the residual chloroplatinic acid in water, adding 1
part of caustic potash and dissolving the resulting yellow
precipitate by boiling the mixture with 2 parts of oxalic
acid. This bath undoubtedly contained the platinum as a
double oxalate and not as alkali platinate. Under the
above conditions, the yellow precipitate formed by addi-
tion of ©potash is potassium chloroplatinate and this
dissolve slowly in the oxalate solution to form a complex
oxalate in which the metal is chiefly divalent.

In 1890, Wahl investigated true alkali platinate baths and
was able to obtain bright plates from a solution of pla-
tinic hydroxide dissclved in caustic potash solution.

In 1930 when, owing to the slump, it became necessary to

investigate further possible uses of platinum, attention
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was turned in this country and America to the possibili-
ties of using platinum plate as a decorative and protec-
tive coating for silver and base metals, and many efforts
were made to produce a more satisfactory bath than the
phosphate bath then in use, From a review of the litera-
ture it appeared that the alkali platinate seclution af-

forded a promising field for investigation.

2.5.4 SULPHATO-DINITRITO-PLATINATE SOLUTION

The sulphato-dinitrito-platinite solution(38)
is a stable bath capable of producing heavy and bright
deposits on a wide range of base metals. Early in the

investigations of Hopkins and Wilson(as)

attempts were
made to produce electrodeposits from a wide range of
platinum compounds. The only promising results were ob-
tained from solutions of complex nitritoplatinites, of
general formula szt(N02)3X4—a where X represents an
anion, eg.chloride or sulphate.

Little was known of the preparation and properties of
complex nitritoplatinites and an extensive study was begun
of the chemistry of these compounds. A large number of
compounds of this general type were prepared, including;
K2Pt(N02)SCl Potassium chloro-trinitrito-platinite.
Kth(NOZ)ZClz Potassium dichloro-dinitrito-platinite.
Kth(NOZ)Cl3 Potassium trichloro-nitrito-platinite.
KZPt(NOZ)ZSO4 Potassium sulphato-dinitrito-platinite.

The corresponding perchlorato-nitrito-platinites were also
prepared, as were the sulphato-dinitritoplatinites of

sodium, ammonium, lithium, magnesium, aluminium, nickel,
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and zinc. Further compounds prepared and studied were the
potassium dinitritoplatinite salts with acetate, borate,
tartrate, citrate, fluoborate, phosphate, sulphate and
sulphanilate radicals.

Practically all of these compounds in solution yielded
electrodeposits of good quality on a laboratory scale,
with cathode efficiencies of the order of 10 to 15 per
cent. Plating tests were carried out on 1 inch square
copper specimens, degreased in trichlorethylene and elec-
trolytically cleaned in an alkali phosphate solution.
Operating conditions were 0.5 A/dmz(SmA/cmz) and 40°C; the
platinum concentration was 10 g/l and platinum anodes were
used. The pH of all solutions was adjusted to below 2 with
sulphuric acid.

Extended plating tests were then carried out to estab-
lished the working life of the solutions, the platinum
concentration being maintained by daily addition of a
concentrated solution of the platinum compound. In a
number of cases the solutions darkened rapidly during use,
and after a time either cracked, or rough and powdery
deposits were produced. In other cases, however, plating
was continued until a turnover of more than 500 per cent
of the initial content had been achieved,

Of all the compounds investigated they found that while
sodium and ©potassium sulphato-dinitritoplatinites gave
good results a solution containing sulphato-dinitrito-
platinous acid,Hz(N02)2804, gave optimum results. A solu-
tion of this compound has now been prepared for commercial
use under the name DNS platinum plating solution and

patent applications covering baths of this type have been
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used in a number of countries.

2.5.4.1 PLATING CONDITIONS

Good deposits are obtained from the new bath
with a platinum concentration above 4g/1. Below this
figure the ©plates are even and dark in appearance. The
concentration recommended for general use is 5 g/l. Plati-
num anodes, which are completely insoluble, are used and
the concentrated solution of DNS as necessary.

The pH of the solution has a marked‘effect on the plating
properties. Above pH=2, black powdery deposits were ob-
tained and there is heavy gassing at the cathode. Below
this value satisfactory deposits are produced and varia-
tion of the pH below 2 leads to only slight changes in
cathode efficiency.

Bright plates are produced with current densities up to
2.5 A/dm2 (25mA/cm2), but cracking occurs above 2 A/dmz.
At 1.0 A/dmz(lo mA/cmz) there was no evidence of cracking,
but a current density of 5 mA/cm2 is recommended for
building up heavy deposits.

If the temperature of the bath is below 25°C the deposits
may be rough and have a 'frosted’ appearance, but in the
range 30° to 70° the smooth bright character of the depos-
its remains unchanged. The deposition rate at 50°C is 0.1
mil in 2 hours at 0.5 A/dm2(5 mA/cmz), which is ideal for
general use, though for fast plating this time c¢an be
reduced to 30 minutes by using a 15 g/l bath at 2.0 A/dmZ.
Despite the low cathode efficiency of the bath no gassing

occurs, making agitation unnecessary and removing the
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danger of porosity due to gas pitting. There is a tendency
for a slight precipitate to form in a new bath and after a
few days operation the solution may need to be filtered.
During use the bath gradually darkens to orange-red colour
but this has no effect on plating.

Platinum from DNS soclution can be deposited successfully
on to copper, brass, silver, nickel, lead and titanium.
Owing to the acidity of the bath it can not be wused to
plate directly on to iron, tin, zinc, or cadmium, and with
these metals an undercoat of nickel or silver is needed.
The deposits from the new bath are exceptionally bright
and lustrous at all thicknesses. Electrographic tests have
shown that deposits up to 0.05 um on polished copper are
free from porosity, but that above 0.25 um deposits are
liable to show cracking. However, on etched copper sur-
faces, deposits in the range 0.001 to 0.002 wum can be
prepared in which the cracking is much less severe than
corresponding deposits on highly polished surfaces. Micro-
hardness tests on deposits give values of 400 to 450
V.P.H.

Plates 0.001 and 0.003 um in thickness, on polished cop-
per, corrosion tested in 25% nitric acid, remain unat-
tacked for four and sixteen hours respectively. Similar
plates exposed over a 5% sodium sulphide solution for one
week remain unattacked.

The advantage of the DNS bath may be summarized as fol-
lows;

1. The deposits are bright and smooth and no polishing is
necessary.

2. Deposits may readily be obtained up to 1 mil in thick-
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ness.
3. The bath is stable, gives consistent results, and does
not deteriorate on standing.

4, The bath can be used for plating on some base metals.

2.5.5 PLATINUM 209
Platinum

by{ (Pt (NHg), (NO,),(89).

209(39) is represented

This solution for the deposition of platinum metal has
been formulated to give uniform adherent mat deposits of
platinum. It uses proven chemistry resulting in reliabili-
ty, reproducibility and easy maintenance. The operating
conditions are given in Table 8.
2.5.5.1 BATH MAINTENANCE
2.5.5.1.1 PLATINUM METAL

Normally platinum metal ion is +the only maintenance
required.

All additions of the replenisher solution should be made
on analysis. When working characteristics are established
most additions can be based on ampere minutes.

The above recommendation does not take drag-out into
account. This of course, will vary with the type of work
being plated, and it was found by experience that these
additions may have to be increased to compensate for it.
Overheating of the solution and the reduction in volume
produced by evaporation can cause some precipitation of
rlatinum compounds. Dilution of the solution to its origi-
nal volume and heating to 80-90°C will normally dissolve
most of any such precipitate.

* Trade name of Engelhard scolution.
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The pH of the sclution was found to decrease slowly during
use and should be checked periodically. To raise the pH
additions of ammonium hydroxide should be made.

Loss of the conducting salt components were minimal and
additions on a regular basis were not normally required.
Unplasticised P.V.C. and polypropylene are the recommended
materials for tank fabrication. P.T.F.E. sheathed immer-
sion heaters should be used in conjunction with a suitable
thermostat.

Continuous filtration is recommended. The rectifier em-
ployed should be equipped with an amp-meter, volt meter
and infinitely variable current control. The inclusion of
an amp hour minute meter in the circuit is advantageous.
Engelhard recommends that the anode material used should

be precious metal coated anodes to their specification.

2.5.6 PLATINUM SOLUTION 3745

Platinum 3745(39) is represented by {NathiV(OH)s}
This solution for the deposition of platinum metal 1is
based upon a solution of Hexahydroxy platinic acid and

produces an adherent mat deposit of platinum.

Operating conditions are also shown in Table 8.

* Trade name of Engelhard sclution.
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2.5.6.1 BATH MAINTENANCE

2.5.6.1.1 PLATINUM METAL

Normally platinum metal ion is the only maintenance
required.
As a guide 1 ampere minute deposits 30.3 mg of platinum
i.e. 0.303 ml of concentrate code 3747 plating addition.
The above recommendation does not take drag-out into
account. This of course, will vary the type of work being
plated, and it was found by experience that these addi-
tions may have tc be increased to compensate for it.
Ovefheating of the solution and the reductien in volume
produced by evaporation can cause some precipitation of
prlatinum compounds. Dilution of the solution to its origi-

nal volume and heating to 80°C will normally dissolve most

of any such precipitate. If this not effective, small
additions of potassium hydroxide are beneficial. If,
however, overheating has been excessive and particularly

if the solution is contaminated, there may be some residue
which will not redissolve. This material should be fil-
tered off and retained for platinum recovery later.
Unplasticised P.V.C. polypropylene or stainless steel
are recommended material for tank fabrication. Stainless
steel or P.T.F,E sheathed immersion heaters should be used
in conjunction with a suitable thermostat.
Filtration is not required. However, the rectifier em-
ployed should be equipped with an amp-meter, volt meter
and infinitely variable current control. The inclusion of
an amp hour minute meter in the circuit is advantageous.

The anodes should be high grade molybdenum stabilised
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stainless steel.

2.5.7 PROCESS SEQUENCE

Ultra-sonic vapour degrease. 30 secconds.
Cathodic: clean. 1 min,-GODC, 40mA/cm2.
Demineralised water rinse.

50 v/v hydrochloeric acid. 5mins., 50°C.

. Demineralised water rinse.

L dE W DN =

Pt 209, 8 mins., 20mA/cm?, 90°C, pH=8.0-9.0.

7. Demineralised water rinse.

8. Pt 3745, 110 mins, 7.5mA/cm?, 80°C, pH>12.0. 10unm.

9. Demineralised water rinse. ( Aléo used to top up No 8.)
10. Demineralised water spray rinse,.

11. Dry.

2.6 LOSS OF STABILITY OF PLATINUM FROM BECOMING OXIDISED

According to the method of manufacture of platinum
solution(ENGELHARD)(sg),plating efficiency of the ’p’salt
solution tends to decrease with time and use. On initial
make up the efficiency should approach 15% (ie, lum depos-
ited in 15 minutes), however, this will drop depending on
the bath’s workload and overall age.

The reason for the decline in efficiency was initially

thought to be due to oxidation of the platinum; ie,

2+ 44+

Pt —#=Pt + 2e
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However, recent NMR({nuclear magnetic resconance) studies
have shown that the formation of an electrochemically
stable species may hold the key to a steady decline in
plating efficiency.

l.e.:

-+

nns. T SH—

£ IT = . H;N’ —NE; H- .
. Pt~ B + NHB_9 T fpell 14 3N I‘:3
H3N NH, H3N /&-‘4 04 H3N ﬂ +2N0O5y

L

- 1L |

Platinum (IT)

Té%anupine Tetrammine
ltrite Platinum (I1)
A B
During the dissolution of ’p’salt in aqueous ammonia, two

distinct products are formed. In a newly prepared bath the

following equilibrium is formed;

As the bath is worked , the equilibrium slowly drifts
towards species B. This shift is speeded by high current
density plating through preferential depletion of complex
A,

Toe reduce this drift there are two important factors to
consider. Firstly, a high excess of ammonia will tend to

drive the equilibrium from left to right. Hence, the bath
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should be operated at the low end of pH range. Secondly,
the replenisher stocks should be kept to a minimum to

prevent ’'long storage’ decomposition.

2.6.1 ELECTROCHEMICAL PROPERTIES OF THE PLATINUM

METALS (40)

It is often possible to understand, and indeed to
predict, experimental results or practical applications in
the field of electrochemistry and corrosicon, by bearing in
mind the fundamental principle that any change is impossi-
ble wunless it +tends to the realisation of a state of
thermodynamic equilibrium.

The conditions of thermodynamic equilibrium of all the
reactions that can occur when a metal is in contact with
an aqueous solution at a given temperature are expressed
on potential-pH diagrams in which the equilibrium poten-
tial is plotted against pH for each reaction. As will be
shown in future work, any solid, liquid, gaseous or dis-
solved substance having a definite chemical potential 1is
thermodynamically stable in the presence of an aqueocus
solution only 1in conditions corresponding to certain
definite domains in potential-pH diagram. The 1limits of
these domains depend on the concentrations and presences
of the substances present. These diagrams must be regarded
only as rough approximations, and the conclusions to which
they lead must be accepted with reserve, but they do
nevertheless, provide an interpretation of observed facts

sufficiently accurate for many purposes and they indicate
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profitable lines for further experiment. They show the
conditions in which the occurrence of a given oxidation
and reduction reactions is possible from the thermodynamic
standpoint, and enable one to predict and interpret many
phenomena in the fields of electrochemistry, of corrosion,
of electrodeposition, of cathodiec protection and other
branches of electrochemistry.

The form of potential-pH diagrams is best considered by
reference to a simple example, that of water, which is
shown in Fig 10. The dotted line x refers to the condi-

tions of equilibrium of the reaction;

= + -
2H20~02 + 4H  + 4e
and the line y to;
+ - -
2H + 2e = Hz

At equilibrium the pressure of oxygen and hydrogen in the
respective reactions is equal to one atmosphere. The area
shown in Fig 11, enclosed by the two lines x and ¥, repre-
sents the domain of thermodynamic stability of water at
25° ¢ and one atmosphere; outside the two lines x and ¥y is
this pressure is greater than one atmosphere, hence oxygen
and hydrogen tend to be evolved and the water is no longer

stable.
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2.6.2 APPLICATIONS IN ELECTROCHEMISTRY(4O)

PLATINUM

A potential-pH diagram Fig 14 for the platinum-water
system at 25°C was obtained({Equation.2) by a consideration

of the following six reactions;

Heterogeneous reactions involving two so0lid components-

electrochemical reactions;

Pt+2H,0=Pt(OH) p+2H +2¢ 7 ———---- (1)
Pt(OH)2=Pt02+2H++2e— ———————— (2)
PtO,+H,0=Pt04+2H" +2¢ - ---- (3)

Substituting the relevant values of E in the expression in
equation(4)

E=E®-(0.0591n pH)/n+(0.0591)/n{blog(B)-alog(A)}

where E=sequilibrium potential

and E®=standard equilibrium potential, a quantity which
can be calculated from thermodynamic properties of +the
reaction components.

(A) and{(B) represent the concentrations of the components
A and B and remembering that since, in these cases, the
components A and B are solids the equilibrium is not
dependent on their concentration, the following values for
equilibrium potential E are obtained;

For reaction(1l); E=0.980-0.0591pH

For reaction(2)}; E=1.045-0.0591pH

For reaction(3); E=2.000-0.0591pH
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Heterogeneous reactions involving one so0lid component-
chemical reaction;
Pt+2H,0=Pt (OH) ,#2H" - ——-—-—- (5)
By substitution in egquation(6)
alog(A)-blog(B)=logK-m pH----- (6), non-oxidising reaction
invelving hydrogen ions
where;
K=equilibrium constant
m= coefficient of hydrogen ion
log(Pt**)=-7.06+2pH
Electrochemical reactions
Pt=Pt**4+2e oo (7)
substituting in equation(8)
E=E®+0.0591[blog(B)-alog(A)]---(8), oxidising reactions
not involving hydrogen ions.
E=1.188-0.0295log (Pt ")
Pt*¥4+2H,0=Pt0,+4H" +2e”
where

E=0,837-0.1182pH-0.029510g(Pt*")
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2.6.3 ELECTRODEPOSITION OF PLATINUM

Fig 12 (or Fig 14 drawn in bigger scale) indicates that
metallic platinum is stable in aqueous solution at low
potentials, hence it can be deduced that elemental plati-
num will be formed by the reduction of aqueocus solutions
of its salts. Such reduction may be achieved electrolyti-
cally and platinum is electrodeposited on a commercial
scale from electrolytes comprising solutions of complex
salts.

Fig 13, deduced from Fig 12, shows the theoretical condi-
tions for +the corrosion, immunity and passivation of
platinum. Platinum is seen to be very noble metal since
its domain of stability covers most of +the domain of

stability of water.

2.6.4 PLATINUM ELECTRODES FOR THE MEASUREMENT OF pH

Platinum 1s stable under the conditions of potential and

pH corresponding to the equilibrium of the reaction;
Ho=2H"+2e”

indicated in fig 12 by line x. This reaction can be accom-
plished practically reversibly on the surface of platinum
which has a great facility for absorbing hydrogen. Because
of this, platinum can, as is well known, be used for the
construction of hydrogen electrodes for the measurement of
pH, ©particularly since it can be employed in a finely

divided form previously saturated with hydrogen by cathod-
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ic treatment. The potential of this electrode depends on
PH and on hydrogen pressure according to the following
equation, at 25°C;
E=0.000-0.0591pH-0.0295108 Py,
when the hydrogen pressure is one atmosphere this relation
can be simplified to

E=-0,0591pH
In the study of electrode processes with solid electrodes,
it 1is essential to keep in mind the possibilities of the
electrode surface. For example, films of oxide and ad-
sorbed oxygen are formed by anodic polarization. Such
films can be reduced by subsequent cathodic polarization,
and this may interfere with the electrochemical reaction
being studied. Likewise, the deposition of a metal on a
platinum electrode may result in the formation of an alloy
at the interface platinum deposited metal. When the plati-
num electrode is subsequently cleaned in acid, the alloy
is generally attacked and the surface of the platinum
electrode 1is altered. One should also remember that the
effective area of a solid electrode is not the geometric
area one measures without taking into account the ’'rough-
ness’' of the electrode. The roughness factor,ie. the ratio
of the actual area to the apparent geometric area, may be
of the order of 2 or even larger according to the treat-
ment of the metallic surface. Limiting currents are mainly
determined by the apparent geometric area of the electrode
rather than by the true area, because of the rapid deple-
tion of +the reacting species in the ’'crevices' at the
electrode surface. Conversely, currents resulting from the

charging or discharging of the double layer are approxi-
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mately determined by the true area of the electrode.

2.6.5 CURRENT EFFICIENCY OF ELECTRODE PROCESSES

,2.6.5.1 CONDITIONS CONTROLLING THE EFFICIENCY OF ELEC-

TRODE PROCESSES

The following conditions should be fulfilled to obtain
100 per cent current efficiency in electrode processes;
(1) there should be no side reaction,

(ii) there should be no leak in the electrical circuit.
The first condition requires a detailed discussion; the
second one can be disposed of very simple by assuming that
the equipment being used is in satisfactory condition.
Various side reactions can be distinguished according to
the nature of the reacting substances, and the following
types of substances will be considered;

(1) the solvent

(2) the electrode (oxidation of the electrode)

{3) substances which are not consumed or liberated in the
electrode process(supporting electrolyte, dissolved oxy-
gen)

{4)the products of electrolysis.

Type(1) has been investigated using the current-potential

relationship.

2.6.6 CHARACTERISTIC OF PLATINUM COATED ANODES

Insoluble anodes have the ability to pass current to the
plating solution in which they are immersed, but they do

not dissolve in proportion to Faraday's law like sacrifi-
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cial anodes. A.J.Haley(41) has carried out some work on
different materials and especially platinum valve metals.
Valve metals have the ability to pass current to a plating
solution when they are used as a cathode, but they will
not pass current when they are used as an anode. When made
anodic, a very tenacious oxide film is instantly formed on
the surface, preventing the flow of current. Because of
this unique ability, he used tantalum to rectify alternat-
ing current to direct current in some applications many
yvyears ago, but it never found widespread use. The tena-
cious oxide film not only prevents the flow of current but
protects the underlying valve metal so it does not dis-
solve in most plating solutions and consequently does not
introduce contamination. He also showed that tantalum has
the highest anodic breakdown potential(anodic breakdown
potential refers to the voltage required to initiate
breakdown or disintegration of the tenacious oxide film on
a valve metal) in the electrolytes and titanium the low-
est, with niobium (columbium) falling in between.

It is obvious that pure titanium is perfectly suitable for
use as an anode material in most plating operations where
the anode voltage does not exceed 12 volts. Typical of
these operations in rack plating, in gold and other plat-

ing solutions.

2.6.7 ANODE WORKING AREA

With the understanding that the platinum coated area
of an anode is the only area that functions in a plating

bath, it is easy to measure the working area of a platinum
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coated solid sheet anode. If the sheet is 30.5%¥30.5 cm and
is completely coated on one side, the working area |is

30.5%30.5=930 cm2 . If it is completely coated on both

sides the working area is 1860 cmz.

Unfortunately, measuring the working area of an expanded
mesh anode is not as simple. A diamond size area, defined
as the major and minor axes of the diamond area, and
strand size 1ie., the width and thickness of the metal
strands surrounding the diamond shaped holes, are the
principle factors that determine the area of the mesh., The
specific area of a piece of mesh is the total area, in-
cluding the inside, outside, front side and back side of
the strands, as well as the area existing at the intersec-
tions of strands at the points of the diamond.
Measurements of specific area carried out by above inves-
tigator were made using voltage-amperage curves developed
at wvalues below the theoretical reversible potential and
comparing unknown areas against accurately prepared
standards made of thin solid sheet. Samples of some com-
monly used titanium meshes were selected for specific area
measurement based on the fact that all samples had the
same diamond size and only the strand size of each sample
was different. He illustrated that when an anode to cath-
ode ratio at least 1:1 is required for a particular plat-
ing operation, it is essential to have a reasonably accu-
rate value for the working area of the mesh anode used in
the process. The 25.4%25.4 cm anode does not have a work-
ing area of 645 sz_ as one might calculate by multiplying
the 1length times the width but rather about one-half of

that area if it is completely coated with platinum. It may
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be necessary to select mesh anodes with larger strand
dimensions in order to obtain a 1:1 anode to cathode ratio
in this case. The specific area of an anode changes sig-
nificantly with a change of only 0.02 cm on the width and
thickness of the strands, so that a 0.76%0.76 c¢cm strand
mesh has a specific area almost 40% larger than the

0.5%¥0.,5 cm mesh with the same size diamond area.

(41) showed that the life of platinum coating is

Haley
depend upon the current density. As current density in-
creased, the platinum wear rate increases and the anode

life becomes shorter as an exponential function.

Two general methods of preparing a clean surface
exist. The first involves preparing a fresh surface by
evaporation of metal or by cleaving or abrasion of a solid
sample. Such techniques must generally be applied in vacua
and require ultra-high vacuums to prevent rapid contamina-
tion of +the fresh surface. Such techniques have rarely
been applied to the study of solid electrodes. The second
method involves cleansing of a contaminated surface (any
surface exposed to the atmosphere for even an instant must
be assumed contaminated). Of course, any cleaning proce-
dure can be held suspect of incorporating foreign atoms
intoe the surface layer. Ultimately we may only judge the

efficacy of a cleaning procedure from the properties of
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the resulting surface. It has long been recognized that

combined anodic and cathodic pulsing of platinum elec-

trodes causes them to behave more ’'actively' with respect
to certain electrochemical processes, particularly hydro-
gen evolution. Some investigators feel that anodic activa-
tion operates, not simply through the cleansing of the
platinum surface, but through such indirect mechanisms as
absorption of oxygen, production of 'active oxides’® and
recrystallization of the surface.The fact +that can be
established 1is that the ’active’ state may be produced
through anodic(or anodic-cathodic) pretreatment and that
this state may be retained for as long a period as 1is
permitted by the level of solution purity. Stirring of the
solution hastens decay of the ’active’ state, and purifi-
cation of the solution delays this decay. If highly de-
veloped surfaces are used, the active state may be re-
tained for hours. This would be'anticipated on the Dbasis
of decreased transport of contaminants per unit area of

'true’' surface,

2.7 BRUSH PLATING(42)
2.7.1 INTRODUCTION

Brush plating is an electroplating
process that is performed with a hand-held or portable
rlating +tool rather than a tank of solution. The brush
plating process is also called contact plating, selective
plating or swab plating.

In its simplest form, the brush plating process is similar

te a painting operation. The operator soaks the plating
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tool in the solution and then deposits the plating materi-
al by brushing the plating tool against the base material.
Plating solution is delivered to the work area by a po-
rous, absorbent cover wrapped over the anode of the plat-
ing tool,.

A portable power pack provides a source of direct current
for the process. The power pack has two leads. One is
connected to the plating tool and the other is connect to
the part being plated.

A direct current circuit is completed when the plating
tool is placed on the part and electroplating occurs. The
plating tool is always kept in motion whenever it touches
the part to assure that a sound deposit is applied.
Operations which prepare the base material for plating are
similar to the plating operation itself. Performed prior

to plating, these operations ensure an adherent deposit.

2.7.2 SOLUTIONS

Brush plating solutions can be divided into three groups
according to their use. (Tables 9-10 lists those commonly
used.

The first group contains preparatory solutions. These are
used to prepare various types of base material for plat-
ing. Preparatory scolutions are used prior to plating. They
condition the surface so that an atomic bond will develop
between the plating material and the base material.
Preparation procedures have been developed for all the
base materials commonly encountered. These include steel,

cast 1iron, stainless steel aluminium, copper-base alloys
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and nickel-base alloys. When the procedures are ©properly
followed, the strength of the bond between the plating
material and the base material is equivalent to the cohe-
gsive strength of the base material itself.

Preparation of a base material usually begins with pre-
cleaning. This 1is followed by electrocleaning and then
electroplating. Depending on base material, a desmut,
active and/ or pre-plate step may be required.

The second group of solutions consists of the plating
solutionsg. Solution in this are used for depositing a wide
variety of pure metals or metal alloys onto base material.
Brush plating solutions are quite different from those
used for tank plating. There are several reasons for the
difference.

Compared with tank plating solutions, the solution used
for brush plating have a higher metal content, are less
likely to utilize a toxic material such as cyanide, are
more likely to use metal-organic salts rather than metal-
inorganic salts and are more likely to be complexed and/or
buffered with special chemicals.

The solutions used for brugh plating must produce a good
quality deposit over a wider range of current densities
and temperatures than plating solutions. They must plate
rapidly, operate with insoluble anodes and produce a good
vield,i.e, plate a good deposit under identical conditions
for a prolonged period of time. In addition, the solutions
should be as nontoxic as possible; and they should not
require chemical control by the operator. Special formula-
tions are required to achieve these objectives.

The third group contains special solutions. These are
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solutions that have been developed to meet specific appli-
cation requirements such as anodizing, specialized black

optical coatings, electropolishing, etc.

2.7.3 ADVANTAGES AND DISADVANTAGES

Brush plating is used approximately 50% of
the time because it is a better way to apply an electro-
plate, and 50% of the time because it 1is a better repair
method for worn or mismachined parts.

Whether or not brush plating should be used instead of
tank plating, welding or metal spraying, depends on the
specific application. There are distinct advantages and
disadvantages which should be considered. Some advantages
of brush plating over other repair methods are;

(a) The equipment is compact and portable, It can be taken
to the part without tearing down process assemblies and
without moving large process components,

(b) No special surface preparation such as knurling, grit
blasting or undercutting is required. The only requirement
is that the surface be reasonably clean. Usually this can
be accomplished by solvent cleaning, sanding, etc,

(c}) The part being plated is not heated significantly.
Only occasicnally 1is the part heated to approximately
54°C, and never does the temperature of the part exceed
100°C., Hence, distortion of the part does not occur.

{d) The process can be used on most metals and alloys.
Excellent adhesion is obtained on all of the commonly used
metals including steel, cast iron. aluminium, copper, zinc

and chromium, Adhesion is a limiting factor only on some
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uncommon metals such as titanium and tantalum.

(e) Parts having a wide variety of size and shape can be
brush plated.

. Some disadvantages of brush plating are;

(a) The rate at which the deposit is applied is moderate.
Even though deposits are applied at least 10 times faster
than tank plating, this is still considerably slower than
metal spraying or welding.

{b) The deposits are limited in hardness and are not used

when extremely higher wear resistance is required.

2.8 BASIC ION CHROMATOGRAPHY

2.8.1 HISTORY

Since its introduction in mid-1970’s, Ion
Chromatography (IC) has become a widely used analytical
technique for the determination of all types of ions,

Ion Chromatography is a liquid chromatographic technique
using 1ion exchange mechanism and suppressed conductivity
detection for the separation and determination of anions
and cations. Other detection schemes can be employed with
IC such as electrochemical, UV/VIS, and fluorescence
detection,

Chromatography as a separations technique, was commenced
and the word chromatography coined by Mikhail Tswett, a
Russian Dbotanist, in 1903, Tswett described his work on
using a chalk column to separate the pigments of green
leaves,

He described the coloured zones that moved down the column

(43)

as "colour writing" hence, chromatography Since then,
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various people have slowly added to our knowledge of
liquid chromatography as shown in Tables {(11-12}).

TJon exchange chromatography is probably the oldest separa-
tion and purification process reported in the literature,
possibly dating back about 5,000 years to the times of
Moses when he threw a decomposed log (which acts as an
ion~exchange resin), into a pool of brackish water at
Marah. Apparently, the exchange of ions made the water
drinkable(%4),

Chromatography basically involves separation due to dif-
ference 1in the equilibrium distribution of sample compo-
nents between two different phases. One of these phases is
a moving or mobile phase and the other is a stationary
phase. The sample components migrate through the chromato-
graphic system only when they are in the mobile phase. The
velocity of migration of a component is a function of the
equilibrium distribution. The components having distribu-
tions favouring the stationary phase migrate slower than
those having distributions favouring the mobile phase.
Separation then results from different wvelocities of
migration as a consequence of difference in equilibrium

distributions.

2.8.2 THE ION CHROMATOGRAPRHY

The components of a typical Ion chromatography are sche-

matically indicated in figure 15.

2.8.2.1 PUMPS

The mobile phase or eluent in Ion chromatography is, of
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course, a liquid. Some means of propelling it constantly
and precisely through the column is required. There are
two major types of pumps used, constant pressure and
constant displacement. The Dionex 2000i analytical pump is

a constant pressure/constant flow pump.

2.8.2.2 INJECTORS

The sample should be introduced at the head of the column
with minimum disturbance of the column packing. A 1loop
valve injector is used in the Ion chromatography. This
type of injector is commonly used for injecting volumes
greater than 10 microliters. Shown schematically in fig-
ures (16-17), in the load and injection positions, the
sample loop is filled at atmospheric pressure. When the
valve 1is actuated, the sample in the loop is swept into

the flowing eluent stream and onto the column.

2.8.2.3 COLUMNS

The analytical column is the heart of an Ion chromatogra-
prhy. The success or failure of an analysis depends on the
choice of column and proper operating conditions. The
analytical columns used in the Ion chromatography have
typical inside diameter of the Dionex ion exclusion column
(HPICE) is 9 mm. The length of the analytical column is
dependent upon beoth the type of packing and type of appli-
cation. The columns are typically made from either a
fluoropolymer or epoxy. They are generally operated at

ambient temperatures, however, elevated temperatures can
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be wused. The individuals column packings are dependent

upon the mode of separation, ie. HPIC, HPICE, or MMPIC.

2.8.2.4 DETECTORS

A detector is required to sense the presence and measure
the amount of a sample component in the column effluent.
Good IC detectors exhibit high sensitivity, low noise, a
wide linear response range, and response to all types of
ions. A low sensitivity to flow and temperature fluctua-
tions is also desirable.

The workhorse detector of Ion Chromatography is the con-
ductivity detector. Conductivity is a universal property
of ionic species in solution and shows a simple dependence
on species concentration. However, the conductivity from
the sample ions may be "masked”" by that from the much more
abundant eluent ions. This detection problem is alleviated
by using chemical suppression which reduces the background
conductivity of the eluent to a low or negligible level.
The chemical suppression is accomplished by using a sup-
pressor device which is either an ion exchange resin or
ion exchange membrane. The suppressor also converts the
sample ions to a single highly conductive form. The con-
ductivity detector provides high sensitivity and selectiv-
ity. IC is not limited to conductivity detection. Electro-
chemical, UV-VIS, and fluorescence detectors are also
compatible with the Ion chromatography, +thus increasing

the problem solving capabilities of Ion chromatography.
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2.8.2.5 DATA HANDLING

Electronic integration offers the ion chromatographer
highly precise and automatic conversion of the chromato-
graphic signal into numerical form. This technique elimi-
nates errors from the recorder since the detector output
is sent directly to the integrator. The electronic inte-
grator 1is a device which automatically measures the peak
area or height and retention times. More sophisticated
versions correct for baseline drift. Integrators generally
give better accuracy and precision for peak and area
measurements compared to manual determinations.

The results of +the chromatographic separation may be
displayed on a strip chart recorder. From a chromatogram,
the retention time or volume can be obtained. This may be
used, if conditions are properly controlled, to gqualita-
tively identify a component. The area under the peak and
the peak height are proportional to concentration and can

be used to obtain quantitative results.

2.8.3 THE USE OF ION CHROMATOGRAPHY IN THE ELECTROPLATING

INpusTRY (45

The rapidly growing area of circuit technology is placing
higher demands on the analytical techniques required for
maintenance and troubleshooting of plating baths, etch-
ants, cleaning solutions and rinse waters. Analytical
techniques offering speed, ease of operation and versatil-
ity are needed. The purpose of using IC 1is to demonstrate
how ion chromatography has been and can be applied for the

determination of major constituents as well as trace
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contaminants in these types of solution.

Ion chromatography(IC} is a technique which can be used to
rapidly detect, identify and quantify a wide variety of
ionic species. Some species of special interest include

metal complexes (Au(CN)z_, Au(CN)4‘, Co(CN)Gs_, Fe(CN)63_,

Fe(CN)g?™, Ni(EDTA)2”, Cu(EDTA)27); common anions (CL7,
Br~, NO;”, HPO,2™, 50,27, BF,”); cations (Na*, mH,*, K%,
Mg2+, Ca2+); organic acids (citric, formic, succinic) as

well as carbonate and borate); transition metals (Fez,

2+

Fe3+, Cu®™ , N12+, Zn2+, Coz+, Pb2+); and surfactants such

as sodium lauryl sulphate.

2.8.4 PRINCIPLES OF THE TECHNIQUE

Ion chromatography(IC) is modern analytical technique
which specifically addresses the chromatography of ionic
species. The system, which is schematically depicted in
figure 15 , consists of an eluent delivery mode, a separa-
tion mode, and a detection mode. An eluent is pumped
through the system and a liquid sample is introduced into
the flowing eluent stream via an injection valve situated
upstream of the separator column. The eluent flow carries
the ionic species through an analytical column that con-
tain a neutral, anionic or cationic resin. Since the
respective ionic species present in the sample have dif-
ferent affinities for the resin, they are separated into
discrete bands before entering the detector. Identifica-
tion and quantification are determined by comparing the
retention times and peak heights with those of Kknown

standard solutions. Data reduction is accomplished manual-
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ly or by use of electronic integration.

2.8.5 MODES OF SEPARATION

The separation mode employed depends wupon the ionic
nature of the sample ions of interest. Three distinct
separation modes can be employed and are summarised in
Table 13,

(i) High performance Ion chromatography(HPIC) is the mode

of choice for common inorganic ions such as F, Cl1, N03_,
8042", Nat, NH4+, Mg2+, Ca2+, Fe3 and Zn 2%. The separa-
tion, based on ion exchange, is accomplished on a low

capacity l1on exchange resin. The theory of HIPIC has been
discussed by Small, et al(46).

(ii) Mobile phase Ion chromatography(MPIC) is the optimal
separation mode for hydrophobic ions such as alkyl and
aryl sulphonates and sulphates, metal cyanide complexes,
SCN ™, BF4_, and quaternary and alkyl amines. The mechanism
of separation is ionpairing and adsorption which occurs on
a neutral resin. This separation theory has been discussed
in depth by Iskandarani(47) and Bidlingmeyer(48).

(iii) High performance Ion chromatography Exclusion(HPICE)
is commonly used for the separation of weak organic acids
such as formic, succinic and citric. The mechanism 1is
predominantly dependent on pKa values and ion exclusion;
however, adsorption also plays a role. The column packing
material utilised in all of the separation modes, regard-
less of the resin functionality, is based on a polysty-

rene-divinylbenzene (PS/DVB) support. Unlike silica based

packing these resins are stable from pH (1-13). The excel-
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lent durability of the column packing material allows easy
column clean-up with either strong acid or strong Dbase.
Detection of the ions of interest can be accomplished in a
variety of ways, depending upon the chemical and optical
properties of the sample ions. Four distinct detection
modes are employed and these are summarised in Table 17.

Suppressed conductivity is the most common detection mode
used for ions with pH values < 7. Highly conductive elu-
ents are required to elute the sample ions from the sepa-
rator column. If a conductivity detector cell was placed
immediately after the separator column, the sample ions
would be detected as small conductivity changes in a large
background signals. Insertion of a suppressed, a second
ion exchange device connected in series after the separa-
tor column, chemically converts the eluent to a less
conductive form. The sample ions are thus detected as
large changes 1in a low background conductivity. This
increases sensitivity, extends the linear range and pro-
motes selectivity in detection. The actual suppression
mechanism differ, depending on the chemical content of the
eluent. Small et 31(46) should be consulted regarding the

actual mechanisms.

2.8.6 METHODS DEVELOPMENT

To solve an ion analysis problem, the analyst needs to
select the best separation and detection modes for that
sample(analyte and matrix). Factors that must be consid-
ered are;

{a) complexity of the sample
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(b} sensitivity required

{c) speed

{d} reproducibility

Optimizing a method may reguire a certain amount of com-
promise, With the availability of packing materials of
varying capacity and selectivity as well as a wide range
of detectors, the analyst has a variety of tools that can

be used to optimize a method to his specific requirements.

2.9 PULSE PLATING
2.9.1 INTRODUCTION

Pulse plating has gained acceptance in some sectors of
the metal finishing industry, especially electronics, gold
Plating and finally decorative applications. The pulsed
current has beneficial effects on deposit properties, for

(49-50) have reported that

example, many investigators
coatings with fine grain structure, high purity and low
electrical resistance can be obtained for copper, silver,

gold and palladium.

Pulse plating can be defined as a method of elec-
troplating by means of an 'on-off’ direct current or
potential in place of the continuous direct current wused
in conventional plating. Electrodeposition of metals using
pulsed-current electrolysis has been extensively studied

(49'52). Metal deposits produced by

in recent years
pulsed-current electrolysis have many properties distin-
guishing them from those obtained by direct current elec-

trolysis.
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N.Kubota(53)

has investigated the effects of using pulse
plating upon the platinum(’p'salt)complex solution and has
shown that in the electrolysis of platinum, increasing the
pulsed-current density (ip)while decreasing the on-time
and off-time periods has reduced the hydrogen co-deposited
hyvdrogen, and subsequently improved current efficiency.
The 1increase of ip has shifted the cathode potential to
the more negative value.

using the normal plating , the higher the current density
being used the less time the ‘'adion’ have to find the most
suitable discharge sites which could lead to greater
distortion in the growing lattice. In practice this dis-
tortion would show up as ’'stress’ in the deposits. It is
an 1ideal +to measure the internal stresses within the

deposit while the electroplating process is taking place.

Therefore, a stressmeter should be used during plating.

2.9.2 THE TERMINOLOGY OF PULSE PLATING

Pulse plating can be defined as current-interrupt-
ed electroplating., Figure 18 shows the typical square-wave
form. Figure 19 is a typical oscilloscope trace of a
square wave attainable with existing pulse equipment.
However, the figure does not show a pure square wave
because there is a gradual curvature to both the ascending
and descending current flows. The curvature on the rising
flow 1is intentionally induced electronically to avoid an

instantaneous rise and current overshoot.

This type of pulse process is suggested as a means of
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obtaining smooth and bright deposits. If, for example, dc
flows for five sec and is interrupted for one sec between
periods of flow, there is greater opportunity for replen-
ishment of the cathode film through diffusion and convec-
tion. Cathode polarization is decreased, and cathode
efficiency may be increased. Consequently, a higher cur-
rent density can be used and a desired thickness can be
deposited 1in 1less time, even though the current is not
flowing continuously. In pulse electrolysis, selection of
the electrolyte, peak current density, on-time, and off-
time determine the physical characteristics of the elec-
trodeposits.

The process of pulse plating is that during the period
when the current is on, the metal ions next to the cathode
are depleted as in the normal way, but during the time
that +the current is off, the processes of mass transport
via diffusion, ionic migration and convection, (both
natural, and forced by agitation), have time to replenish
the concentration of metal ions within the diffusion laver
at the cathode, and do the same for negative ions in the
analogous layer at the anode. When the current is then
switched back on again,the cell can operate with better
than average efficiency, reduced stress , and possibly
higher than normal plating rates can be achieved even

after the current ’off’-time has been accounted for.

The application of a pulsed current(P.C) has shown that
due to the surplus of electrical measures/parameters
present, the mechanical properties of some materials could

be particularly influenced. This particularly important
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parameter is known as the 'off’' or ’'dead’time and when the
current 1is off, desorption phenomena will take place.
Desorption is defined as ions may break away from the
metal surface and move off into the sclution and new atoms
may then ionise to replace the desorbed icns. Due to the
desorption of decomposition products of salts, the metal
density, the ductility, in certain cases even hardness

increases and the tendency to produce porosity is reduced.

In pulse plating it is possible to control four parameters
which will depend on the equipment used. Figures 18-19
illustrate these parameters and are followed as;(54_55)
(1) width,(on-time), the length of individual pulses.

(2} delay,(off-time), the length of time between individu-
al pulses.

(3) fregquency, the number of pulses of electricity and it

can be expressed as;

F{frequency)=1/(on time + off time)

(4} current density, the amount of current per square

centimetre supplied to the cell during each pulse.

Other advantages include wider current density range for
alloy plating. Faster coverage on molybdenum or tungsten
surfaces and fifty microinches of pulse plated Gold seems
to have the same corrosion resistance as 100 microinches

of D.C plated Gold deposits.

The use of pulsed current is quite well known as a re-
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search tool for studying the electrodeposition mechanism
of metals. With increasing emphasis on the properties of
the deposits, it is therefore realised that this method of
deposition could well provide a means of improving their
properties. However, the good metal deposits are(56)
produced by pulse plating in the frequency range of 10-500
Hz,

Ibl et al(57) have shown that, with using short pulses of
large current amplitude followed by a relaxation time
adequately long to allow complete relaxation of the diffu-
sion layer, good quality deposits can be obtained. Also
Gurovich and Krivtzov(68) have shown that increasing

pause - to pulse ratio will result in a decrease in the

surface roughness of metal deposits.

According to Viswan and Raub(sg}, with short current
pulses and longer ‘'off' times, no significant diffusion
peolarisation occurs during plating.

Licarnini and Ibl(so) has reported that with pH=9 and high
current density, it is possible to produce palladium
coatings of 5 um thickness without cracks and porosity. As
the current density (c.d) increases, the hardness and
number of cracks decreases.

Hayashi, Kitanishi and kaumoto(sl) have shown the effect
of ‘off-time' [T] increases, with the duty cycle in the
following order of 1/25 to 1/250, formation was favoured
of granular growth to the block type deposits with the
constant current (SOA/dmz)and T{0.5 or Ims). Using X-ray
diffraction analysis, it was found that with lower current

density range (0.5—1A/dm2), the domain size 1is greater
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than 5000A° and there is rather high stress in the depos-
its in the case of silver-ammonia bath. However, with
silver deposits 1in cyanide bath, small domain size of
about 3000 A®° and low internal stress in deposits will

result.

Popov, Maksinovic and Stevanovic(sz) have reported that
with increasing pause - to pulse ratio in pulsating cur-
rent deposition leads to a decrease in the size and in-
crease in the number of growing grains.

Raub and Knodler(sa)

have reported +that with polymer
formation in deposits of hard gold , the nickel and cobalt
content are increased and at the same time reduces the
oxygen, carbon and nitrogen/hydrogen contents. High bright

deposits <c¢an result from high nickel but low polymer

concentration.
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CHAPTER 3

3.0 EXPERIMENTAL METHODS EMPLOYED
3.1 GENERAL DESCRIPTION OF THE EQUIPMENTS

Table 15 shows the list of main items used for pulse and

conventional-plating.

3.1.1 POWER MOSFETS

The function of Power Mosfets is to offer the superior
characteristics of field effect transistors at true high
power levels. Power Mosfets simplify circuitry because
they are voltage - controlled devices and require only
very small instantaneous current from the signal source.
The advantages of Power Mosfets are;

1. They achieve switching times of less than 100 nanosec-
onds at high current levels.

2. They have great ruggedness because of the absence of
the second break down failure mechanism of bipolar tran-
sistors.

3. In parallel operation they inherently ‘current share"
rather than ‘current hog'. The stability of the gain and
response time characteristics over a wide temperature
range is outstanding.

Power Mosfets are majority carrier semi-conductor devices,
and their construction and principles of operation are
fundamentally different from those of traditional bipolar

transistors, which are minority carrier semi-conductors as
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shown in Fig 20.

The terminology used is to referred to drain, gate and
source , rather than to collector, base and emitter
respectively for a Mosfet and this terminology is compared
and shown in Fig 20a . Fig 20b shows the voltage must be
applied between the gate and source terminals to produce a
flow of current in the drain.

The gate 1is isolated electrically from the source by a
layer of silicon oxide. Theoretically no current flows
into the gate when a direct currenf (D.C) voltage is
applied to it - though in practice there will be an ex-
tremely small leakage current, in order of nancamperes.
The extremely low drive current requirement,ie,{input is
low but output is high) of the power Mosfet, and the
associated extremely high gain are a major advantage over
the conventional bipolar transistor. The much lower drive
requirement or the Mosfet will usually mean that the
vastly superior switching speed will offer the possibility
for lower losses current efficiency , or higher operating

pulse frequency.

3.1.2 OSCILLOSCOPE

The oscilloscope used was a Philips type and the
function of the oscilloscope is to show the wvariations in
potential on the screen of a cathode ray tube, by means of
deflection of a beam of electrons , {ie,variations of

current as a wavy line).
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3.1.3 POWER SUPPLY

A D.C power supply was used to produce a current up
to 10 A. The current stability was determined by means of
measuring output variations and this was shown to be

effective by following causes;

(a) current instability
(b) mains supply change

(c) temperature change in the equipment.

3.1.4 PULSE GENERATOR

The function of pulse generator is to provide a
wide range of facilities and operating modes.ie, producing
a train of square pulses.

Period is adjustable in seven decade ranges from
100ns(10MHz) to 10(1Hz) and a fine control is provided to
give continuous adjustment between ranges.

The output is similarly adjustable from 30mV to 10V into
50

The instrument is normally supplied set for operation from
an AC mains supply of 198 to 260 volts but can be supplied

or adjusted for operation from 95 to 130 volts.

3.1.5 ATOMIC ABSORPTION SPECTROSCOPY

For the analysis of the alloy composition Pt or Pt alloy
deposits electroplated on mild-steel/nimonic alloys was

determined by atomic absorption spectroscopy(Varian 775
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with Graphite Furnace).

3.1.6 ION CHROMATOGRAPHY

For the analysis of all anions such as Nitrates, Ni-
trites, Phosphates, Sulphates, Chlorides, Florides and
etec, ion chromatography(Dionex 2000I/8P)with a computing
integrator was used.

3.1.7 SCANNING ELECTRON MICROSCOPY (S.E.M)

Scanning electron microscopy studies of electro-
deposited were carried out on plated samples from most
platinum scolutions. Energy dispersive X-ray analysis (EDX)
was used to determine the percentage of Pt,Al and Ni
present in the alloys to be analysed. Samples were mounted
in conductive bakelite, polished to one micron surface
finish. Percentage of iron and nickel as well as platinum
in the alloys can effectively be analysed with the EDX

system.

3.1.8 ADHESION DETERMINATION

The method of (tape test) ie adhesion test
was carried out with mild steel specimens resulting from
the nineteen solutions. These tests were carried out on
specimens such as; 2-40 mA/cm2 current densities using
pulse plating and conventional plating in platinum solu-
tion. The method of ‘tape test®' according to British
standard BS 5411 was followed that an adhesive cellulose

tape with an adhesion value of approximately 8 N per 25 mm
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width, whose adhesive side is applied to the coating under
test, using a fixed - weight roller. Care was taken to
exclude all air bubbles and after an interval of 10 sec-
onds, the tape was removed by applying a steady pulling
force to the tape, perpendicular to the surface of the
coating. The adhesion of the coating was such that there

was no evidence of detachment of the coating.

3.1.9 CURRENT EFFICIENCY DETERMINATION

Equation below gives the theoretical maximum mass
of substance which can be discharged by a given current in
a given time. Current effidiéﬁéy refers to the cathode
product which in practice is less than theoretically
predicated. This parameter is defined asg;

ACTUAL MASS DISCHARGED
CURRENT EFFICIENCY= *100%

THEORETICAL MASS DISCHARGED

A plating unit was designed and constructed and electrode-
posits was formed using a D.C power supply having a varia-
ble current outpht to 10 Amp and Amp-hour meter to deter-

mine the cell-efficiency of plating electrolytes.
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3.2 EXPERIMENTAL PROCEDURES

3.2.1 INTRODUCTION

The main emphasis of the experimental work carried
out was the collection and analysis of polarization and
cell efficiency data for platinum plating from different
solutions . Only cathodic potentiodynamic polarisation
curves were plotted and, using this data as an indication
of film forming ability, coatings were produced on the
substrates previously listed. Owing to the price of plati-
num content it was used with care and precautions in order
not to waste any amount of platinum,

The assessment of coatings produced was divided into two
stages. Visual and electron microscopical techniques
employed to assess the characteristic of the coatings and
their microstructure and composition. Secondly, adhesive
tests were performed to study the adhesiveness and reli-
ability of the coatings.

Electroplating platinum from various electrolytes were
studied with different concentration of platinum from 2.0
to 30 g/1 Pt on to the metallic substrates such as mild

steel and nimonic alloys.

3.2.2 CURRENT-POTENTIAL CURVES

Since currents and electrode potentials are measurable
quantities, it 1is useful to represent graphically the
relationship between these guantities.

Potentials were measured, and are quoted, with respect to

a reference electrode in the same solution. Potential
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control was achieved with the aid of a Laboratory potenti-

ostat(Wenking. Model LB Bl M shown in figure 21).

3.2.3 MEASUREMENT OF THE REST POTENTIAL

Operating Selector on ’-ER’, "Meter Indication’' on poten-
tial with this setting the potentiostat acts as a high-
impedence potential meter with potential conversion to the
low-impedence recorder output. It is important to make the
cell connections before switching to ’—ER, otherwise the
high-impedence input could capture wild fluctuations which
drive the meter to full output (but do not cause any
damage). The display shows the potential difference of the
reference electrode against the working electrode. The
polarity indication is therefore opposite to the normal
electrochemical convention, as shown by the negative sign

before position Ep ( Fig 22).

3.2.4 POTENTIAL CONTROL OF THE ELECTROCHEMICAL CELL

Operating Selector in position 'I’, *Meter Indication’
generally on ’'current’. Initial potential selected on the
'control’ dial.

When the operating switch is moved from —ER to I the cell
electrodes are connected to the potentiostat control
circuit. The potential between the working and reference
electrodes is controlled at the start potential, provided
no additional external control signals are applied at the
inputs. This start potential can be recorded at the poten-

tial output. If the start potential differs from the rest
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potential, the corresponding cell current required to
control the cell is shown on the meter,
Current density/potential curves can be recorded either on

an xy recorder or an oscilloscope.

3.2.5 CURRENT CONTROL OF THE ELECTROCHEMICAL CELL

Like all other potentiostats, the Laboratory
potentiostat used can also be operated as a galvanostat
(see Fig 22). In this application it controls the voltage
drop ES at an external resistor RX instead of the poten-
tial of the working electrode against the reference elec-
trode. The value of this resistor Ry which is inserted
into the current line of the working electrode, and the
voltage drop controlled by the potentiostat determine the

cell current;

Io=Eg/Ry
Where,
RE= reference electrode
CE= counter electrode
WE= working electrode
IC= cell current
ES= control voltage
p= polarisation
C.= control input
In the potential setting the digital meter shows the
voltage drop acress the external resistor RX’ and in the
current setting the actual cell current under galvanostat-

ic contreol.(see fig 22)
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3.2.6 CHART RECORDER

A Servoscribe RE 511-20 potentiometric chart recorder was
employed for the most experimental investigations. The
unit input range selection of between 2 mV and 20 V and a
chart drive with speed options of 30, 120, 600 mm/hr and
30, 120, 600 mm/min.

3.2.7 VOLTMETER AND AMMETER

RS model M2008 Analogue/Digital multimeters were used for

potential and current monitoring.

3.2.8 REFERENCE ELECTRODE

A saturated calomel electrode(SCE) was employed as the
reference electrode in all potential measurements. It was
positioned remotely (which lessens any detrimental effects
from high temperatures experienced in the cell) using a
salt (saturated potassium chloride) bridge connected to a
probe, which could be positioned close to the working

electrode.

3.2.9 COUNTER (AUXILIARY) ELECTRODES

A mesh titanium substrate plated with platinum acted as a
counter electrode was used for the polarisation trials.
Platinum has the advantage of being relatively chemically
inert and unlikely to be affected by the cell soclution

during inactive periods. Alsco during cathodic polarisa-
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tion, when the platinum is acting as the anode, there will
be 1little or no metallic dissolution which could affect
the solution and hence the polarisation characteristics of

the working electrode.

3.2.9.1 PROCESS CELL FOR POLARISATION MEASUREMENTS

The polarisation cell consisted of a 2.0 litre beaker with
a separate 1lid ( see Fig 23-24}, which had five openings
facilitating the insertion and removal of +wvariocus elec-
trodes, thermometer and gas bubbler, The lid of the beaker

was sealed in the position with a gasket and clip.

3.3 SOLUTIONS FOR POLARISATION MEASUREMENTS

Anodic and cathodic polarisation tests were carried out in
various group platinum with solutions and these followed
as;

(a}) Fresh 'P'salt with phosphate buffers

(b) Phosphate base solution( i.e, plating bath composition
but without platinum).

{c) Different ratio of platinum solutions

(d) Plating solutions directly from plating tanks
No.A,B,C,D and E.

{e) 'Q’ salt from Johnson Matthey

(f) Fresh 'P’salt with sodium buffers were also tested.
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3.3.1 PREPARATION OF SUBSTRATES

Table 16 indicates the steps which were used in preparing
the samples before and after plating. The size of cathode
and anodes are followed as;

Solid mild steel/nimonic 75 alloys cylinders with diameter
of 1.3 cm and 8.9-9.0 ¢m long, surrounded by same shape
mesh anode shown in fig 25 of diameter 5.0 cm and 10.1-

10.5 c¢m long.

3.3.2 PREPARATION OF PLATINUM SOLUTIONS

The platinum solutions were made up from either individual
chemical and brighteners or direct from manufacturer such
as; Johnson Matthey or Engelhard.

Table 17 shows the standard solution make-up for platinum
plating with phosphate buffers. Tables (18-24) show bath
composition and operating conditions for nearly twenty

different platinum solutions.

3.4 MISCELLANEQUS EXPERIMENTAL METHODS

3.4.1 CHEMICAL REAGENTS

All chenmicals used in these investigations were either
from manufacturer or SLR (Standard Laboratory Reagent)
grade or higher. With the exception of strong acids and
alkalis, wused for pickling and pH adjustment, 'P’salt or
'Q’ salts (containing platinum) or other salts were the

most seriously toxic substance used. The harmful effect of
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these salts are mainly due to their allergy to people and

give rise to the evolution of ammonia gas,.

3.4.2 WEIGHINGS

All weight measurements of reagents were carried out on

Philips balance, to the nearest thousandth of a gramme.

3.4.3 ATTAINMENT

Sclution pH adjustments were achieved with concentrated
additions of sodium hydroxide/ammonia or phosphoric acid.
The actual concentration was varied, for example when
small adjustments were required the additions were diluted
considerably. All pH measurements were made with a WPA
model CD62 digital pH meter, the readings were measured to

their nearest tenth of a pH unit(+0.1 pH).

3.4.4 ACCURACY IN EXPERIMENTAL PROCEDURES

The reproducibility of a given polarisation test depends
to a large extent on the effectiveness of a preparation of
the standard platinum solution process to be capable of
repeatedly producing metél specimen surfaces in a similar
"eclean" state. Other parameters such as solution composi-
tion, pH, temperature etc can be controlled more easily.
Therefore, before +the onset of extensive polarisation
trials much thought was given to the question of standar-

disation of platinum sclution (see literature survey), and
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it 1is considered that the solutions and methods used are
appropriate to the metals undergoing polarisation trials.

When such a large number of polarisation tests were car-
ried out it was found to be possible to repeat them all.

these are shown in the results section,

3.5 EXPERIMENTAIL PROCEDURE FOR PULSE PLATING

Deposits were produced on solid cylinders of mild steel
with diameter of 1.25 cm and 8.75 cm. Platinum deposition
was carried out using two litre electrolyte from a fresh
prlatinum solution in a beaker as a cell connected to power
supply and pulse equipments shown in the figures (26-27)

and efficiency tests were carried out,

3.6 EXPERIMENTAL PROCEDURE FOR NITRATES

On plating, the nitrite NOz is released as a free -ve ion.
In theory this ion is soon oxidised to NO5 nitrate.

Dionex analysis of the old plating solution show high
concentration of nitrate, up to 40g/l. Similar analysis of
new solution gave low levels eg, below 1.0g/l.

It is possible +that the continual usage can build up
excesses amounts of nitrate in the plating solution, this
can have an adverse effect on the plating efficiency of
that sclution.

In addition to the balance the nitrate ion, Na+ from the
rhosphate i1is taken up, this requires additional NH4+ to be
added to balance the phosphates which at temperature boil

off giving wide variation in pH.
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Plating shop trials have demonstrated that with the low
efficiency tank, which was used to plate for 4hours for
turbine blades, now instead of adding ammonia(NH4), NaOH
was substituted and it has been shown that the duration of
plating has dropped from 4hours to 2.5hours which indi-

cates the improvement in efficiency of that tank.

3.6.1 TRIALS ON NITRATES

1- To establish critical nitrate concentration

3.6.2 METHOD

(i) New solution test for nitrate and nitrite by Dionex

(ii) plate and establish efficiency check for nitrate
and nitrite.

{iii) Add nitrate in form of KN03 and repeat trials at
different concentration; 10, 20 and 30g/1.
Alternatively, add old solution to obtain decrease levels
of nitrate and adjust pH and carry out the plating trial.
2-investigation of possible recovery of baths by addition
of NaOH(Sodium Hydroxide)
Aim to adjust phosphate balance of bath and reduce NH3

(ammonia) content.

METHOD

(i) To establish efficiency of used old solution,
*(ii) Add NaOH and controcl pH to around 8.0,
(iii) Test for new efficiency

These tests were carried out and the results were summa-
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rised in Table 32 and it was found that the amount of ni
trates has been effective in generating the low cathode

efficiencies.

3.7 EXPERIMENTAL PROCEDURE FOR PHOSPHATES

Deposits were produced on a solid cylinder
mild steel electrode with a diameter of 1.25 cm and 8.75
cm long, surrounded by the same shape mesh anode of diame-
ter 4.5 ¢m and 10 c¢m long. Platinum deposition was carried
out wusing a 400ml electrolyte from tank No.C in a beaker
as a cell connected to Amp-hour meter and power supply.
Efficiency tests were carried out as follows;
(1) Efficiency tests were carried out on plating tank in
No.C at current status with pH=7.1
{2) Made up trial sample of proposed recovery solution for
tank C;

130ml solution from tank No.C, plus 19ml fresh 'p’salt
to make up to 400 ml solution with distilled water
{3) Made wup trial sample of proposed recovery solution
tank C:

130 ml solution from tank No.C, plus 19m1 fresh
'p’salt and 16.56g disodium orthophosphate and 3.86g
diammonium orthophosphate, make up to 400 ml with dis-
tilled water.

(4) Made up trial sample of 200 ml solution tank C, plus
12.3g disodium orthophosphate and diammonium orthophos-
rhate, make up the above solution to 400 ml with distilled

water.
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{5) Finally efficiency testing was carried out on tank
No.C at pH higher than the test(1l).ie, pH=7.79.

Results are given in section 4.0 and Tables(33-34).

3.7.1 PHOSPHATES; RECOVERY PROCEDURES(STAGE.2)

(i)Sample from tank No.C was tested with efficiency method
and pH and temperature parameters were recorded and fol-
lows as;

pH=6.7 s temperature=85°C and 30mA/cm2(3A/dm2) was
applied.

Although the amount of phosphates was within the limit of
70-90g/1, but the efficiency was around 1.0%¥ and final pH
was 6.6,

{ii)With above sample , the pH was adjusted with sodium
hydroxide to 7.0 and 15mA/cm®(1.5 A/dm?) was applied. But
this time the efficiency found to be 7.43% and increased
weight gain compared with previous one and it was almost
12%(Not gain efficiency).

(i1i) Addition of 10g/2]1 of disodium orthophosphates was
added to above solution and using the above pH and current
, the efficiency test was maintained and recorded as 7.0%
and the weight gained was 11% higher, compared with
test(i).
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3.8 SUMMARY FOR THROWING POWER PROCEDURE

A series of different designed experiments
were used to evaluate the high aspect of throwing power
capabilities and opportunities for extending that capabil-
ity to replace the Brush plating. Brush plating 1is cur-
rently used ﬁpr those blades which required the platinum
plating for .eﬁample; RB211 Blades at concave aerofoil
sections at (Rolls Royce Manufacturing Division situated-
at Derby in U.K). The investigation employed different
sizes and shapes of ancdes/cathodes to explore the effects
of wvarious factors in the Ni-plating and then as this
technique was established using nickel instead of noble
metals it could be used to implement this feature in
platinum and rhodium plating.

A variety of different shaped and size of nickel anodes
under a variety of operating conditions have been used to
study throwing power of nickel deposition. In all cases
stainless steel cathodes with dimensions of 3 cm * 2 c¢m,
and the plating solutions(i) Ni-Sulphamate,(ii) Ni-Strike
were used. The composition and operating conditions of
above solutions are shown in Table 25. Figure 28 indicated
the schematic representation of plating cell for nickel

plating but for throwing power, anode bags were not used.



3.9 CALCULATION FOR THROWING POWER

Current efficiency refers to the cathode product
which in practice is less than that theoretically predict-

ed. This parameter is defined as:

CURRENT EFFICIENCY=(ACTUAL MASS ~“DISCHARGED/THEORETICAL
MASS)*100%

The amount of metal theoretically deposited may be calcu-
lated as follows;
W=ItA/ZF
where; W= Theoretical weight of metal deposited
A= atomic weight of metal deposited(58.7 for Ni)
Z= valency of deposited metal(2 for Ni)
t= plating time in seconds
I= current in Amps

F= Faraday constant(96500)

Volume measurements for spherical, circular and cone shape
anodes were carried out by using the below equation;

V=2/3(ﬁr2h) ————————— for spherical deposit

h= thickness of deposit

r= radius of deposit
Whereas, the volume measurements for rectangular and
ellipse shape anodes were used by considering the differ-
ent equation;

V=2/3(ﬁabc) ———————————— for elliptical deposit
where, a= half length of deposit

b= half width of deposit

c= thickness of deposit



CHAPTER 4

4.0 EXPERTIMENTAL RESULTS

The electrodeposition of platinum involves diffi-
culties caused mainly by its strong tendency to bring
about displacement reactions, complex formation, high
catalytic activity, variable oxidation states, low effi-
ciencies and fluctuating operating conditions. These

parameters are discussed below;

4.1 EFFECT OF CURRENT DENSITY

(a)SURFACE CHARACTERISTICS

Electro-plating was carried out at current densi-
ties varying from 15 to 40 mA/cm2(1.5—4.0 A/dmz) for
nimonic alloy/mild steel substrates.

The deposition characteristics for platinum bath numbers
1-19 are shown in Tables(26-29). A comparison of the above
nineteen baths was made in terms of their deposition
characteristics.

Tables(26-29)}, indicate the use of the above substrates
under optimum conditions given in the literature, with
effects of lower current density, better surface finishing
and adhesive deposits are produced compared with high

current density.

4



(b)CELL EFFICIENCY

The effects of current density on the cathode
current efficiency of the above deposits are shown in
Tables 26-29.
The platinum deposits were well-adhered, have bright tex
ture, uniform thickness and fined-grained at low current
density with the exception of deposits from bath numbers
11,12 and 15. With high current density dull, dark, burnt

and porous deposits were produced.

This métﬁod carried out using 4:1 anode to cathode
area ratio and the results are éhown in figures 29-47. It
can be seen that as the ratio of anode +to c¢athode in-
creased, the cell efficiency as well as surface appearance
and thickness of deposit was enhanced considerably.

So far,the effect of various current densities on the
cell-efficiency of Pt and Pt alloy deposits obtained from
platinum solution currently used in commercial plating
tanks(C.U.K Ltd) are shown such that with the lower
current densities between 8-16 mA/cm2 (0.8-1.6 A/dmz) have
a significant increase in cell-efficiency, compared with
high current densities. This effect is further shown in
Figures(48-49). Comparison can be made when different
electrolytes with different concentration of Pt on various
current densities are used. This parameter will be exam-
ined on all electrolytes concerned.

'Q’salt from Johnson Matthey solution shows higher cathode

efficiency with lower current density. The effects of
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various current densities on 'Q’'salt has been shown in
tables(30-31) and figs(50-53). A new method was carried
out for this electrolyte which resulted in obtaining the
maximum cathode current efficiency. This method was car-
ried out by applying low current density for one third of
plating time and the remaining time with the usual cur-
rent. For example; the overall current of 4.0 mA/cm2(0.4
A/dmz) was decided upon. This was done by using a constant

2 (0.2 A/dmz) for 3 minutes, followed

current of 2.0 mA/cm
by 4.0 mAcm_2(0.4 A/dmz) for 7.0 minutes and the result
was compared with the constant current of 4.0 mA/cm2(0.4
A/dmz). This effect was significant and is shown in the
above Tables{(30-31) and Figs(50-53). The comparison
between low current and high current at the beginning of
deposition was also compared and this difference is

almost 50% , resulting in the higher efficiency for lower

current density.

The stability of '@’ salt was also investigated and
Figs(54-55) represent the effects of various current
densities upon ’Q’ salt. As current increases the stabili-
ty of the solution deteriorates. The solution was seen to
be stable up to 8.0 mA/cm2(0.8 A/dm®) but as the current
increased, the solution became black and platinum debris
was found on the bottom of the beaker(ie, somehow, adhe-
sion was not maintained). In general anodes were much
darker(brownish-colour) than anodes resulting from 'P'salt

usage.
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4.1.3 EFFECT OF CONCENTRATION OF ELECTROLYTE

Laboratory work, as well as plating shop trials)
demonstrated that the higher concentration of Platinum can
be effective in generating higher cathode efficiency. This
is shown in Fig 57.

Figure 57 shows the effects of various current densities
and different concentrations of Pt on cathode
efficiency.{i) With the 'p’salt Pt only Pt(NOz)Z(NH3)2,
(ii). With the fresh solution made on basis of ’'p’'salt and
diammonium disodium orthophosphates which are given in
Table 17 to make up a new solution for a tank in the
plating shop. This parameter was also investigated with
different electrolytes. |

The effects of various current densities on fresh platinum
solution(’P’salt) with different concentration of platinum
are shown in Figs 48-49, Figure 49 shows that with current
12-16 mA/cmz, the maximum current efficiency was obtained
with all concentrations of platinum and this was not due
toe different concentration but merely due to the optimum
current. Nevertheless, a slightly better result was ob-
tained with higher concentration of platinum.ie,Pt=5.0
g/1.

Figure 48 represents the different concentrations of
platinum with effects of various current densities. The
weight gain from higher concentration is highest with the

maximum current.
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4.1.4 EFFECT OF pH WITH TYPES OF PLATING AND SUBSTRATES

The bath pH was found to be rather critical in all
the platinum plating electrolytes. Tables(26-29) show the
bath compositions and characteristics of all baths used
for platinum plating. Bath(l)} yielded deposits with poor
efficiency below pH=6.0. Grey, dark and slightly peeled
off deposits were obtained. Very low pH values were found
to result iﬁrﬁgn—adherent deposits at higher thicknesses,
probably due to the substrate attack in the initial stage.
However, despite the fact that bath{(6) was very acidic
and pH was within range of 0.5-1.3, the deposits were
bright, adherent as well as semi-reflective and also the
solution was stable and did not deteriorate on standing
but on the other hand, the efficiency was very 1low and
effectively no oxidation has taken place on anode surfaces
and the surface finish of the cathodes was clean and
smooth,

Bath(l) also operated with nearly constant efficiency in a
pH range of 7.0-7.5 but control of the bath especially at
the higher operating temperature became difficult due
presumably to escape of ammonia,

Bath(1l) was operated with pH=13-14 and somehow, during
the plating the solution has become blackened very rapidly
and the question arose whether the reason for change of
the solution colour was due;

(i) higher current density

(ii) higher temperature

{(iii)} evolution of hydrogen

Therefore, bath Nos (8-10) were prepared by lowering the
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amount of potassium hydroxide{KOH) and as well as lowering
the temperature of the solution.
This parameter should also be investigated thoroughly.

4.1.5 EFFECT OF PLATING TEMPERATURE

In general, a higher operating temperature
for the plating bath permits higher plating rates because
of improved mass transport, but it also increases the
thermal decomposition of the plating bath, resulting in
precipitation of the dissolved platinum-group metal(s).
Figures 5§56 shows the comparison between a temperature
above normal plating temperature 94-96°C and the normal
temperature 84-86°C. The cathode efficiency has improved
slightly compared with the lower temperature. It alsc can
be seen from Tables(26-29) that bath{(1l) functioned with a
higher efficiency with an increase in its temperature from
87-97°C. However, the corresponding loss of ammonia leads
to a progressive decrease in the pH value and the deposi-
tien cease to continue. On the other hand this experimen-
tal test was carried out by covering the beaker top and
there was not any need to add ammonia to the solution.
Figures(29-47) show schematics of the parameters of all

baths with high and low temperatures.

4.1.6 EFFECT OF NITRATE CONCENTRATION I

Pt SOLUTION

The concentration of nitrite/nitrate ions
tends to rise during solution wusage, suppressing the
dissociation of the platinum complex and causing a de-

crease in current efficiency. Theoretically there should
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not be any accumulation of objectionable salts in the bath
because nitrite should be removed by the folloewing reac-
tion:

In practice, however, it is found necessary to boil the
solution from time to time with the addition of ammonium
nitrate to counteract a tendency for the current efficien-
cy to fall to zero, which is thqught to be due to excess
NO, in some form. |

Toe determine the amount of nitrates in each plating tank
containing 170 1litre platinum solution, assuming that 1
lit?e of 'p’'salt is 28.47g/1 ‘Pt concentration or
28.47/195.08=0.146 moles of Pt.

Molar ratio of Pt to N02(N03)=1:2

hence, 0.292 Moles of Pt will result in 18.10¢g NO3 and in
170 litres solution(tank)=18.1/170=0.1064g/1 NO4 .
Therefore, for every 1.0 litre of ’'p’salt solution(at
above concentration), there is an addition of 0.1064g/1
NO5. Thus the total nitrate in tanks of volume 170 litre
is 18.08g¢

For a freshly made solution corresponding to Table 33,
there is hardly any amount of nitrate initially in plat-
ing tanks; this was revealed by ion chromatography(Dionex
2000i/sp). But as plating continued for some time the
amount of nitrates gradually built up and 1is one of the
reasons for platinum solutions to become'sou;, ie,very low
in efficiency(usually for a RB211 blade needs to be plated
around 1.5 hour, but with this effect the plating time

would be prolonged and it needs twice as much time 1in



order to achieve the required plating thickness which 1is
10um}. After this effect the solution will be collected
and will be sent to the manufacture and Pt can be re-
claimed back. The last time the concentration of nitrate
was measured by Dionex in one of the plating tank it was
40g/1 nitrates.

In order to prevent ’'souring' of the solution, a few tests
were carried out to bring the solution back 'alive’ and in

good working condition as follows;

4.1.7 EFFECT OF SODIUM NITRITE(NaNOzl UPON CELL-EFFICIENCY

20g/1.5 1litre of sodium nitrite was added to a
freshly made solution(’p’salt) and ion chromatogfaphy was
used to assess the amount of nitrates, phosphate and
nitrites before and after plating. Table 32 shows that
after plating, the amount of nitrite has diminished and
the cell-efficiency was lower compared with standard fresh
solution which is around (7.0-9.0)%. As mentioned before,
nitrite and nitrate have an adverse effect on plating

efficiency of the solution.

4.1.8 HIGHEST CURRENT EFFICIENCY RESULTING FROM 'P’SALT

The highest current efficiency was obtained from
the electrolyte in which phosphate salts were replaced by
sodium acetate and sodium carbonates. Sodium citrate,
-sodium sulphate and sodium chloride c¢an also be used . in
which case stability of the electrolytes was improved.

Deposits from these baths were smooth, bright and free of
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pores and cracks at thickness up to 10um. Tables(23-24)
show the bath composition of four baths with different
compositions, but constant platinum concentration.

The use of sodium acetate instead of the phosphate salts
improved the efficiency and avoided the formation of a
layer on the anode. Table 29 represents the characteris-
tics, current efficiency,surface appearance, average

thickness and finally the plating temperature.

4.1.9 INVESTIGATION OF PHOSPHATES IN PLATING TANKS

4.1.9.13 EFFECT OF PHOSPHATES CONCENTRATION 1IN PLATINUM

SOLUTION

Table 33 shows the level of phosphates in tank
Nos.(B,C and D) present in plating shop containing plati-
num solution . According to Table 17 the amount of phos-
phates in each tank should be (70-90)g/1 and comparison
can be made between the original make up and each solution
at the end of a month; it was found that the loss of
phosphates was due to drag out, because of removal from

the plating tank the articles are swilled in warm water.

4.1.9.2 INVESTIGATION OF LOW CATHODE EFFICIENCY FROM TANK
NUMBER C DUE TO PHOSPHATES; RECOVERY PROCEDURES(STAGE.1)

Current efficiency test methods have been
employed on samples originating from tank No C. The effect
of varying pH, addition of fresh 'p’'salt soludtion and of
mixed phosphate additives have been studied.

These results are shown in Table 34.
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Table 34 indicates the variation of cathode current
efficiency for each test mentioned as above and the re-
sults have shown that the highest efficiency was achieved
with trial(3) with values of 5.0%, 4.0% with trial(5},
3.75% with trial(4) and finally 3.75% with trial(2).

These results have also shown that as plating times were
prolonged, the addition of fresh 'P’salt to the plating
tanks in the plating shop has somehow increased the effi-
ciency of plating and this effect is more pronounced with
the addition of fresh 'p'salt as well as phosphates in the
plating trials solutions.

The result from trial(5) illustrates that with higher pH,
ie,pH=7.79, the efficiency of plating can be increased

slightly.

4.2 INVESTIGATION OF DIFFERENT CONCENTRATION OF PLATINUM

FROM 'P'SALT

Two different batches of 'p’salt from ENGELHARD were
investigated using the efficiency method. Figs(57-58) show
the effects of various current densities on two different
'P'salts. The efficiency resulting from 'P’salt containing
28.27g/1 was three times higher than the 'P’'salt with
26.02g/1., This effect was also pronounced with weight gain

measurements which shows in Fig 58.
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4.2.1 INVESTIGATION OF ADDITION OF PHOSPHITES AND HYPQO-

PHOSPHITES UPON FRESHLY MADE SOLUTION('P’'SALT) CONTAINING

PLATINUM CONTENT AND ALSO UPON TANK NUMBER D(’P’'salt}

Figure 59 shows the effects of disocdium hypophos-
phite and phosphite upon fresh solution and tank D con-
taining 'p’salt. As the amounts increased, the efficiency

of the cell decreased to virtually 1.0%.

4.3 CATHODIC AND ANODIC POLARIZATIONS

Cathodic polarization curves for the electrodeposition of
platinum are shown in following Figure 60 and Tables{35-
36) list the data.

Figure 60 represents polarization curves for the phosphate
base solution without addition of 'P-Salt’. Maximum and
minimum current densities(mA/cmz) were achieved within
-1.1 and -0.7 Volts.

Figure 60 also illustrates polarization curves for tank A
with the same pH value which was used in phosphate base
solution. Current inflexion was more pronounced in the
region of 15 mA/cmzto 5 mA/cm2 and this was accounted by
the hydrogen evolution. This effect was recorded within a
range of -(0.65-0.7) Volts. Table 35 shows cathodic polar-
ization curves of phosphate base solution and tank A and
comparison can be made in that a current drop was observed
at -0.6 Volts due to the effect of hydrogen evolution for
tank A. ; - .

Figure 60 also shows polarization curves for tank A

with and without addition of sodium hydroxide(NaOH). Table
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35 gives data for the platinum solution without addition
of NaOH and hydrogen evolution was observed at -0.65
Volts; also Table 36 and Fig 60 represents platinum solu-
tion with an addition of 130ml of NaOH for a 2 1litres
solution and a hydrogen evolution effect coincided with
Fig(i) but the polarization curve for this case was shift-
ed towards more negative value and finally Fig (iii)
represents platinum solution with a high addition of 20g
NaOH for a 2 litres solution and hydrogen evolution was
noted at -0.7 Volts which the polarization curve was
shifted towards more negative value.
Fig 61 represents tank D(J.M). Polarization curves for
tank D may be compared with tank A, freshly made solution
(Pt,'p'salt) and phosphate only and although the pH and
temperature values are different, allowance can be made by
subtraction of 2¥%{(59)mV for pH values for comparison
between tank A &D. Nevertheless, the hydrogen evolution
occurred at -1.0 Volts and the degree of current inflexion
was low from 18-12 mA/cm2 compared with tank A.
Laboratory and experimental tests resulting from tank D
have shown that the rate of plating, current efficiency,
plating time have shown better improvement and these
results indicate that when the polarization shifted
towards more negative values are the operating difficul-
ties encountered in the use of all baths .

Three electrolytes with different phosphate ratios,
having constant platinum content of 3.0g/1 were. prepared.
The bath composition and operatingi:conditions are given in
Table 37 and the effect of various potentials upon these

electrolytes is shown in Tables(38-39). The phosphate
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ratios of 7:1, 4:1 and 1:1 were prepared with a high
degree of accuracy and cathode efficiency measurements
were made and are given in Table 40.

Cathodic polarization were measured with the potentiocstat
and results are shown in Tables(38-39%) and Figs (62-63).
From the above results it can be concluded that the elec-
trolyte with the high ratio ,ie, (7:1), has +the highest
cathode efficiency and hydrogen evolution did not take
place until the maximum current density was achieved; this
corresponds with cathodic polarization having a more
negative value. This is probably due to the amount of
disodium orthophosphate in solution.

Further tests were carried out with and without phosphates
in platinum solutions and this method was repeated by
using phosphates in platinum solution. { see Figs 64 &
65). Solution from tank No.A was used and results are
shown in Fig 66. It appears from Fig 66, that higher
temperatures could raise the current density and lower
hydrogen evolution or vice versa. These tests were also
carried out by using fresh platinum solutions shown in Fig
67.

Effects of high and low pH as well as temperature were
investigated upon cathodic polarisation and this is shown
in figs(68-69). Figures(70-71) represent the cathodic
polarisation for platinum baths with high pH and platinum
content compared with low pH and low platinum content.
Platinum plating bath No.16 was investigated for cathodic
polarisation with and without platinum content as well as
the effect of high and low temperatures and these are

shown in figs (72-73}.
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4.4 INVESTIGATION OF THROWING POWER(LOCALISED PLATING) TO

OF NICKEL

4.4.1 OBSERVATIONS

{a) NI-STRIKE

The effects of parameters such as applied
current, interelectrode separation and plating duration
upon. the characteristic and shape deposits are shown 1in
Tables (41-42). The Triangle, spherical, ellipse and
rectangular anodes produced the acceptable deposit
thicknesses, but due to the shape of the anodes, the
deposits were always either circular or elliptical respec-

tively. These results are shown in Tables (41-42).

{b) NI-SULPHAMATE

Tables (43-47) show the characteristics of
deposit shapes with effects of parameters mentioned as
above.
The same deposit shapes were resulted with various anodes.
An exception with.Ni—strike solution was that weight gain
could not be measured due to acidic behaviour of Ni-strike
solution. Therefore, the efficiency measurements could not
be carried out.
Results representing the deposit thicknesses for Ni-
sulphamate are shown in Figs(74-77). The results repre-
senting the deposit thickness for Ni-strike are shown in
Figs(78-81). Figures(82-83) show the effect of throwing

power with different shape of anodes, current densities
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and finally interelectrode separations.

4.5 EXPERIMENTAL RESULTS FOR PULSE PLATING

Parameters involved in pulse plating and conven-
tional plating can be classified as either variables or
constants. The former consists of cathode current density,
concentration of electrolytes, plating time, off-time and
coating thickness, whereas; the latter consists of on-
time, frequency and temperature. The aim was to keep these
parameters within an optimum range suggested in the liter-
ature.

The numerical values for above parameters are as follows:
10msec 'ON'-TIME, 100-200msec 'OFF-TIME’ with the range of
frequency from 4.76-9.1(HZ)}.

The effects of the experimental parameters are described

in the following sections.

4.5.1 EFFECT OF CURRENT DENSITY ON PULSE AND CONVENTIONAL
PLATING

Electroplating tests were carried out at current density
of 15-40 mA/cm2 {(1.5-4.0 A/dmz)for a mild steel substrate.
In general, pulse plated samples gave darker deposits than

those produced by conventional-plating, as sﬁown in Fig

84,
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4.5.2 INFLUENCE OF DURATION OF ELECTROLYSIS ON TYPES OF

PLATING

Electroplating of platinum on to mild steel substrate has
been performed with durations from 5 min for conventional
and 55-105 min for pulse plating.

As a result of pulse plating, deposits from the platinum
bath obtained during 55-105 minutes were dark deposits.

As the duration of electrolysis increased, the cell effi-
ciency improved. This was more pronounced in the case of
pulse plating. Figures(85-105) represent the comparison
between conventional and pulse plating with the effect of
current density upon cell efficiency of different platinum

solutions.

4.6 PREVENTION OF THE DEPOSITION OF PLATINUM ON E RUBBER

BOOTS USED TO SHIELD THE FIR-TREE ROOTS OF BLADES DURING

PLATING

For some time C.U.K Ltd have tried to substitute
an improved material instead of H.V.R(high wvulcanised
rubber) to protect the fir-tree roots of blades during
plating shown in Fig 107. Although, the above rubber boots
initially managed to carry out the task, after 3/4 runs
of plating platinum somehow managed to deposit in these
rubber boots and they had to be cleaned with razor blades
with a degree of accuracy and certain amount of lost time.
Figure 106 shows the P.T.F.E material which was used
befare and after plating. Eventually, after long investi-
gation, two methods were recommended for use in prolonged

deposition using these materials;
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1-Catering cling film

2- Natural rubber

4.6.1 Catering cling film has been used with some success

as a means of preventing the deposition of platinum on the
rubber boots used to shield the fir-tree roots of blades
during plating. Figure 107 illustrates this success which
managed to protect the rubber root from depositing plati-
num.

Cling film normally contains 2-4% low molecular weight
polyisobutylene which could be leached out by an aqueous
medium such as the plating solution. In a laboratory-scale
plating experiment a single component with root and rubber
boot wrapped in cling film was immersed in the standard
plating solution for 2 hours. A 100ml sample, representing
one quarter of the plating solution, was shaken with 100
ml of dichloromethane and the organic layer evaporated to
dryness(In a separate experiment), it was shown that di
chloromethane extracts 42% by weight of material from the
film, thus, one can be confident that this solvent will
extract any polyisobutylene present) . The residue con-
tained phosphates from the small amount of the aqueous
fraction miscible with the organic solvent so this residue
was extracted a second time to determine the weight of

dichoromethane- soluble material.
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4.7 RESULTS OF CLING FILM USAGE;

Weight of dichloromethane-soluble material
extracted= 0.0343g. Therefore, total weight

present in solution(400ml)= 0.1372g.

4.8 ERRORS IN PLATINGS & SUBSEQUENT EFFICIENCY AND THICEK-

NESS DETERMINATIONS

The difficulty of reproducibility of data can be illus-
trated by direct reference to three sources of error.

(i) Random variation in plating conditions due to the
small volume of solution used.

As already seen, there appear to be some anomalous results
which are probably due to the fact that total control of
all plating variables, particularly local pH, temperature
& solution concentration is very difficult in the small
2.0 litre bath used in the experiments. Vigorous agitation
using a magnetic stirrer and regular checking and adjust-
ment of pH were carried out in an attempt to minimise
these effects

(ii) Errors incurred during the plating process.

The major error is the calculated efficiency of the cell
made in every case. This arises from a number of interre-
lated factors including the actual area plated, the ap-
pPlied current, the time of plating and the measurement of
the weight of deposit.

Although, the feeler gauges were used to :measure the
distance between anode and cathode electrodes(interelec-

trode separation), errors were made during actual plating.
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Owing to agitation and slight movements of electrodes when
the electrodes were immersed into the bath, it was found
that due to various small interelectrode separation it was
very difficult to accurately measure and reproduce the
interelectrode separation required.

(iii) Errors incurred during pulse-plating.

As well as the errors mentioned in (ii) above, there is an
added uncertainty here due to the non-square waveform of
the pulsed cell current. Figure 19 shows the actual wave-
form achieved by the circuit shown in figure 27. This was
taken froem the output of the osciloscope which was used to
monitor the output voltage drop across a standard resistor
which could then be converted to a current reading. To
find the total current passed per unit time, it was neces-
sary to‘integrate the area under one cycle of figure 19.
This was done by plotting it onto graph paper and then
simply counting 1 mm sqaures to work out the area under
the waveform. This gives an error in current, ( combined
with the inherent error of the power supply/osciloscope
combination), of approximately + 5 mA, leading to an error
in current density of around + 1.25 mAcm-z.

All other errors were as in (ii), leading to an error in
the deposit thickness of approximately + 1.7 mm (+ 1.7
um), Again, this is not sufficient to cause any major
changes in efficiency values obtained and since it is a
random error anyway will not affect the trends due to

other factors.
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CHAPTER 5
DISCUSSION

The Discussion section of this thesis can be broadly
divided into three separate sections. The first surveys
the data relating to the experimental investigations and
electrochemical results, the second attempts to interre-
late the findings as well as process implications, and the
third section examines the industrial practice for gas
turbine engines.

Discussion of the electrode behaviour should be related to
the potential- pH diagram (Fig.14), whose characteristics

were described in earlier sections.

5.0 DISCUSSION:ELECTROCHEMICAL RESULTS

5.1 CATHODIC AND ANODIC POLARIZATIONS

The cathodic polarization curves plotted for platinum are,
in general, of a typical cathodic shape, culminating in
the approach to a limiting current indicating mass trans-
port limiting deposition.

The current density-potential curves of these electrolytes
show very characteristic behaviour in the alkaline pH
range, in so far as the current density increases up to a
maximum limiting current, it drops to a low value of
current before increasing again with potential due to

hydrogen production. How far this kind of 'cathodic passi-
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vation’ is connected with the hydrogen co-discharge, and
the adsorption of hydrogen, is not as yet clear; another
explanation might be a sudden change in pH value 1in the
cathodiec layer caused by hydrogen evolution possibly
vielding incipient precipitate films not obviously identi-
fied.

The critical current density can be increased by an
increase in the concentration of the Pt'P’'salt or 'Q’'salt.
Temperature has a very decisive influence on the critical
current density, while potentials remain nearly constant.
FPassivation is no longer observed at pH values below 7.0,
since hydrogen evolution starts before platinum discharge
begins and presumbly films are unable to be nuclesated.
Initial investigations of 'P’salt solutions and 'Q’salt
consisted of electroplating of the most promising solu-
tions from the tanks A and D.

Cathodic polarization curves for the electrodeposition of
platinum are shown in following Figs (60-73) and
Tables(35-40) list the data in numerical form.

Figure 60 represents polarization curves for the phosphate
base solution without addition of 'P’salt. Maximum and
minimum current densities(mA/cmz) were achieved within
-1.1 and -0.7 Volts.

Figure 60 also illustrates polarization curves for tank A
with the same pH value which was used in phosphate base
solution., A Current inflexion ﬁas more pronounced in .the
region of 15 mA/cmzto 5 mA/cm2 and this was accounted fqr
by the hydrogen evolution. This effect was recorded within
a range of -{0.65-0.7) Volts. Table 35 shows cathodic

polarization curves of phosphate base solution in tank A
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and comparison can be made in that a current drop was
observed at -(0.65-0.70) Volts due to the effect of hydro-
gen evolution for tank A.

Figure 60 also shows polarization curves for tank A
with and without addition of sodium hydroxide(NaOH} to the
solutien. It is interesting to note that inflections were
observed on cathodic polarisation curves carried out in
rhosphate and plating tank A, with and without addition of
sodium hydroxide. Table 35 gives data for the plati-
num solution without addition of NaOH and hydrogen evolu-
tion was observed at -0.65 Volts. Further, Table 36 and
Fig 60 represent platinum solution with an addition of
130ml of NaOH for a 2 litres solution and a hydrogen
evolution effect coincided with Fig 60(i) but the polari-
zation curve for this case was shifted towards more nega-
tive value and finally fig 60 (iii) represents platinum
solution with a high addition of 20g NaOH for a 2 litres
solution and hydrogen evolution was noted at -0.7 Volts
which the polarization curve was shifted towards more

negative value., Sodium hydroxide had the effect of 1in-

creasing the cathodic¢ current and shifting the overpoten-

tial towards more negative values.

Examination of the early polarisation trials indicated

that the concentration of sodium hydroxide had 1little
effect on the passivation characteristic during anodic

polarisation. Effects on cathodic currents were a general

increase of current with increasing Pt concentration.

Fig 61 represents data for tank D(Johnson.Matthey). Polari-
zation curves for tank D may be compared with tank A,

freshly made solution (Pt,'P’salt) and phosphate only and
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although the pH and temperature values are different,
allowance can be made by subtraction of 2¥(59)mV for pH
values for comparison between tank A &D. Nevertheless, the
hydrogen evolution cccurred at -1.0 Volts and the degree
of current inflexion was low from 18-12 mA/cm2 compared
with tank A.

Laboratory and experimental tests resulting from tank D
have shown that the rate of plating, current efficiency
and plating time have shown better improvement and these
results indicate that when the polarization shifted
towards more negative values are the operating difficul-
ties encountered in the use of all baths. The pH of tank

D,{’Q’salt} has been kept constant at values 9-10 whereas,

pH range values for tank A,('P’' salt) was 7.0-7.5 : this
effect generally agrees with the work of Dahms and
Croll(64). Dahms and Croll(64) showed that a local pH

rise near the electrode surface is favoured when H, evolu-
tion proceeds simultanecusly with deposition and it seems
that sodium hydroxide can be formed or even precipitated
in the vicinity of the electrode surface; this adsorbed
sodium hydroxide permits a high discharge rate of Pt+2
according to their postulation. Under these circumstances,
according to results shown in Figs (60-73), the hydrogen
evolution was delayed or shifted towards more negative
value with a local pH rise .

The main influence on the passivation characteristics of a
platinum solution, except for 'P’salt and 'Q’salt solu-
tions, was the pH. In essence a very low pH value resulted

in a high value for 1 and consequently, a high disso-

crit

lution rate for anodically formed films or coatings in
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this type of solution.

All two groups showed remarkably dissimilar responses at
the different pHs tested. pH 7.0 'P’ salt solution curve
exhibited high current densities for low overpotentials,
and generally did exhibit a large number of inflections.
PH 9.0 solution of 'Q’salt exhibited smaller current
values for given potentials and alse the appearance of
less marked inflection phenomena. For all pH (9.0-10.0)
'@’salt solutions currents at given potentials were gener-
ally smaller up to -1.0 volt. But it gradually increased
to 34mA/cm2 at high overpotentials -1.7 volts.

Surface characteristics after cathodic polarisation were
recorded and 'P’salt solutions were formed to yield dark,
dull finishes, with silver mat to grey shades being promi-
nent. ’'Q’'salt samples were generally reflective, bright
and less heavily coloured. _
Although these superficial investigations for 'P’salt and
'Q@'salt solutions have proved somewhat disappointing, it
does appear that interest in the 'P’salt plating is grow-
ing in the commerical/ industrial sector. In general the
'P’salt solutions produced far more inflections than the
corresponding ’'Q'salt or other platinum solutions. The
majority of these from 'P’'salt solutions were also much
more strongly defined than those from the other solutions.
Broadly categorising the inflections is difficult because
of the scatter of values from individual sclutions. Howev-
er, there does appear to be some evidence of a trend
whereby all hydrogen-evolution analogues seem to produce
inflection type features at the range of wvalues around

-700 mV vs SCE for'’P’salt and one also around -1000 mV vs
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SCE for 'Q’salt. However, it must be reiterated that these
values should be regarded as very approximate.

As a guide to corrosion resistance the diffusion coating
test was found to be useful. The results indicate that
'P'salt coatings consistently produced the best perform-
ance. 'Q'salt coatings showed large variations between the
duplicate samples tested for each processing condition.
This suggests either the diffusion coating process was
producing uneven coating or that the specimens coated at a
particular condition were truly variable. 'P'salt coatings
were clearly inferior to 'Q’salt, producing consistently
high levels of uniform coating and surface platinum corro-
sion product.

Due to the difficulty in observing the actual commencement
of hydrogen evolution in a large tank operation, it is
assumed that the actual onset occurred before these exper-
imental potentials. This suggests the second
inflection{usually strong) on the 'P’salt curve appears to
be around -800 mV vs SCE.

SEM investigations were carried out on ’'P’salt and ’Q’salt
coatings which were subjected to diffusion treatment.
However, this type of processing produced a non-adherent
coating from ’'Q’salt solution. On examination the surface
of the specimen from 'P’salt solutions generally appeared
to consist of spherical crystals. The ’'Q'salt coated
surface was made of irregular spherical crystals (some of
which exhibited internal cracks) which could possibly be
as a result of post-treatment which resulted in the
cracking of the initially-formed film.

Referring to three electrolytes with different phosphate
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ratios having a constant platinum content of 3.0g/1 Pt,
the bath composition and operating conditions being given
in Table 37 and the effect of wvarious potentials upon
these electrolytes shown in Tables(38-39). Although care-
ful attempts were made to maintain constant experimental
conditions, the weight gains obtained during a series of
similar plating were subject to considerable variation.
Thus large variations in the rate of cathode current
efficiency obtained. The phosphate ratios of 7:1, 4:1 and
1:1 were prepared with a high degree of accuracy and
cathode efficiency measurements were made and are given in
Table 40,

From the above results it may be concluded that the elec-
trolyte with the high ratio ,ie, (7:1), has the highest
cathode efficiency and hydrogen evolution did not take
rlace until the maximum current density was achieved; this
corresponds with cathodic polarization having a more
negative wvalue. This is probably due to the amount of
disodium orthophosphate in seclution.

Further tests were carried out with and without phosphates
in platinum solutions and this method was repeated by
using phosphates in platinum solution. ( see Figs 64 &
65). Solution from tank A was used and results are shown
in Fig 66. It appears from Fig 66, that higher tempera-
tures could raise the current density and lower hydrogen
evolution or vice versa. These tests were also carried out
by using fresh platinum solutions shown in Fig 67.

Effects of high and low pH as well: as temperature were
investigated upon cathodic polarisation and this is shown

in figs{68-69). Figures(70-71) represent the cathodic
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polarisation for platinum baths with high pH and platinum
content compared with low pH and low platinum content.
Platinum plating bath No.16 was investigated for cathodic
polarisation with and without platinum content as well as
the effect of high and low temperatures and these are
shown in Figs {(72-73).

J.M.West(ss) has explained that, where +the deposition
potential lies below the reversible hydrogen ion poten-
tial, there will generally be some concomitant hydrogen
evolution and possibly also reduction of other foreign
ions from solution. All these other processes consume
non-useful current from the electroplater's point of view.
When the cathodic ovérpotential for metal deposition is
high there is a correspondingly increased opportunity for
hydrogen gas evolution{particularly as the hydrogen reac-
tion proceeds readily on the 'inert’' or catalyst metals).
Therefore, the current efficiency always tends to be low.
This statement should be related to polarization curves of
Fig 61 representing tank D(Johnson Matthey) processing.
Polarization curves for tank D may also be compared with
tank A, freshly made solution (Pt,’p’salt) and phosphate
only solution and, although the pH and temperature values
are different, allowance can be made by subtraction of
2%¥(59) mV for pH values for comparison between tank A & D.
Nevertheless, the hydrogen evolution occurred at -1.0
Volts and the degree of current drop was low from 18 to 12
mA/cm2 compared with tank A.

Laboratory and experimental tests resulting from tank D
have shown that the rate of plating, current efficiency

and plating time have shown improvement and these results
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indicate that with polarization shifted towards more
negative values such operating difficulties must be

encountered in the use of all these baths

5.2 HYDROUS OXIDE FORMATION ON PLATINUM- A USEFUL ROUTE

TO CONTROLLED PLATINIZATION

The formation of thick hydrous oxide film on platinum
under potential cycling conditions has been investigated
by R.J.Morrissey and L.D.Burke(65_67) as a function of
sweep limits, and solution pH. Hydrous oxide growth was
observed 1in both acid and basic solution but not at in-
termediate pH values(4~10). One immediate practical impli-
cation of the work was for. the activation (or reactiva-
tion) of platinum surfaces. An interesting fundamental
point also emerging from the work was that from a thermo-
dynamic viewpoint platinum may be suprisingly susceptible
to oxidation to form an insoluble, highly hydrated species
at quite low potentials(less than 0.0V vs RHE) in basic
solutions. The reason why such species are not normally
observed under positive, single-sweep conditions is proba-
bly due to the inability of the ligands involved( 02_, OH™
and OH, species) to coordinate in a symmetrical manner
about a platinum atom that is partially embedded in a
metal lattice.

An extensive survey of the platinum electrode system was
carried out just over a decade ago by Feltham and

(68)

Spiro This topic is still of considerable interest in

the fuel cell field, in the context of platinized or
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finely divided surface platinum. The use of the latter of
course 1is not without its problems; apart from the ques-
tion of expense, service lifetime is usually limited by
poisoning, spalling and sintering phenomena during usage.

R.J.Morrissey and L.D.Burke!86767)

investigated the in-
crease in electrocatalytic activity due to the formation
of a finely divided platinum layer at the electrode sur-
face on reduction of the hydrous oxide and it was found
that it was first necessary to measure the surface area
values.,

Although the formation of hydrous oxide on platinum under
anodic condition was very sluggish reaction, the reduction
of this material appeared to occur with little inhibition.
This is not only clear from the present work where a
linear relationship between peak current density and
sweep-rate is outlined for the reaction but also from the

experiments reported by Shibata(72)

where potential fluc-
tuations during reduction of the hydrous film with period-
ically interrupted current were small especially compared
with those recorded during reduction of the mono-type film
in the same experiment. On the basis of the temperature

(70) also concluded

dependence of the cathodic peaks, James
that the hydrous oxide reaction occurred without much
inhibition. An interesting question in this area{which
alsc applies to the work of Gold(73))is why, if the
hydrous oxide reduction reaction is so facile, is its
formation so strongly inhibited? Since the hydrous film is
thermodynamically more stable than the anhydrous layer, it

should be formed prior to the usual oxide monolayer. The

reduction of the hydrous material has been represented

122



previously(sg) by the equation:
+ _—
[PtO,(OH),.2H,01,_ +6H +4e = Pt+6H,0

Evidently the reverse reaction is inhibited by the exist-
ence of one of the reactants, not in the form of free
isolated atoms, but as part of a metal lattice structure
where access of ligands is strongly retarded. Before the
overpotential for hydrous film formation reaches such a
value, the activation barrier for this process must be
overcome and monolayer oxide formation then commences.
Since this probably may further stabilise +the platinum
species at the metal surface, it serves to 1increase the
inhibition invelved in forming hydrous Pt(IV) species at
the eléctrode surface. The ability to produce hydrous
material in a regular manner using the potential c¢ycling
technique seemed to depend largely on the metal atom
displacement effect arising from the repetitive formation
and reduction of this thin compact layer. Access of 1lig-
ands to the central metal ion was apparently facilitated
by the less compact nature of the oxide formed from such
dispersed species. It is not clear in what part of the
film reduction commences, eg. at the metal/ oxide or
oxide/solution interface. Reduction in any event entails
electron insertion from the metal and proton insertion
from solution and inhibition of either would lead to a
rise in resistive(iR potential drop) effects, i.e. the de

crease in peak potential with increasing sweep-rate (and
increasing reduction peak current) may simply be due to an

increasing iR component in the recorded peak potential



values. An odd feature, commented on previously alsc by
Shibata{72), was the asymmetry of the hydrous oxide reduc-
tion peak. The unusually sharp drop at the more negative
potential may be due to the fact that when most of the
oxide is reduced, charge transfer inhibition, and similar-
ly the iR component, virtually vanishes,

Under strongly anodic conditions some oxygen was assumed
to penetrate, by means of place-exchange-type reactions,
into the outer regions of the metal lattice. There is some

controversy here(71)

as "to whether these oxygen-rich
layers should be regarded as adsorbed oxygen films,
regular (PtOz)or even Pt(OH)z or non-stoichiometric phase
oxides. The important point, from the hydrous oxide growth
and surface activation viewpoint, is that oxygen penetra-
tion results in the displacement of platinum atoms from

regular metal lattice sites and weakening of metal-metal

bonds in the outer layer.

6.2.1 EFFECT OF SOLUTION pH ON THE HYDROUS OXIDE GROWTH

REACTION

The effect of solution pH on the hydrous oxide process was
speifically studied and illustrates that the efficiency of
the reaction decreased dramatically with increasing pH
over the range 0 to 4(not shown). Virtually no hydrous
oxide formation was observed on cycling within the pH
range 4 to 9. A major increase in the rate of oxide
growth with increasing-pH was observed:within the range 9
to 14.

A somewhat similar pH dependence has been described previ-
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osuly(74)

for thermally prepared Rqu electrodes where
the volammetric charge associated mainly with surface
psiudo-capacitance reactions showed a U-shaped variation
with solution pH. In recent years, work on hydrous oxide
growth on iridium under potential cycling conditions(75),
also showed the same type of pH dependence at low pH as
for platinum, interaction of the hydrous film with protons
from soluticn at low pH {(and, in the present case, hydrox-
ide ions at high pH) was assumed to enhance oxide growth

by catalysing the rearrangement of the initially ampor-

phous surface oxide layer.

Apart from being of intrinsic interest, the production of
hydrous oxide films on platinum in both acid and base
solutions was of considerable practical importance as it
provided a simple route to controlled platinization. Thus,
along with the possibility of reactivating a platinum
impregnated electrode system, the present work demon-
strates that the cycling procedure is a useful technique
for the pretreatment of platinum surfaces prior to funda-
mental investigations 1in electrochemistry and related
areas.

The hydrous oxide produced on platinum is not unlike that
formed on gold in that it reduces to the metal at more
negative potentials{even in terms of a hydrogen reference
electrode in the same solution) as the pH of the solution
is increased. (The present results for platinum in this
respect are 1in agreement with earlier observations by

(77)

Shibata who found it difficult to reduce dc grown

thick oxide films on this metal in base). As outlined



£73) this 1s apparently due to the fact that the

previously
hydrous oxide is present in an anionic form: although
direct experimental confirmation is lacking at the present
time(78'7g), the oxvyplatinum compound present is assumed
to be a Pt(IV) species. One of the most interesting as-
pects of the present work from a fundamental viewpoint is
that, of the various possible oxides in this systen, the
hydrous platinum oxide is the most stable. This is the
reason why no electrochromic transition 1is observed. The
higher oxidation state, probably'Pt(IV), is more stable in
the hydrous state than Pt{III}, Pt{(II) or Pt(I), i.e, when
reduction eventually occurs it proceeds right through to
the metal in one four-electron réduction step. From a
thermodynamic viewpeoint platinum seems to be susceptible
to oxidation at surprisingly low potentials, <certainly
less than O V {RHE) in basic solutions. The barrier or
inhibition associated with hydrous oxide formation is
normally so high that the possible presence of this mate-
rial is widely ignored. However, traces of Fhis oxide,
produced perhaps in surface pretreatment steps, especially
in the case of work in basic solution where removal by

reduction is gquite difficult, may affect the kinetics of

interfacial reactions in this system.

The Nernst equation for a reduction reaction

n+

M + nE > M°

is:

e

E=E® - (RT/nF)ln (ay/a,"™")----(1)



or at 298K and one atmosphere pressure and unit activity
of scolid metal deposit

o

E=EY + (0.059/nllog Nty .- (2)

10 {2y
Note that the potential shift due to non-standard condi-

tions 1s approximately
AE=(E—EG) ------ (3)

This can be regarded as an overpotential.
The equilibrium constant for a complex is typically

2+

ptc1,%7= pt?t 4+ 4c1”

e, [pec1, 271 / [pt?*1 grc11t=10710--4)

From which [Pt?*] is approximately 10-16/5———(5)
because [PtClqzﬂl is approximately 1 for a strong complex

2+ |, 4c1” = 5 ions

and 1 xPt
.. . -16/5

each of activity approximately 10

Substituting values of E into equations (2) and (3) and

For -500 mV overpotential
~0.5= (0.059/2) logygay""
+

= n
-0.5= 0.0295 logpay

1og10aM“+ = -0.5/0.0295



n+_
ay < 1

0—16.95
For -600 mV overpotential

~0.6= (0.059/2) log;gay™’

-0.6= 0.0295 1og10aM“+

log gay"’ = -0.6/0.0295
n+
logloaM = -20.34
n+_ ;,-20.34
ay = 10

Similarly for -650 mV overpotential

For -700 mV overpotential

aMn+= 10-23

and for -750 mV overpotential

aHn+= 10—25.4

From the above calculations it can be concluded that as

excess Cl  is high, the activity of Pt2+is less and hence,




Pt2+ will be less than is being estimated so that the
calculation is Justified.
Comparison can now be made between the calculated wvalues

of Pt2?

activity for a given presumed potential shift and
those potential shift values observed. Of all the combina-

tions considered, the most credible is

2+

16
apt

=10~ , AE = 500 mV
Consequently it is reasonable to attribute the potential
shift primarily due to the chloride complexing effect for

pt2t,

5.3 INVESTIGATION OF PHOSPHATES IN PLATING TANXS

5.3.1 EFFECT OF PHOSPHATES CONCENTRATION IN PLATINUM

SOLUTION

The drag-out tank should preferably be lined
with plastic and kept covered when not in use. Under these
circumstances drag-out solution may be returned to the
main tank but if there is any possibility of contamina-
tion, this should not be done. Somehow the drag-out solu-
tion has not been returned to the actual platinum plating
tanks and as a result of this effect, the amount of
phosphates in each tank was dropped at the end of each
month. This 1is clearly an important matter ifl standard
practice 1is to be introduced.

Considering, the maximum and minimum amounts of phosphates
of each tank, the average loss of phosphates in each tank

would be 15.3g/1. But the volume of each tank is 170



litres so;

170%15,3=2600¢ for 170 litres for two months or
1300g/month.

Assuming that, if 500 items or blades would be electro-
prlated per week, during a month this would be 4000 items
or blades so 1300/4000=0.325¢ phosphate. This reduction in
phosphates could ultimately have significant effect on
platinum losses and therefore losses in a company's finan-
cial profits due to the high price of platinum ( approx.
£11.0 per gram in 1991).

As the concentration of platinum in each tank is 3.0-
4.0g/1 Pt, for 170 litres the total is 510-680g Pt. Conse-
quently, for 4000 items or blades 510-680%0,325(loss 1in
phosphates)/total phosphates in one tank, can result in 43
to 58g Pt loss over 4000 items. This means a loss of

£(473-638) in financial terms.

5.4 RECOMMENDATIONS FOR THROWING POWER

The results related to the use of anode electrodes, given
in the results section with the effect of Ni and Ni strike
solutions and parameters, require one or two preliminary
comments. Firstly, an increase in applied current resulted
in producing a larger deposited or covered area; secondly,
having used low current, the deposit thickness variations
are more uniform and deposited in mid-section of deposit,
compared with higher current.

According to Figure 80 the spherical anodes produced
deposits of the required thickness within the deposit

diameter . Nevertheless, these deposits tended to indicate



that with higher current ( see Fig 80) the deposit size
scattered within the longer range and the actual shape of
deposit was not maintained. By contrast, with lower cur-
rent the exact shape was reproduced, despite not produc-
ing the desired thickness. Now having used longer plating
times (range between 5-10 minutes) with 5mm interelectrode
separations , the desired thickness was attained success-
fully.

The interelectrode separation range of 3-5mm was used with
the above solutions. However, using a Ni-strike with an
operating current of 530-650mA, interelectrode separation
of 3-5mm and a constant plating time of 5 min proved to be
insufficient in maintaining the required thickness of 5.0
um (not shown). Moreover, after thickness measurement, it
was found that the maximum thickness was only 1.2 um. A
second attempt was made with higher current ranges of
1.0-1.4 and 1.5-1.6 Amp , plating time of 5 minutes with
an interelectrode separation of 5mm. This time, the

required thickness was achieved.

5.5 PULSE PLATING

The results presented in previous sections have shown how
the use of pulse plating may be utilised to produce good,
dark deposits of Pt when the following influences are

established.

(1) Effect of current densities upon deposit.

{2) Effect of on-time to off-time ratio.



5.5,1 EFFECTS OF CURRENT DENSITIES UPON DEPOSITS

As can be seen from the pulse-plating results, increasing
the current densities used has achieved a number of advan-
tages 1n electrodeposition. In particular, a higher cath-
ode efficiency than in conventional plating has been
obtained from all platinum solutions investigated.

An extensive study by Ibl(49) showed that a wide variety
of current distribution effects could be found in every
day plating practice. Increase in the c¢urrent density
results in an increased rate of formation of nuclei, which
give a fine-grained and adherent deposit. But increase in
current density using conventional-plating causes local
impoverishment of metal ions round the cathode electroly-
sis with increased hydrogen evolution and, consequently,
the deposits became either dark or unadherent. Premature
hydrogen evolution leads to lower efficiencies of course.
Figure 7 shows a schematic representation of the mechanism
of cathodic deposition. It would be appear that, by inter-
rupting the plating process during the time that the
current is off (100 or 200 msec), the solution concentra-
tion within the so-called diffusion layer, has time to
become replenished and platinum atoms (Pt2+) or ‘'adatoms'
at the cathode surface shown in same figure have time to
migrate to equilibrium sites of lattice. Before reaching
the cathode surface the platinum atoms combine with water
molecules: this process is an important part of the over-
all transfer process.

Using normal plating, the higher the current density being

used the less time the 'adions' have to find the most



suitable discharge sites which could lead to greater
distortion 1in the growing lattice. In practice this dis-
tortion would show up as stress in the deposits. The use
of pulse plating associated with higher current densities
have shown that a less distorted lattice can be formed and
a softer more ductile deposit may be produced.

Figures{85-105) show a comparison between pulse and
conventional plating used, for various current density.
The results appear to indicate that pulse plating deposi-
tion for all solutions produced dark deposits and high

cathode efficiency values compared with direct current.

5.5.2 EFFECT OF ON-TIME TO OFF-TIME

Pulsed-current electrolysis with ratio of on-time to off-
time of 10/100 and 10/200 msec have been applied to the
deposition from platinum solution. In pulse plating, the
off duty factor, the pulse duration and the current densi-
ty are all related to the obtaining of a high quality
plating rate at least comparable to normal plating. The
surface morpholeogy of platinum deposits, plated with
pulsated current of periods in the 10 msec on and 100 msec
off range with fixed average plating current density, are
affected significantly. This significant factor was ob-
served during the pulse plating process and this is shown
in Figures (84-105) . The most plausible explanation is
that adsorption of an inhibiting species, which block the
growth centres of the cathode during the off-time, yield
finer grained deposit.

N.Ibl(49) has explained such features in terms of the



availability of high current density in pulse-plating
which generates free additional energy, and because the
free energy for the electrode reaction is much higher than
that for direct current. Therefore, this can strongly
influence the crystallization features. As the nucleation
rate is enhanced in the initial crystallization, the final
grain size become smaller. A summary of pulse plating’s
practical features are shown in Figure 108 for the specif-
ic equipment used. The use of pulse generator, oscillo-
scope, power mosfets distinguishes the pulse plating
procedure from conventional plating arrangements, and
obviously has implications for equipment usage and overall

economics.
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CHAPTER 6

6.0 DISCUSSION: PRCCESS IMPLICATIONS

A study has been under-taken to define +the processing
parameters which influence the electrodeposition beha-
viour. The control of electrodeposition by means of pulse
plating has been investigated and the following conclu-
sions drawn;

{i) Higher cathode current efficiencies have been achieved
with higher current densities using pulse plating.

{ii) Higher weight gains and darker deposits were resulted

using pulse plating.

6.1 CLING FILM

The weight of low molecular weight polymeric contami-
nant entering the plating solution during a typical plat-
ing run with 30 components in the bath would be about
4,0g. Some or all of this could be removed by adsorption
on the carbon filter in the recirculatory system of the
bath, It is unlikely that small levels of contaminant

would influence the efficiency of the plating process.

6.2 NATURAL RUBBER

After long research and communicating with .other firms
dealing with polymers and rubber , it was decided that

natural rubber was the final choice; it was utilized for
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over 10 hours and it was found that this material could
withstand the electrodeposition of platinum without plati-
num depositing on it. Consequently, C.U.K Ltd decided to

go ahead with ordering the actual mould for rubber hoots.

6.3 COMPARISON OF SOLUTIONS

6.3.1 CHARACTERISTICS OF BATH COMPOSITION

Bath Nos 16-19 have given the highest cathode current
efficiencies compared with bath Nos 1-15. The common
additive factor is a 'P’ Salt which all baths 1-19 con-
tained. From Tables 24 and 29 it can be seen that phos-
phate salts were replaced by sodium acetate and sodium
carbonates. It appeared that sodium citrate, sodium sul-
rhate and sodium chloride could improve the stability of
these baths.

M.Pushpavanam and et al(sl) have claimed that with baths
No.s{16-19), the current efficiency starting from 4 g/l is
about 5%, rising to 30% with 10g/1 platinum content. It
can be seen from the above tables that current efficien-~
cies started from 18% and rose to a maximum 52% with
constant usage of 5g/l1 platinum content. The only differ-
ence was higher pH value 11.5 that was used in above

1(81) who

experiments compared with M.Pushpavanam and et a
used values of 8.0-9.5.

Bath No.85 from Table 27 has proved to have the lowest
current efficiency due to the nature of solution (Platinum
present as dinitritosulphato- platinum complex). OMI
International(sz) has shown that with above bath they

found a very good performance in the current density range




of 5 to 10 mA/cm?, ranging from 12% to 28% current effi-
ciency with 4-10 g/l platinum content. Table 27 and Fig 90
show that the current efficiency was relatively high(4.9%)
with lower current density and diminished to 0.3% with
high current density.

The deposits obtained from these baths had a yellowish-
white appearance.

’Q'Salt from Johnson Matthey has proved to produce the

higher cathode efficiency with lower current density.

6.3.2 LOW AND HIGH CURRENT DENSITY CHARACTERISTICS OF

PLATING BATHS

A new method of plating was described in section 4.,1.2
which was shown to produce higher current efficiency. This
method as described before and shown in Fig 50, uses a low
current density for few minutes followed by higher current
density for longer period. This method only applied

with’'Q' Salt, and with 'P’Salt was ineffective.

6.3.3 METAL ION CHARACTERISTIC OF PLATING BATHS

One of +the inherent disadvantages of platinum is their
relatively purchase cost. It was this problem which led to
the appraisal of much lower platinum concentration solu-
tions for use in the electroplating and cathodic polari-
sation trials.
M.Pushpavanam et 31(81) have claimed that with use of
'P*'Salt (Bath.I) exhibits an almost steady cathode cur-

rent efficiency, whereas with combination of 'P'Salt and
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other additives{Bath.II) such as sodium nitrite ,sodium
sulphate and sodium chloride and finally bath containing
'Q'Salt (Bath.IIl)differences are observed beyond 6 g/1.
The efficiency is higher for 'Q’Salt bath than for Bath.I
and Bath.II. Bath.III is so influenced by the metal con-
centration, there is a drastic loss of efficiency which
goes down to 5% for 3 g/l metal content in solution and
the deposits obtained are grey in colour. Bath.II gives
very poor efficiency for 5 g/1 or less platinum in solu-
tion. .

Bath.I, in which the optimum metal ion concentration is
only 5 g/1 , vields good deposits and there was sufficient
platinum present to eliminate the need for constant re-
plenishment. Bath.I, yields even with 3 g/1 platinum in
solution, but below this concentration black streaky
deposits, which become powdery with an increase in thick-
ness, are obtained.

It can be seen from the practical results given 1in Figs
48-49 that the range of platinum content is between 2.0~
5.0 g/l and was found to give high current efficiency and
good performance in the current density of range 8-16

mA/cm2 h (81)

Whereas, wit results in the range of 5 to
10 mA/cmz. Figs 54-58 that ’'P’Salt and ’Q’salt baths have
similar results compared with above results.

Consider the virture of increasing the platinum concentra-
tion in solution to increase current density, using equa-

tion below;

i, = rlFCD/S in which i;xC

The limiting current is equal to the product of limiting

-
-
©



current density and electrode area:
i, = jL A ————-— (1)
Where; J1=nFD_C_/§y (Fick’s First Law)---(2)
and equation (1) may be written:

ig= An F D, Cy/ by -——--(3)

Where; i
D,= Diffusion coefficient of oxidation(mzs_l)
C,= Concentration of oxidation{mol m—3)

F= Faraday Constant(96485 C moipl)
A= Electrode area(mz)

Nernst diffusion layer thickness (m)

3

For a given electrode reaction and electrolyte, the limit-
ing current may therefore be increased by adopting the
following strategies:

(1) Increasing the active electrode area, A.

{2) Increasing the diffusion coefficient, D by, for

o
example, elevating the temperature.

{3) Increasing the reactant concentration, C,

{4) Decreasing the Nernst Diffusion layer thickness, gN,

by enhancing relative electrode/ electrolyte movement.

The concept of a diffusion layer is widely used but it is
not usually possible to directly measure SN experimental -
ly. Electrochemical Engineers therefore prefer to write

equation {3) as:

I, =A n F K C_ ----- (4)
Where Km is a rate constant for mass transport and is
known as the mass transport coefficient {(unit: msnl). It

is defined by the equation:

1 3%



and is measurable by experiment.
A comparison of equations (3) and (4) shows that the mass
transport coefficient is directly related to the Nernst

diffusion layer thickness as follows:

sz DO/ SN —————— (6)
It is important to relate Km to the electrolyte flow
conditions. It is generally found, for a given electrode

geometry and electrolyte flow condition, that:

Where V 1is a characteristic velocity {e.g. the 1linear
velocity of an electrolyte or the rotation speed of a
rotating electrode). The velocity exponent {0.3<a<l)
depends upon the electrode geometry and the flow regime
(e.g. laminar or turbulent flow}.

Considering expressions (4) and (7}, we may write an

expression for the limiting current:

Where K 1is a constant which depends upon the electrode

geometry and the flow conditions(83'85).
For a rotating disc electrode (RDE) in laminar flow, the
constants 'K' and ’a’ are very well established and ex-

pression (8) becomes:
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- k
1, = 0.62 n F D 2/3 vTH/E 4o o9

Where v is the Kinematic viscosity of the electrolyte and

w 1s the rotation speed of the RDE(83—87).

6.4 CURRENT VERSUS ELECTRODE POTENTIAL RELATIONSHIPS

UNDER PURE MASS TRANSPORT CONTROL

At egquilibrium, the electrode potential may be described

by the Nernst equation

E = E°

e o t (RT/nF)lnCO —————— {7)

Where E® , is the formal potential i.e, the equilibri-

e

um potential when C_ =1 mol dn"3. If the electrode is
reversibly taken away from equilibrium to a more negative
value its new potential will be

Val
Ee: Ee, + (RT/nF)lnCO, —————— (8)

Where C,» is the new metal ion concentration, which must
be less than the original value due to metal deposition
‘Co’ < Co). The overpotential, 1} is defined as the dif-

ference between the actual potential and its egquilibrium

value:

and the concentration overpotential, which exists due to

mass transport control, is obtained by subtracting equa-

EN




tion (7) from (8) as:

Tfonc =(RT/nF)(lnCo,—lnCo) --=(10)
or
qfonc =(RT/nF}ln(Coa/ CO) ---{11)
Co may be identified as the bulk concentration of

reactant and Co’ as the surface concentration under limit-

ing current conditions such that:

Jeonc =(RT/nF}[1n(Cys)y-o/ C,l1 ---(12)

The concentration terms may also be related to Fick’s

First Law which may be written as

3/nF=-K_[C_-C_»1 .o -~-(13)

or

(Co=Cyr)yog -J/nFK_ ---(14)
Division of equation (14) by C, gives:
(C,/Cu=Cyr)yag/Co -3/nFK C_ ---(15)
Coryx20/Co=1 ~J/nFK C, =---(16)
Substituting the 1left hand side of equation{(16} into

equation (9) gives:

Neone =(RT/AF)In(l -§/nFK ) ---(17)

Recalling equation (4) allows equation (17) to be written
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as:
?conc =(RT/nF)lnil —I/IL) ---{18)

Which describes the overpotential in terms of the cur-

rent for a reaction which is under pure mass transport

control. Such reaction conditions are usually termed

'reversible’ or 'fast. Equation (18) may also be written

as an expression for the current:
I=IL(1*exp nF ?

This relationship describes the idealised shape of the
current versus overpotential. At more negative overpoten-
tials, the current becomes more hegative(corresponding to
an increasing' fate for a cathodic process}) until the
limiting current is reached. At I=IL, the concentration
overpotential becomes infinite (?conc >} and the
limiting current plateau represent a current which is
independent of potential. In practice, the continuation of
the plateau is restricted by the onset of a secondary
reaction (such as deposition of a less noble metal or the
evolution of hydrogen) when the overpotential becomes
sufficiently negative.

Such theoretical concepts may sometimes neglect important
practical factors which have a bearing on commercial
decisions. For example, increased platinum concentrations
in solutions raises the inventory charge for the process;
enhanced agitation requires substantial energy use. Such
aspects are not being considered in the context of this

thesis but should be noted at this point.




6.4.1 THE INTERPLAY BETWEEN ELECTRON TRANSFER AND MASS

TRANSPORT CONTROL

So far pure mass transport mass has been considered, 1i.e.
the rate of transport of a species to {(or from) the elec-
trode surface is the slowest{ and therefore the rate
determining) step in the overall reaction. F.C.Walsh(gs)
has considered another extreme case in which electron
transfer was the slow step. In practice, it is common to
experience a large region of overpotential where the
reaction rate is controlled partly by electron transfer.
Such reaction conditions are said to be under ’mixed
control’, In certain cases, it is possible to experience
three distinct potential regions;

1- Pure electron transfer control

2- Mixed control

3- Pure mass transport control

6.5 EFFECT OF TEMPERATURE CHARACTERISTICS OF PLATING BATHS

(89) have claimed that with

M.Pushpavanam and et al

'P’Salt(Bath.I)a solution could be operated at ambient
temperature (32°C), but for obtaining thin coatings( <
0.8mm J)at a slightly higher rate of deposition, higher
temperatures of the order of 45°C to 50°C can be utilised.
Higher temperature operation is, however, not advisable
for prolonged production of thicker coatings since only
flaky deposits are obtained. Even a nickel undercoat does

help in obtaining thick coatings at higher temperatures.

Bath.II functions at a higher efficiency with increase in
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its temperature; however, the corresponding loss of ammo-
nia leads to a progressive decrease in the pH wvalue and
the deposition eventually ceases. A bath temperature of 65
to 70°C is suitable for obtaining quality deposits with a
reasonable current efficiency. Below 65°C, however, no
deposition was found to take place.

Bath.IITI also exhibits a similar -behaviour at temperatures
below 50°C. The bath has a high efficiency and produces
dull deposits at temperatures of 55 to 65°C. At still
higher temperatures the bath decomposes.

In fact higher temperatures were investigated and these
results are given in Fig 56. With a temperature of 96°C
the steady increase of cathode efficiency can be seen
compared with lower temperature 86°C. 1In general, a
higher operating temperature for the plating bath permits
higher plating rates because of improved mass transport,
but it also increases the thermal decomposition tendency
of the plating bath, resulting in precipitation of the
dissolved platinum group metal(s).

It is a common misapprehension that reaction rates in-
crease with temperature only because molecules

collide more fregquently. Clearly there is another factor
to consider apart from collision frequency. This factor is

the proportion of collisions which actually lead to a

reaction ('fruitful’ collisions). The proportion of
'fruitful’ collisions rises steeply with temperature for
many reactions. On the basis of activation energy and

potential energy, it is clear that for many reactions only
a small proportion of molecules have sufficient kinetic

energy for ’fruitful’ collision. As temperature increases,
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the average kinetic energy increases and the proportion of
molecules with kinetic energy greater than or equal to EA
also increases. This is demonstrated by Maxwell-Boltzman
distributions at two temperatures. He showed the number of
molecules of different kinetic energies plotted against
the average kinetic energy. The numbers of molecules
having kinetic energy greater than or equal to E, areas
were obviously greater at the higher temperature. The

proportion of molecules having kinetic energy greater than

or equal to e, is given by

e—E/RT

Considering the temperature effect as a means of increas-
ing rates. The Arrhenius law describes classical behaviour
under thermal activation;

Rate= K  exp (-Q/RT)

Where @ is the activation energy.

6.5.1 LOW TEMPERATURE

Since the very existence of a metal is determined by the
skin of oxide on its surface, and since the reaction of a
metal in gaseous media at all temperatures determines the
possible uses of that metal, it is clearly important that
the mechanism of oxide growth should be understood.
Oxidation rates are usually described with reference to

the mathematical relationship found between the oxide
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thickness, y, which is assumed to be uniform, and time, t.
At low temperatures and for thin films the relationships
are of the form y= Kl logt, logarithmic, 1/y = KZ_KS logt,
inverse logarithmic, and y= K4[1- exp (-K5t)], asymptotic,
where K;-K; are constants.

Across very thin layers of oxide a very strong electric
field 1is created. Under this field oxide growth can be
expected. Metal ions are pulled trough the film. As the
film thickens, the effect of the field diminishes rapidly
and is no longer sufficient for further growth. Unless
there 1is sufficient thermal energy present to cause con-
tinued growth by ionic diffusion under a concentration
gradient in the film, the rate of oxidation will fall off
rapidly.

It is important to observe at this point that logarithmic
growth is found in films that are very much thicker than
it is possible to form under a high electric field. Expla-
nations are usually based upon physical changes that occur
within the oxide. One common example arises where vacan-
cies in a film condense to form cavities. Assuming that
there 1is no transport of matter across the cavities, the
oxidation paths will be constricted as the film thickens.
Usually the growth-rate of this type of film becomes
logarithmic only gradually and the initial growth-rate is
much faster, being associated with relatively high temper-
atures. Other explanations are based upon ‘ageing’ of
films, producing changes that are not well understood, but
which produce logarithmic growth-rates. Logarithmic growth

is usually associated with thin films at low temperatures.
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6.5.2 HIGH TEMPERATURE

At higher temperature ranges the rate of oxidation ceases
to obey a logarithmic type law. Growth now becomes more
rapid and above some temperature follows a parabolic law,
generally described as y2= Kt, where K is the parabolic
rate constant and different from any previously mentioned
constants.

In parabolic oxidation the driving force for the reaction
is twofold. Firstly, there is a concentration gradient"
across the film and secondly, there is an electric poten-
tial gradient. These are responsible for diffusion and
migration, respectively, across the film. Since the rate
for both is inversely proportional to the thickness, the

thickening rate of the oxide,

dy/dt'deiffusion/y + Kmigra.tion/y

and Kdiff + K =K, the observed parabolic rate constant.

mig
Under the conditions that {a} boundary reactions can be
ignored, and (b) the field does not act on the moving
particles asymmetrically, the energy dissipated is the
same in both cases so that it is legitimate to consider
parabolic oxidation from a diffusion or an electrical
migration aspect.

The concentration gradient in the film produces a differ-
ence 1in chemical potential across the film which in turn
results in the necessary free energy change for diffusion

to occur.

From the simple version of Fick’s diffusion law:

148



dm/dt= D A {dc/dx) --———-=======- (1)

Where dm = mass of matter diffusing across a distance dx
in time dt, D = constant, A= area, and dc= <concentration

difference across the distance dx.

Integrating,

m= D A {(dc/dt) t + constant - —----- {(2)
If m= mass of diffusing species in an oxide, ¢ = oxide
density, W = molecular weight of the oxide, M = atomic

weight of the diffusing species in the oxide and n= number

of atoms of that species in a molecule of oxide, then:

m=y A¢g *nM /W -———mmeeee—nea- (3)

Substituting for m in equation (3) from equation (2) and

for dx which is equal to y:

vy AL M n/Wig = D A {(dec/y) t

Therefore,

The parabolic growth of oxides is commonly found in nearly
all metals over some temperature range. It is a thermally

activated diffusion process and the rate constant,

K = KO exp - { Q/RT),
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Where,

o
"

activation energy for the diffusion process, involved,

R= gas constant,

T= absolute temperature

K,= is a constant

If only one ion is diffusing through the oxide during 1its
growth, then the value of q for the oxidation process will
be the activation energy for the diffusion of that ion.
This wvalue can sometimes be compared with independently
determined values of activation energy for ion diffusion

in oxides and thereby provide an important experimental

verification for the rate-determining process.

In general, an increase in the temperature of deposition
causes an increase in the crystalite size. This increase
in crystal size corresponds to a decrease in polarisation
at the higher temperature.

That fine-grained, smooth deposits are often produced in
intentionally heated solutions is caused by the fact that,
at higher temperatures, higher current densities are
possible and customary. The higher current density coun-
teracts the effect of the higher temperature. The influ-
ence of temperature is caused by a greater soiubility and
dissociation of the metal salt, which, in turn, leads to a
higher conductivity of the solution. A high temperature
increases the mobility of the metal ions and decreases the
viscosity of +the solution, so that the cathode film 1is
more rapidly replenished. This reduces the tendency toward
treeing and also increases the current density obtained

with a given voltage. Another advantage of high tempera-
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ture is that there is usually less absorption of hydrogen
in the deposits and less stress and tendency toward crack-

ing, this is especially true of iron, nickel, or cobalt.

6.5.3 BATH COMPOSITION-METAL CONCENTRATION

Because metal can be deposited only from solutions that
contain some disscolved compound of that metal, it might
appear advisable to have the highest possible concentra-
tion of that salt, e.g., a saturated solution.

Among the advantages of using a strong solutions are;

(1) a higher conductivity,

(2) a higher permissible current density,

(3) a higher cathode efficiency.

Its disadvantages include;

(1) 4its increased cost, both for initial preparation and
to replace the drag out{(which is relatively greater in
stronger and more viscous solutions),

(2) the tendency to salts crystallize out if evaporation
occurs or the temperature is lowered,

(3) a probable decrease in -anode efficiency.

In practice, intermediate concentrations are used, but the

present tendency is to employ as strong a solution as

feasible. An increase in metal concentration under given
conditions decreases the cathode polarization and , as
predicted, increases the crystal size. Just as with an

increase 1in temperature, the higher current density that
can be used with more concentrated solutions may effec-
tively counteract the effect of concentration on the

crystal sicze.
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6.5.4 METAL-TON CONCENTRATION

Because metal deposition is the result of discharge of the
metal ions, the concentration of the latter is more impor-
tant than that of the metal compounds from which they are
derived. In general, a decrease in metal-ion concentration
increases the cathode polarization, decrease the crystal
size, and improve the throwing power. If the desired low
metal-ion concentration were obtained by merely using a
dilute solution of a simple metal salt, the supply of
metal at the cathode would be very quickly exhausted and
the 1limiting current density would be so low as to Dbe
impractical., This difficulty can be overcome by using
solutions that have a high concentration of metal com-
pounds but a low metal-ion concentration. The metal com-
pound then serves as a reservoir that replenishes the

supply of ions as they are discharged.

6.6 OPTIMUM SOLUTION COMPOSTITION

Optimum soclution compositions have been established for a
number of solutions. Preferred solutions are bath Nos 16-
19 have given the highest cathode ‘current efficiencies
compared with bath Nos 1-15. The common additive compound
is a 'P’ Salt which all baths 1-19 contained. From Tables
24 and 29 it can be seen that phosphate salts were re-
placed by sodium acetafe and sodium carbonate. It appeared
that sodium citrate, sodium sulphate and sodium chloride

could improve the stability of these baths.
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CHAPTER 7

7.0 DISCUSSION: INDUSTRIAL PRACTICE FOR GAS TURBINE EN-

GINES

In this chapter three case studies are provided of how, in
very practical terms, turbine blade components have been
coated with platinum. These demonstrate how the scientific
ideas discussed earlier have been transferred to the

factory shop and produced successful products.

7.1 CONSEQUENCES FOR PLATING TURBINE BLADES; ROLLS-ROYCE

RESULTS

INTRODUCTION

12 off TG20 1lst buckets and 12 off TG20 2nd stage buckets
were supplied to CUK Ltd by Fiat Avio for RTZ22 platinum
aluminium process wvalidation.

This section outlines the processing of these parts; the
final visual and metallurgical inspection findings and the

results of the required mechanical testing.
INITIAL VISUAL INSPECTION

Initial inspection of the lst stage buckets revealed 3 off

to have cooling holes blocked by glass contamination,
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these components were rejected, to be returned to Fiat.
The remaining 9 off components found to be in a satisfac-
tory condition for processing.

Initial inspection of the 2nd stage buckets showed them

all to be in a satisfactory condition for processing.

PROCESSING REPORT

Both 1st and 2nd buckets were platinum aluminised by the
ﬁrocedure outlined in CUK's route card 08-2038.

On post diffusion inspection 1 off 1lst stage bucket, was
rejected due to blistering of the plated layer on the
convex platform aerofoil radius. This component was re-
worked by over plating to restore the lost Pt layer and
rediffusion. Inspection following rework showed it to be

in a satisfactory condition for coating.

FINAL INSPECTION REPORT

TG20 1st stage and 2nd stage buckets in tables 48-49.

METALLURGICAL ASSESSMENT OF APPLIED RTZ22 COATING

2 off buckets of each type, designated by Fiat, were
sectioned, shown in figure 109. The 3 off aerofoil sec-
tions and 1 off root section obtained from each blade
mounted and prepared for metallurgical examination to
assess the achieved coating structure, thickness and
chemistry.

Figures 109-112 illustrate the coating parameters observed

on each of the 4 off buckets respectively. Fig 113 illus-
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trates the coating observed on the test tabs.

Examination of each of the aerofoil sections revealed a
uniform coating of typical RT22 structure with a thickness
in the range 0.0032-0.0042 inch(5-6um), some slight build
up being noted around the leading and trailing edges.

The final coating structure consists of an outer Pt rich
layer, a mid nickel aluminide layer and an inner layer
containing precipitated carbides. The Pt content of the
outer layer was found to contain 41.0 to 59.7 wt¥ of Pt
and the nickel aluminide to contain a maximum of 20.1 to
21.4 wt¥% of Al.

The Pt content is considered satisfactory and within the
required specification, the Al content is just below the
required specification, this is considered due to the high
temperature of the final solution heat treatment and is as
expected.

Void type defects were observed within the coating partic-
ularly around the leading edges and convex aerofoil faces.
These voids occur between the outer Pt rich layer and mid
nickel aluminide. Investigation of the nature of these
voids suggested that formation occurs during aluminising
and is an alloy related phenomena.

Photomicrographs 1 and 2 illustrate a typical defect.
Further investigation and development 1is required to
understand the cause of voiding and to develop a viable
production route to prevent the defect. CUK will present
their proposal for this development work under separate
cover.

Examination of the root sections taken revealed no evi-

dence of any bleed or Pt plate overspill onto the machined
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serrations. Examination of the platform side faces showed
effective stopping off of the aluminising confining the
coating to the gas washed surface. However, some Pt over-
spill onto the side and root shank was noted.

Examination of the U500 test tabs confirmed the coating
thickness and chemical composition observed on the compo-
nent.

DYE PENETRANT INSPECTION

The 9 off 1st stage buckets and 12 off 2nd stage buckets
were processed through CUK F2 group class B post emulsi-
fied dye penetrant. No evidence of any linear defects was

observed on any component.

NON-DESTRUCTIVE HARDNESS TESTING

Both the 9 off 1st stage buckets and 12 off stage buckets
were hardness tested and the results are illustrated in

table 50.

STRESS RUPTURE TESTING

Stress rupture test bars were machined from 1 off 1st
stage bucket, and 1 off 2nd stage bucket, 1in accordance
with .Fiat spec 601-092 and PDS83275, in addition test
bars were also machined from the U500 blank processed 1in
each coating retort, 2 off total.

The stress rupture testing was carried out by ERA Technol-
ogy in accordance with the conditions 1laid out in
PDS83275.

The results of the stress rupture testing are detailed in
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Table 51 and shows 3 off bars to have failed the test, of
the remainder 3 off stripped the threads from the loading
bars and 2 off are on hold subject to review of the test-
ing parameter.

Joint assessment of the testing parameter and results
obtained 1is required to resolve the poor performance of

these test pieces.

CONCIL.USTON

Process validation of RT2Z platinum Aluminising on West-
inghouse TG20 1st and 2nd stage buckets has demonstrated
the ability of CUK to apply a uniform coating of the
correct thickness on both stages of buckets.

Detailed inspection and metallurgical examination has
highlighted several problem areas which need joint discus-
sion to resolve.

1) Visual inspection of both stages revealed a generally
acceptable coating. However, on a large number of compo-
nent overspill of stop off onto the aerofoil surface
caused unacceptable defects.

CUK believe this problem can be solved by further opera-
tor training and by the introduction of a 100%¥ overcheck
of all stopped off blades prior to aluminising. This over
check to be carried out by an inspector.

2) Metallographic examination revealed the presence of
void defect within the coating, generally asscociated with
the leading edge and convex aerofoil faces.

Agreement is required for a further programme of work to
investigate and eliminate the cause of this problem.

3) Chemical analysis of the coating revealed an aluminium
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content below the required specification range. CUK be-
lieve +that within the confines of the required coating
thickness and final heat treatment specification increased
aluminium content will be difficult to achieve.

4) All stress rupture test to date have proved unaccept-
able, Joint assessment of the performance to date is

required.
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7.2 WESTINGHOUSE TG20 1ST AND 2ND STAGE VANES

7.2.1 RHODIUM MODIFIED PLATINUM ALUMINISING TO RT22LT
7.2.1.1 PROCESS VALIDATION REPORT

INTRODUCTION

Fiat Avio supplied CUK Ltd with 12 off TG 20 1lst stage
vanes and 12 off TG20 2nd stage vanes for RT44 Rhodium
modified platinum Aluminising.

This section outlines the processing of these parts, the
final visual and metallurgical inspectien findings and the

results of the required mechanical testing.

INITIAL VISUAL INSPECTION

Initial inspection of the 1lst stage vanes revealed 1 off
to be partially coated, this component waslrejected to be
returned to the customer.

The remaining 11 off components were all accepted for
processing. Initial inspection of the 2nd stage vanes

accepted all the parts for processing.

PROCESSING REPORT

lst and 2nd stége vanes were both RT44 coated to the
procedure outlined in CUK's route card 08-2040. A copy of
the 08 and its associated data cards is appended to this
report together with all relevant furnace charts.

Application of Pt plating proved satisfactory . However,

some difficulties were experienced in the Pt plating of
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both 1st and 2nd stage vanes, relating to the localised
stressing of plate particularly on gas washed platform and
radii.

This level of stressing caused some lack of adhesion of
the plate during vacuum diffusion resulting in local
spalling of the plate.

Non destructive assessment of these defects indicated that
only the platinum had failed to adhere, the rhodium dif-
fusing satisfactorily.

To recover these components the parts were over plated
with platinum and rediffused. Inspection following rework
confirmed the part to now be satisfactorily plated al-
though evidence of this rework was visible as a step
0.00057(approx) between the reworked and unreworked areas.
13 off of the 1lst stage vanes énd all 12 off of the 2nd
stage vanes were reworked. (Vane IH 1798 not require

rework).

FINAL INSPECTION REFORT

TG20 lst stage vane are shown in Table 52,

TG20 2nd stage vane are shown in Table 53.

METALLURGICAL ASSESSMENT OF APPLIED RT44 COATING

Two off vanes, of each type, designated by Fiat, were
sectioned in accordance with PDS 83262 AE.

Each section obtained, 3 off aerofoil and inner and outer
platform section from each 1lst vane and 6 off aerofoil and
inner and outer platform sections from each 2Z2nd vane, were

mounted and prepared for metallurgical examination to
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assess the achieved coating structure, thickness and
chemically.

Sections were also taken from the X45 test tabs processed
with the components to confirm compatibility in the coat-
ing achieved.

Figures 114 and 115 illustrate the coating parameters
observed on the 2 off 1st stage vanes and figures
achieved oh the 2nd stage vane. Figures 116-117 illus-
trates the coating parameter of the X45 test tabs,.
Examination of each aerofoil section revealed a wuniform
coating with an average mid chord coating thickness
0.0034~ range of thicknesses observed 0.0029 up to
0.0038%. Coating build of up to 0.00427 was observed
around the trailing edges.

In general the observed RT44 coating structure was found
to be uniform around the complete aerofoil.

The chemical composition of the coating was found to be
typically Pt 50wt%, Al 27wt% and Rh 3wt¥%. The Pt and Al
contents of the coating are considered to be satisfactory.
However, the Rh content is noted to be under spec. CUK
require to do further work to establish an effective
control procedure to measure the thickness of Rh deposited
during plating.

No significant evidence of any widespread cratering,
blistering or loss of outer precious metal rich coating
was observed.

Examination of the root sections revealed similar coating
thickness and structure on the gas washed surfaces to that
seen on the aerofoil.

Examination of the non gas washed surfaces showed evidence
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of effective stopping off of these surfaces.
Examination of X45 test tabs the coating thickness and

chemical composition observed on the sectioned components.

DYE PENETRANT INSPECTION

The 11 off 1st stage vanes and 12 off 2nd stage vanes were
processed through CUK's F2 group class B post emulsified
dye penetrant system.

No evidence of any linear defects were observed on any

components.

STRESS RUPTURE TESTING

Stress rupture test bars were machined from each secticned
component in accordance with Fiat spec 601-091. In addi-
tion stress rupture test bars were also machined from X45
blanks processed in each aluminising retort (Fig 118).

The stress rupture testing was carried out by ERA Technol-
ogy in accordance with the condition laid out in PDS
83262E.

The reported results are listed in Table 54.

CONCLUSION

Process validation of RT44 Rhodium Modified Platinum
Aluminising on Westinghouse TG20 1lst and 2nd stage vanes
has demonstrated CUK ability to apply a uniform coating
with the required thickness specification on both wvane
stages. Effective stopping off of non gas washed surfaces
was also demonstrated,

Processing and subsequent inspection and metallurgical

examination has identified several areas which require
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detailed assessment and action.

1) EDX analysis of the final coating produced satisfactory
results for platinum and Aluminium contents. However, Rh
content found to be under specification, average was
observed to be 3 wtX%.

Detailed work is required to develop an effective control
technigque to ensure correct thickness of Rh is deposited.
2) Processing highlighted difficulties in the application
of Pt plate on such large components, problems occurring
on platforms and radii.

Modification of the plating fixture used, especially use
of a conforming anode, greatly improved the situation;
further refining of the fixtures is expected to produce
acceptable results.

3) Stress rupture testing of bars machined from the 2nd
stage vanes and X45 blanks processed with the parts proved
satisfactory. However, testing of bars machined from the
lst stage vanes proved unsatisfactory, the bars rupturing
before the required 15 hour life.

Joint discussion is required to resoclve the problenmn.

164



7.3 TM319 HP NOZZLE PLATINUM ALUMINISED TO RT22 LT

Report on processing and cut up of a part section of

nozzle used for RT22 LT application development work.

7.3.1 PLATINUM ALUMINISING RT22 LT PROCESS ROUTE

(1) prepare for plate

{ii) platinum plate

(iii) vacuum diffusion 1000°C 1 hour
fiv) stop off

(v) coating 800°C 20 hours

{vi) post coat clean

{vii) inspection

VISUAL INSPECTION

The whole of the component showed evidence of being alumi-
nised, apart from the area around the aerofoil core exits
which were stopped off during coating.

The non Pt plated areas showed no evidence of any defects
or shadowing. All cooling holes were found clear.

The Pt plated aerofoil platforms exhibit a uniform silver
grey colouration. Present on the aerofoil and platform,
some Yellow particles were observed, these being indica-
tive of the outer Pt rich layer of the coating blistering
and cratering.

In general the surface finish of the nozzle was found to
be poor due mainly to the poor as stripped finish found
prior to processing. It is considered that this pitted

finish led to some of the cratering problem encountered.
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METALLOGRAPHIC EXAMINATION

The observed platinum Aluminide thickness, range of 40 to
53 um is (Fig 119) is below the desired 50 to 75 um range.
This short fall in coating thickness is felt to be due to
a powder problem and that moving to more high controlled

specialist powder will overcome this problem.

COATING STRUCTURE AND COMPOSITION

Examination of the platinum Aluminide coating around the
aerofoil revealed a uniform two layered structure typical
of RT22Z LT coatings, consisting of an outer Pt rich
layer{(light etching) and an inner Nickel aluminide layer(
dark etching).

The Pt rich layer was generally found to be 75% of the
total coating. Photomicrographs 1 to 4 illustrate of Fig
120 the coating observed around the aerofoil and are shown
in conjunction with the respective chemical analysis.
Consideration of the analysis figure show a uniformity
around the aerofoil with only the trailing figure deviat-

ing due to aluminide coating build up.

CONCLUSTON

The results of the metallographic examinations Fig 119
show that it is possible to produce an even coating with
the correct structure and chemistry around the complex
nozzle configuration.

CUK believe that a thin coating can be resolved by adjust-
ment in the powder used and in thermal cycle, these ad-

justment being considered, ’'fine tuning’.
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The blistering problem is considered to be associated with
the poor quality of the trial piece. However, for future
nozzles CUK will carry out careful inspection and rectifi-

cation to prevent recurrence.
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CHAPTER 8

8.0 GENERAL CONCLUSIONS

Electrochemical characteristics of Pt plating solutions
have been studied and a number of characteristics have
been identified and their effects analysed with a view to
improving process performance. -

1. Improved deposition can be achieved by control of
current density, temperature, pH values, concentration of
electrolytes, additives, substfate, ratio of anode to
cathode area.

2. Optimum plating conditions have been established for a
number of solutions. Preferred solutions are bath Nos 16-
19; they have given the highest cathode current efficien-
cies compared with bath Nos 1-15. Table 55 shows the main
bath composition ranges, current density, temperature, pH
and cathode current efficiencies. The common additive
factor is a 'P’ Salt which all baths 1-19 contained. It
can be seen that phosphate salts were replaced by sodium
acetate and sodium carbonates. It appeared that sodium
citrate, sodium sulphate and sodium chloride could improve
the stability of these baths.

3. Modified Pt plating procedures have been employed for a
number of important aerospace products, ie, Westinghouse
TG20 1st and 2nd stage Buckets (Platinum Aluminising to
RT22LT}, Westinghouse TG20 1st and 2nd stage Vanes{Rhodium

modified platinum aluminising to RT22LT) and finally, TM
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333 HP nozzle(Platinum aluminising to RTZ2LT).
Three case histories have been presented describing par-
ticular examples of process exploitation.
4. Higher cathode current efficiencies have been achieved
with lower current densities using pulse plating.
5. Cathode efficiency data showed a distinct difference
between DC and pulsing due to processing technique. The
pulse plated alloys were consistently darker in surface
finish than direct plated alloys, and had the highest
cathode efficiency values. Table 56 shows the effects of
conventional, pulse and pulse with longer off-period.
6. A series of different designed experiments were used to
evaluate the high aspect of throwing power(localised
plating) capabilities and opportunities for extending that
capability to replace the Brush plating. Firstly, an
increase in applied current resulted in producing a larger
depeosited area; secondly, having used low current, the
deposit thickness variations are more wuniform in mid-
section of deposit, compared with higher current.
According to Figure 80 the spherical anodes produced
deposits of the required thickness within the deposit
diameter . Nevertheless, these deposits tended to indicate
that with higher current ( see Fig 80) the deposit size
scattered within the longer range and the actual shape of
deposit was not maintained. By contrast, with lower cur-
rent the exact shape was reproduced, despite not produc-
ing the desired thickness. Now having used longer plating
time range between 5-10 minutes with 5mm interelectrode
separations , the desired thickness was attained,

The interelectrode separations range of 3-5mm were used
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with the above solutions. However, using a Ni-strike with
an operating current of 530-650mA, interelectrode separa-
tion of 3-5mm and a constant plating time of 5 min proved
to be insufficient in maintaining the required thickness
of 5.0 um (not shown).

7. Electroless techniques have been developed in an at-
tempt to successfully apply platinum depesit on commonly
used substrate using 'Q’' Salt manufactured by Johnson

Matthey.

The contrel of electrodeposition by means of adjusting
other parameters has been investigated and the following
conclusions drawn.

8. Lower current densities have a significant increase on
cell-efficiency.

9, Higher concentration of platinum can be effective 1in
generating higher cell-efficiency.

10. Low pH values were found to result in nonadherent
deposits at higher thicknesses, probably due toc the sub-
strate attack in the initial stage. However, the solutions
with high acidic conditions were stable and did not dete-
riorate on standing.

11. High temperatures were found to be effective in in-
creasing the cell-efficiency.

12. It is possible that the continual usage ,ie, electro-
plating for over a long period can build up excessive
amounts of nitrates in the plating solution. This can have
an adverse effect on the plating efficiency of that solu-
tion.

13. The results have shown that as plating time 1is pro-
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longed for each tank, ie, over a period of several months,
it is advisable to replace some of phosphates from plating
tanks with fresh phosphates plus 'P’salt platinum.

14. Laboratory and experimental tests resulting from tanks
A, D, freshly made solution and phosphate base only have
shown that the rate of plating, current efficiency plating
time can be improved and these results indicate that with
cathodic polarization shifted towards more negative

values, better result can be obtained.
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CHAPTER 3

(i) The results of a continuing development programme

demonstrate that many of the difficulties associated with
existing platinum electroplating systems, including low
efficiencies, oxidation states and fluctuating operating
conditions, can be eliminated, or substantially reduced,
by a few generation of electroplating baths. Therefore,
the wvarious platinum electrolytes should be fully com-
prared.
(ii) For industrial applications such as gas turbines, the
properties expected of platinum electrodeposits may in-
clude, good adhesion to the substrate and good electrical
conductivity. These in turn depend upon other factors such
as the uniformity of thickness of the deposit and the
effectiveness of the pretreatment. Thus, from a practical
point of view it is intended to establish the parameters
controlling the formation of high efficiencies, conductiv-
ities and coherent alloy coatings of predetermined and
homogeneous composition. A substantial laboratory work
programme should be carried out in relation to the thermo-
dynamic egquilibrium of all reactions that can occuriie,
cathodic and anodic polarizations)}. Elucidation of the
deposition mechanism may enable further improvements to be
made.

{(iii) Further work should be carried out teo investigate
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the efficiency of other electrolytes. It has been conclud-
ed +that the current density, concentration of platinum,
temperature of plating, pH range, phosphates and finally
nitrates have the most important effect in controlling the
efficiency of the platinum solution.
{iv) Some experimental considerations should be explored
in terms of a thermodynamic point of view relating to;
(a) Hydrogen adsorption on platinum electrodes and

it can be divided into;

(i) effect of temperature on hydrogen adsorption

{1i) effect of anions on the adsorption of hydrogen

{b) Oxygen film on platinum and it can be divided into;

{i) oxygen coverage under conditions of varying
potential

(ii} oxygen coverage under conditions of constant
potential,

(iii) charge balance in oxidation and reduction of
platinum surface.
(v) One of the disadvantages of +the long established
process based upon platinum 'p’salt, which may cease to
deposit platinum due to the formation of non-active plat-
ing species. A measure of the long-term performance of a
platinum bath c¢an be gained from turnover trials; one
turnover being taken to mean that the weight of platinum
originally present in the bath has been removed by deposi-
tion and the bath replenished by the addition of concen-
trated platinum solution. So other salts should be consid-
ered to substitute or replace the 'P'salt.
{vi) It has been shown by other investigators that period-

ic reverse currents could result in smoother and sounder
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deposits, hence, reriodic reverse current technigques
should be carried out to confirm the above statement. On

the other hand pulse plating was beneficial in obtaining

high cell-efficiency, smooth, adherent deposits. Conse-
quently, those two methods should be carried out and
investigated.
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The Chemistry of Platinum and Palladium

TABLE 1
The physical propesties of platinum and palladium {compiled from references 12-14)

Property Platinum Palladium

Atomic number 18 36

Atomic weight (relative 1o '*carbon = 12) 19509 1064

Density {g/cc at 20*C) 21-45 1202

Crystal lattice Facecentered Face-centercd
cubic cubic

Larttice celf tA) 39158 38825

Atomic radius (A) 1-387 1375

Allotropic forms Nonc known None known

Mcliing point (*C) 17735 1554

Boiling point ("C, estimated) 4530 3980

Thermal conductivity {cal/em/cm fsec/~C) 017 017

Lincar thermal coefficient of expansion

210°C (per *°C) 89 x 107* 167 x 10™*

Specific heat at 0*C (cal/g~C) 00314 00584

Electrical resistivity at 20°C {micro chm-cm) 106 10-8

Hardness (2nnealed—Brinell Hardness number) 42 46

Tensile strength (annealed—tonfin?) 9 138

Young's modulus (anncaled-ton/in?) 11 % 10* (8-8.8) x 10*




TABLE 2

Property requirements of coating
svstem for gas turhbine aerofoil

applications.



Property

Requirements

Corrosion and

(1)Initial rapid formation of a thin, uniforin adherent

oxidation and continuous protective oxide film

resistance (11) slow subsequent rate of scale growth
(1i1) highly stable and adherent scale
(v} high concn of scale-forming clemcits i coating,
(v) acceptable rate of corrosion/oxidation

Erosion (1) ductile and adherent oxide scale

resistance (i1) moderate coating ductility

Coating and alloy

(1) low rates of diffusion across interface

interfacial (11) minimum compositional changes, particularly
stability w.r.t brittle phases
Coating (1) matched/similar coating and substrate properties
adhesion (11) clean alloy/ coating interface
Mechanical (1) ability to withstand all strain-temperature
properties cycles encountered by the component during service
(1) appropriate coating ductility
(ui) Little or no effect upon substrate properties
Acrodynamic  [(i) best possible surface finish
properties (11) acceptable thickness and uniformity on aerofoil
(1i) minimum loss of surface smoothness during
service
Coating (1) optimised for composition, structure, thickness
process (and thickness distribution if required)

(11) ability to coat complex shapes cg acrofoils
(111) cost effectiveness




Coating Coating Type
Technique Metal | Metallic | Paint | Organic
Electrodeposition Yes
Electroless Yes
Electrophoretic Yes Yes Yes
Hot dipping Yes Yes
Spraying Yes Yes Yes Yes
Cladding Yes Yes Yes Yes
Vaccum/Vapour Yes Yes
Vapour dissociation Yes
Cementation and Yes Yes
diffusion
Fusion Yes
Roller Coating Yes
Conversion coatings’ Yes
TABLE 3
Coating techniques used for
metallic materials.{Courtesy of
Loughborough  University, Dept
IPTME Dr.D.Gabe)




Types of Elecirolyie for the Electrodeposition of Platinum

' 1

v v
Based on Platinumn (1) Based on Platinum {IV)
Chiloride bath A3l hexahydroxyplatinates
Dmitrodiammancptatiaum Phosphalc Lath

{platinuym-p-sall)

ONS.plating Laths
{Dinitrosyiphatoplatinites]

TABLE 4

Types of electrolyte for the

electrodeposition of platinum.




TABLE 5

Survey of electrolytes producing
different cathode current effi-

ciencies.



Baths for Platlnum Electrodeposition

Type of bith Chilorida Dinitrodismmineplatinum DNS Atkali heaahydigayplatinanes Prosphale
Avieience 10 |ty [TETI ST T T O BT T T T 1201 FITIR LT A T T T T
Concentrstions, it ——— rv—
Criaioptating 4Cid H, P13 10-50 ! —_—
Ammoniymhes 1Chigg- INH PGt [E l
platinate
Platstgm.p-5 81 [ B-16.5 20 6-20 ] §-10 16.5
Cmireulghaie: HyPUND ;50 10
platinous acid _ [
Sodium heaghyCiouy- HaptPuQHIE). 71,0 20 18% !
L _phatinate .—
Herahydioayplatnic HpiPtiQHg) o Y
1cid
Polatsivm headhydroay. K3 tPUOH) g} 0
planig
Flitann chinraty PiCI 5,0 T
Aoy 128%)_ NHy ] 50
Hygioghlonc ded HCI 180=300
Sotium citraie Ny, C,H,0,.34,0 100
Ammonivm chlonide NHL.CI 4-5
Ammoniym nilrate NH(NOy 100 | .
$odm nitrity NaNQy 10
Fluoroboiic acid HBF, 50- 100 —_
Sodium fugigborate MNaBF, 80-120 e
Svlonamic acid NH,50,H M 20-100 l —
Phosphori¢ acd HyPOy 80 10-100 .
Sulphutic acig _H350. 16+109 pH 1 -
Sodium acersis NalH,C00 10
Sodivm carbonate Ha;C0, 100
Sodwm hydroaicy NsQH 10
Sedwm ovalste Ni#pC;0. K 5.1 .
Sodwm sulphale M1350, . 30.8
Potassium hygroxde KOH 1%
Qiammeniym INK, 1, HPO, 20
hyCrooen phosohate )
Diiodum hygrogen NagHPO, 10¢ ~
photphate
Potaiyivm tulphity K350, - 40
Timoerpiure, *C 45-90 | 80-90 | 90-95 | 70-90 | 85-100 | 75-100 | 75-1007 80-90 | 30-70 { 75 | 65-80 | J5 | 70-90 | 10-90
Curient denwity, Algmi 2.5-2.510.5-1.0(0.3-20] 2-5 0.2-2 ]0.5-2.6] 0.5-3 0.5 1.5 0.8 0.8 0.7% 0.3-1 0.=1
Current eihiciency, per cent 15-20 70 10 14-18 1% 15 15 A5-40 | 10-15 100 80 - 100 10-50 | 10-50




Dinitrodiammine: platinum or (’P’
Salt) composition.
Dinitrodiammine Platinums
(Pt 10 g/1) Pt (NH, ), (NO, ), 16.5 g/1
Ammonium Nitrate NH;NO, 100 g/1
Sodium Nitrite NaNO, 10 g/1
Ammonia (28% NH OH 50 ml/1
solution)
Anodes Platinum
TABLE 7
Sodium Hexahydroxyplatinate or

{('Q' Salt) composition.

Sodium Hexahydroxyplatipnate

Sodium Platinate- 20 g/
Sodium Hydroxide 5.6 gr/1
Sodium- Oxalate 5.6 g/1

sodium Sulﬁhﬁte

33.7 g/1




TABLE 8

Different compositions of plati-
num which manufactured by Engel-

hard company.



PLATINUM 203

OPERATING CONDITIONS

BARREL PILATING UNIT KANGE OPTIMUM
Platinum concentration g/l 8-12 10
Alkaline pH pH &-9 8
Temperature °c 80-90 85
Current Density A/dmg 2.0-2.5 2.2
A/ft 18-22 20
VAT PLATING UNIT RANGE OoPTIMUM
Platinum concentration g/1 &-12 10
Alkaline pH pH 8-9 8
Temperature ‘c 80-90 85
Current Density A/dmi 2.2-8.8 *
A/TE 20-80 *
Agitation None
* Current density depends on plating requirements.
PLATINUM 3745
OPERATING CONDITIONS UNIT RANGE OPTIMUM
Platinum Concentration g/l 8-15 12.5
- Current Density A/dmz “T 0 0,.5-1 S 0.7
A/ftl 5-10 7.0
Temperature °’c 75-85 80

D;:fosit.ion Rate: 1 micron 1is deposited in 9.8 minutes at
0.74/ .




Typical Brush plating solutions

for brush plating techniques.




Typical Brush Plating Solutions

Group I Preparatory Solutions

Cleaning(for waterials)

Etching{for aluminium alloys, steels and cast iron)

Desmutting(for cast iron, carbon and alloy steels and copper alloys)

Etching & Activating(for high-temperature, nickel-base materials and stainless
steel)

Etching(for Babbit)

Activating(for activating industrial hard chromiua)

Cadmium activator

Chromium activator({for activating decorative chroaium)

Group II Plating Scolutions For Ferrous and Non-Ferrcus Metals
or ¢

Antimony Lead{alkaline)
Bismuth Lead(for alloying)
cadmium(acid) Nickel(dense)
Cadmium(alkaline) Nickelfalkaline)

Cadmium{no bake)

Nickel({acid strike)

Chromium{dense trivalent)

Nickel(neutral, for heavy build-up)

Chromium(hexavelent)

Nickel(ductile, for corrosion
protection)

Cobalt(for heavy build-up)

Nickel (sulphate, soft, low stress)

Copperf{acid) Nickel (sulphamate, moderate hardness)
Copper(alkaline) Nickel (sulphamate, hard, low stress)
Copper{neutral) Tin(alkaline)
Copper(high-speed acid) Zinc{neutral)
Copper{high-speed alkaline for heavy Zinc(acid)
build-up) :
Iron Zinc(bright)




Typical Brush Plating Solutions

Group II plating Solutions for Precious Metals

Gallium Platinum
Gold(alkaline) Rhenium
Gold(neutral) Rhodium

Gold(acid) Silver{soft)

Indium Silver(hard)

Palladium Silver(noncyanide)

Group II plating Solutions For Alloys

Brass

.Nickel-cobalt

Nickel-tungsten

Tin-indium

Babbitt SAE 11

Tin-lead-nickel

Babbitt Navy Grade 2

Cobalt-tungsten

Cadmium=-tin

Group III Special

Purpose Solutions

Anodizing(chromic)

Chromate treatment

Anodizing(sulphuric)

Electropolishing sclution

Anodizing(hard coat)

w3
=
lae}
=
x3
=

Typical Brush plating solutions

for brush plating technigues.




Historical Milestone developments

in Liquid Chromatography

TABLE 12

Historical Milestone developments

in Ion Chromatography.



Historical Milestone in Liquid Chromatography
Year Name Developments
1903 TI'swett I nveﬁ ted development Chromatography
1941 Martin & Synge Partition Chromatography{won Nobel prize
for their work)

1548 Stein & Moore Amino acid separation using ion exchange
Chromatoraphy

1952 Matin & James Gas Chromatgraphy

1953 Kheation & Bauman Exclusion principle observed

1959 Porath & Flodin Gel permeation Chromatography(soft
polydextrans)

1962 Moore Gel permeatio (rigid polystyrene gels)

1965 High pressure liquid Chromatographs are

marketed

Historical Milestone Ion Chromatography

Year Developments

1971 IC; is first performed at Dow Chemical.

1972 First prototype Ion Chromatgraph is built using a conductivity

cell.

1975 First IC research report is published: ’Novel Ion Echange
Chromatographic Method Using Conductimetric Detection’ by Small,
Stevens, and Bauman in Analytical Chemistry, Vol. 47, No. 11,1975,

pp.1891-1809.

1975 Dionex Corporation is formed under Dow License.

1975 First commercially avialable Ion Chromatograph introduced.

1977 First EPA Symposia on IC analysis-enviromental pollution.

1977 Small, Stevens, and Bauman win the 1977 pittsburgh Conference

award for the most significant advance in applied analytical
chemitry.

¥ IC- Ton Chromatograph




SUMMARY OF SEPARATION MODES

techniques

Predominant
Separation Realn Standard
Mechaniam Functional ity Eluents Useful For!
L Ion E£xchange
- - 2-
Anlon " -N*-R Na,CO. /NaHCO €17, W0,T , RrT, 50,°7,
3 273 3 ra, 3=, 3033'. cen, ", asn, 3
Catlon " “50," Hel L, mt, Nity” ', €a”,
ng’. Ca<*, Sr<%, Rat*
- 2 |
Metals " -N"-l'l3 or -SOJ Oxalic and Fca*. Fcz', Cuf’. NIP’. l
Cltric Acid 7a2%, Co?%, Ppt*, Hn®*,
co?*, m3+ l
t
MPIC Ion Palring Heutral
and Adaarphlon
Anlon " " Tetrabulyl NIt ol AulCNY,, Au(CN),™. CotCH}, ™
i 2 (I 6 1
(TDACH) Alkyl sulfonales and sul- t
CH_CN fates
3 -
BF"
Catlon " " Hexane aullonic AMkyl and quaterpary amlnes
acld [HS3A)
Cll,CN
3
HPICE Ion Exclusion Totally lunctional lic1 Formate, citrate, tartrate,
'503- succinate, lactate, carbon-
nte, borate
TABLE 13
Shows the summary of separation
modes for 1Ion Chromatography



DETECTION MODES

Principle toat Uselful For:

Suppreased Conductivity Electrical conduntlvity Anfona or cationd wlth pKy .y, vaiunas
<? eg. C17, 50, Na*
Amporamntelo Oxidatfon or reduction at Ag CN”, 5.7, mercaplans, OCL™, hydrazina
”

or Pt electrodea ' I
Pulned Amperometrle -+ Oxfdation or reduntlion at Ag, Phenolles, carhohydrates, nltro

PL, Au, or glaany carbon Aromatica

clectrodes

Blrect LY Uttraviolet )light abhaorptlon Aromalle organien amdd aclnel anlans
VIS alfter PCR Visible light abaerption nfter Tranaltlon and heavy metala afler posl
reactlon with a poal column column reaction with N-{ -pyrldylaro)-
reagent reaorcinol (PAR)
Polyvalents after reaction with Fc(HOJ{}
Fluornscence after PCR Excitatlion and Emlsalon Amino acids after rcaction wilh
{ o=phlhalaldchyde

ion
Shows the summary of detectlo

Chromatagraph¥

modes for Ion
techniques



TABLE.15 -

LIST OF COMPONENT USED FOR PULSE-PLATING{P.P) & CONVEN

TIONAL PLATING(C.P)

1. Power Mosfets.

2. Double beam oscilloscope.

3. Power supply.

4. Pulse generator

5. Potentiostat {only used for conventional plating).

6. Pump-generator.

7. pH-meter.

8. Voltmeter and Ammeter.

S. The magnetic stirrer.

16. Chart reccorder.

11. Amp-hour meter (used only for measuring the efficiency

of the cell).



TABLE. 16 -

STEPS WHICH WERE USED FOR PLATINUM PLATING AND ITS ALLQYS

WITH FRESH AND OLD SOLUTION FORMULATIONS

1. Visual inspection for either mild-steel or nimonic

specimens.

2. Shot blasting.

3. Cleaning the sample.
4. Cathodic clean (five minute per sample).
5. Wash the sample before the plating.

6. Weight the sample before the plating.
7. Platinum, rhodium or nickel plating.

8. Wash the sample after plating.

9. Dry the sanmple.

10. Weight the sample after drying.

11. Keep the sample in desiccator.



TABLE 17

Shows the solution make-up and
its composition for plating tanks

used by C.U.K Ltd.



Solution Make—up

Solution; Platinum Pilate
Controlling
Secification: 01-078 App.24

Tanks: A,E Volume 335 Litres
B,C,D Volume 170 Litres

Weight/Volume
Substance 170 litre tank | 335 litre tank
Platinum "p’ salt 425g (Pt) 837g (Pt)
Disodium Hydrogen 14.0g Kg 27.0Kg
Orthophosphate
Di-sodium Hydrogen 2.8Kg 5.5Kg
Orthophosphate
Make up Instructions

Half fill tank with deionised water, Add Disodium Hydrogen Orthophosphate,
and Diammonium Hydrogen Orthophosphate, heat salution.

Once salts have dissalved add platinum "p’ salt, followed by 10 litres of
Ammonia solution for 170 litre tank, 20 litres for 335 Litre tank.

Top up with deianised watcr.



TABLE 18

Shows
their

and 2.

the solution make-up

composition for bath




Bath Compositions used for Platinum Plating

Bath Ko.1
Platinum as 'P’ Salt, g/l 4-5
Diammonive Hydrogen 79
Orthophosphate,g/1
Disodiun Hydrogen 393
Orthophosphate,g/1
Temperature, °C 84-87
pH 7.5-8.0
Bath No.2
Platinug as 'P’ Salt, g/1 8-10
Diammonium Hydrogen . 79
Orthophosphate, g/1
Disodium Hydrogen 393
~ 1-Orthophosphate,g/1
Temperature, °C 84-87
p 1.5-8.0




TABLE 20

Shows the solution make-up and
their conpesition for bath No.5

,6 and 7.



Bath No.5

Platinum as 'P’ Salt, g/l 8-10
Ammonium Nitrate, g/l 100
Sodium Nitrate, g/l 10
Ammonium to adjust the pH 7.5
Temperature, °C 65-70
Bath No.6
Platinum as Dinitritosulphato 5
Platinun Complex, g/l
pl 1.2-2.0
Temperature, °C 25-30
Bath No.7
Platinun as 'P’ Salt, g/l 8-10
Potassium Nitrite, g/l 25
Anmonium Nitrite, g/l 250
Temperature, °C 84-87
P 7.5




TABLE

Shows
their

{8-10).

the solution make-up

composition for bath

and

Nos



Bath No.8

Platinum as 'P’ Salt, g/l 8-10
Potassium Nitrite, g/l 25
Ammonium Nitrite, g/l 250

Potassium Hydroxide, g/21 5

Temperature, °C 84-87
pl 7.6
Bath No.J

Platinum as 'P’ Salt, g/l 8-10
Potassium Nitrite, g/l 25
Ammonium Nitrite, g/l 250

Potassium Hydroxide, g/21 15

Temperature, °C 84-87
il 8.6
Bath No.10
Platinum as 'P’ Salt, g/l 8-10
Potassium Hydroxide, g/21 20
Temperature, °C 84-817
pi 8.8




TABLE 22

Shows the solution make-up and
their composition for bath Nos

{11-13).



Bath No.l1l

Platinum as 'P’ Salt, g/l 8-10
Potassiun Hydroxide, g/2] 30
Temperature, °C 84-87
pH 8.8
Bath No.12
Platinum as 'P’ Salt, g/l 8-10
Potassium Hydroxide, g/21 35
Temperature, °C 84-87
pl 9.7
 Bath No. 13
Platinum as 'P’ Salt, g/l 8-10
Potassium Hydroxide, g/21 35
Temperature, °C 69-70
pl 13




Table 22. Continued

Bath No.14
Platinum as 'P’ Salt, g/l 8-10
Sodium Oxalate, g/l 5-6
Potassium Sulphate, g/l 30
Temperature, °C 65-70
pH 13
Bath No.1$
Platinum as P’ Salt, g/l 8-10
Sodium Oxalate, g/l 5-6
Potassium Sulphate, g/l 30
Potassium Nitrate, g/21 5
Temperature, °C 65-70
p 13




TABLE

Im
o

Shows the solution make-up
their composition for bath

(16-17).

and

Nos




Bath Composition used for Platinum Plating

Bath No.16
Platinum as 'P’ Salt, g/l 5
Sodium Acetate, g/1 70
Sodium Carbonate, g/I 100
Temperature, °C 84-88
pH 11,3
Bath No.17
Platinum as 'P’ Salt, g/l 5
Sodium Acetate, g/l 25
Sodium Carbonate, g/I 36
Temperature, °C 84-88
pH | 115




TABLE 24

Shows the solution make-up and
their composition for bath

Nos(18-19).



Bath No. 18

Platinum as 'P’ Salt, g/l §
Sodiun Citrate, g/l 25
Sodium Carbonate, g/l J6
Temperature, °C 84-88
pH 11,5
Bath No.1J
Platimum as 'P’ Salt, g/l 5
Sodium Sulphate, g/1 40
Sodium Chloride, g/l 5
Temperature, °C 84-88
ph 115




The composition and operating conditions

Ni Sulphamate Ni Chloride Strike
Ni-sulphamate 600g/1
Ni-chloride 10g/1 Ni-chloride 240g/1
Boric acid 30g/1 hydrochloric acid 86ml/1
pPH 3.75-4.0 pH 0.75-1.0
Temperature 58-60°C Temperature Room temp
TABLE 25

Shows the composition and operat-
ing conditions for throwing power

(Localised plating).




TABLE 26

Shows the Applied current,
average thickness, cathode cur-
rent efficiency, surface appear-
ance, ratioc of anode to cathode
and finally temperature of plat-

ing for bath No.s (1-3).



Applied
Current

eA/ce

Average
Thickne
ss(um)

Cathode
Gurrent
Efficiency

()

Surface
Appearance
at Given
Teaperature

to
Cathode

Tempera
ture °C

J0

Dullé Dark

7'5

6.5 1.041.1 2:1 87
J0 7.1 7.0¢0.7 | Dull & Dark | 2:1 871 | 1.5
30 7.1 6.9¢1.3 | Slightly 2:1 87 | 7.5
) Peeled-off
30 7.4 3.340.6 ull 2:1 1 |15
30 8.0 7.6t1,2 Unifora {:1 87 | 7.5
Thicknessé
Mull
{0 3.2 4,0¢1.6 Very 2:1 87 | 7.5
Dark, Porousé

Semi-bright




TABLE 27

Shows the Applied current,
average thickness, cathode cur-
rent efficiency, surface appear-
ance, ratio of anode to cathode
and finally temperature of plat-

ing for bath Nos.{(-1-9).




Applied
Current

ad/ct

Average
Thickne

ss(un)

Cathode
Current
Efficiency

(%)

Surface
Appearance
at Given
Teaperature

Tempera
ture °C

30 52 | 6.841.1 Bright 2:1 a7 | 7.5
Bath No.6
0 0.25 | 0.3t0.3 | Very Bright | 2.1 | 30-4 | 2.0

Very Bright

40

6.4

Sepi-bright

2:1

86




TABLE 28

Shows the Applied current,
average thickness, cathode cur-
rent efficiency, surface appear-
ance, ratio of anode to cathode
and finally temperature of plat-

ing for bath Nos.(10-15).



Applied
Current

Average
Thickne

ss(un)

Cathode
Current
Efficiency

(3

Surface
Appearance at

Given
Temperature

| Cathode

Ratio

of
Anode |
to |

| Temper

ature
'

Hngly stressed

&peeledoff

off

0ne 51de I8
highly stressed

and another
side Is bright

and adherent

85




Applied | Average | Cathode | Surface Ratio | Temper | pH
Current | Thickne | Current | Appearance | of ature
pd/cd | ss(us) | Efficiency | at Given | Aode |°C
(1) Teaperature | to
Cathode
Bath No.16
15 §7 | 18.642.7 Bright 2:1 | §4-88 113
Bath No.17
15 6.1 4045.2 | Very Bright | 2:1 | 84-88 | 1.3
15 6.4 4143.3 Bright 2:1 | 84-88 | 1.5
Bath Ko.18
15 6.7 S244.7 Bright 2:1 | 8488 | 11.5
Bath No.19
15 3.9 | 38.482.3 Bright 2.1 | M-85 ) 11.5
TABLE 29
Shows the  Applied current,

average thickness, cathode cupr-

rent efficiencsy,

ance,

and Cinalliy

rat.io

2f arnode

surface

temperatou:

to ot h

~: of

ing for bath Nos.{(1G-19}.

rlat-

apeny-

e




'R'Salt from Johnson Matthey

solution shows higher cathode

efficiency with effect of lower

current density.

'Q'Salt from Johnson Matthey

solution shows slightly lower
cathode efficiency with effect of

higher current density.



Current Density Weight Gain Efficiency
(n#/cx) (8) (*)
2 0.0218 77.6
J 0.0545 - 109
J 0.0418 119
4 0.0463 54
] 0.0744 82.7
Current Density Keight Gain Efficiency
(/o B (z)
{ 0.0463 54
{ 0.0597 90,45
5 0.0372 43.25
5 0.077 81,9




=3
>
=]
r
e

TABLE

fe

Shows the amount of nitrite
before and after plating and that
amount has diminished and the
cell efficiency was lower com-
pared with standard fresh solu-

tion which is around (7-9)%.

&

Shows the level of phosphates in
tank No.s B,C and D present 1in
plating shop containing platinum

solution.



Addition of | Efficiency(3) | P0,(g/1) §0,(g/1) No,(g/1)
Nitrite

N0, (20g/1.51)
Before - 8.6 0.6 12.05
Plating

After Plating 2.1 6J 0.3 6.8

Plating P,(g/1)

Tanks No 17,7.89 | 31.7.89 | 7.8.89 | 14.8.89 | 1.9.89 | 27.9.89
B 756 | 88.4 79.6 75,7 78 68,1
& 81.3 | 7517 80.3 727 80,2 68.5

46.3 7.1 80,3 71,1 78,9 67,45




TABLE 34
Shows the variation of cathode
current efficiency for tank No.C
with addition of different amount

of phosphates.



Plat
ing
Tank
Ko

Additions

pil
Before
Plating

Teaperature
y €

After
Plating

Cathode
Current
Efficiency

(%)

(a) Sample from
Tank, 18 with FY),
level of 75.7¢/1

1.1

86

6.9

2.7540.9

(b) 130 al fron
above tank, plus 19
al fresh 'P'Salt to

gake 400 &l of

solution

1.1

86

b.d

3,741.]

(c) 130 al fron
above tank, plus 19
al fresh 'P’ Salt,

Plus 16.6¢
Disodiuatd. 9¢
Diammoniun
Orthophosphates

.1

36

6.3

5,041.4

(d) 200 &l from
above tank, Plus
12.3¢ Disodiumt2. 9¢
Diammoniun
Orthophosphates

.1

86

6.6

3,7540.8

(e) Sample after
above conditions

.1

86

6.6

J.6310.6




TABLE 35

Shows the cathodic polarization
values of phosphate base solution

and tank No.A.



Cathode Anode Current pH after
Potential(aV) | Potential(nV) | Density(md/cd) | Plating

-500 710 0.7 7.0
-600 330 4.8 7.0
-630 1072 8.2 7.0
-100 1087 2.8 7.0
-130 111§ 3.2 6.9
-800 1155 10.65 6.9
-300 1179 23 6.8
-984 1193 3.7 6.0




v
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Shows the cathodic polarization
values of platinum solution with
an addition of 130ml of NaOH for

a 2 litres solution of tank No.A.



Cathode Anode Current Density(sd/cd)| ph
Potential(aV) | Potential(aV) after

-300 720 0.8 1.2
-600 916 3.2 1.2
~650 1060 8.3 1.2
-700 1093 2.8 1.2
-750 1127 4.8 1.2
-800 1146 10.7 1.2
-850 1158 16 7.2
-900 1164 22,92 7.0
-350 171 29,65 7.0
-979 1120 J3.5 7.0




Bath Composi t1on and OLratmg Cond1t1ons

Pas P | il M|
Salt(28.01g/1)
Sodiua Nitrite,g/l 102 102 102
Disodium Hydrogen | 213 187 8.2
Orthophosphate, g/1
Diamgoniug Hydrogen 39.6 63.4 158
Orthophosphate, g/1
o 7,65 7.7 1.7
Teaperature, ( 84-86 84-86 84-86

3
=
[
lea}
%

Shows the bath composition and

operating conditions with differ-

ent

ratios,

content of 3.0 g/1.

sclutions having phosphate

using constant platinum
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=
5

Shows the cathodic and &anodic
polarization values of the solu-
tions having phosphate ratios of
1:1 and 4:1 using constant plati-

num content.



Cathode Anode Current Density(sd/cd') | plf after

Potential(uf) | Potential(al) Plating




Cathode Anode Current Density(ad/cd) | pH after
Potential(a¥) | Potential{sV) Plating
-600 113 4.0 7.55
650 1742 9.5 7.55
=700 1815 16 7.55
-750 1877 20.5 7.55
-800 1936 254 7.5%
-850 1994 30.6 7,35
-900 2023 18 7.5
-950 2086 24,3 B
TABLE 39

Shows the cathodic and anodic
pelarization values of the solu-
tions having phosphate ratio of
7:1 compared with other ratios

using constant platinum content.



TABLE 40

Shows the cathodic and anodic
polarization values of the solu-
tions having phosphate ratios
4:1, 7:1 and 1:1 as well as cell
efficiency comparison using

constant platinum content.



Current Density(nd/cd )

Cathode
Current
Efficiency

pH after
Plating

2,641.2
11,3542.3




Ni—-Strike

i T
Anode Current | Interel } Plating PDeposit i
Shape(cm) | Applied | ectrode| Duration| Shape(cm) :
(Amp) | Separat (min) 1
- ion(mm)
Medium TIriangle Anode Size
1.0 s 5
o | s | . | @&
Spherical Anode Size
1.0 5 5 @
1.56 5 s
I!I 1
|
0.52 5 5 O '
0.38-0.56 5 5 m
TABLE 41
Shows the effects of parameters
such as applied current, intere-
lectrode separation and plating
time upon the characteristic and
shape deposits using med ium
triangle and spherical anode

size.



Ni-Strike

oy e )

Anode i Current! In teregé Plating Deposit
Shape(cm) | Applied| ectrode; Duration| Sha cm
(Amp) | Separat! (min)
jon(mm)|
Medium Ellipse Anode size
ﬁ’i
0.49-0.5 5 5 1.:—[ 2
— b —
Lt
0.65-0.7 5 5 0
./
Rec lar Anode Size(Horizontal Position) |
1.55 5 5 I ) 7}
L 40 2.0 )
1.0 5 5 1
- J
2.5 TN
' 0.5-0.54 5 5 5.0
| ———
X}
0.53-0.63 5 5 @
-1.2
TABLE 42
Shows the effects of parameters
such as applied current, intere-
lectrode separation and plating
time upon the characteristic and
shape deposits using medium
ellipse and rectangular anode

size.



Ni Sulphamate

Anode Current| Interel | Plating Deposit
Shape(cm) | Applied| ectrode| Duration| Shape(cm)
(mAmp) | Separat (min)
I10on ()
Circular Size Anode
53 5 ,
) | s
Cone Size Anode
) 45-50 3 5 @
] 4249 o1
35-48 5 5 I
TABLE 43
Shows “the effects of parameters
such as applied current, intere-
lectrode separation and plating

time upon the characteristic

shape

deposits

using

and cone anode size.

and

circular




Ni Sulphamate

Anode Current | Interel! Plating Deposit
Shape(cm) | Applied | ectrode | Duration | Shape(cm)
(mAmp) Separat min
ion(mm)
small Triangle Size Anode i
110 1 1 1o |18
4 150 1 1 LS _ 12e
1.0, < -
e
141 1 i 1.0 12

Medium Triangle Size Anode

size.

240-250 1 1 RSN
Larpge Triangle Size Anode
111 1 1 | 1o J1.0
111 1 1 0.5 i.0
TABLE 44
Shows the effects of parameters
such as applied current, intere-
lectrode separation and plating
time upon the characteristic and
shape deposits wusing small,
medium and large triangle anode




]

Ni Sulphamate
Anode o ]
o ode Cur;‘c?nt Interel | pPlating : Deposit
£ed Applied | ectrode| Duration,; Shape(cm)
(mAmp) Separat min
Jon(me)
Spherical Size Anode
53-56 5 5
52-67 3 5
2-1.3
58-86 5 10 @
56-67 1 10
¢
J .
: 127-140 1 1
: @
! . @ 100 1 1
—] 21 = @
) 54 1 1 EE
56 1 1 N
Et.t-t,s;
50 I 1
f!J.}
&,
TABLE 45
Shows the effects of parameters
such as applied current, intere-
lectrode separation and plating
and

time upon the characteristic

shape

deposits

anode size.

using

spherical



. —— 1

N1 _Sulphamate
|

Anode Current: Interel | Plating | Deposit
Shape(cm) | Applied| ectrode! Duration Shape(E;)
(mAmp) Separat I (min)
ion(mm)

Rectangular Size Anode(Horizontal Position)

54-64 5 10 ¢ 1.4 L'y
Rectangular Size Anode{Yertical Position)
2
223-290 ) 3 :
- L’.‘ -L_:Ts
T
330-430 5 4 L2 J;.l
i
X
500-550 6 3
o '
i I 400-450 -
i 1.5 L2 2
E il 300-400 1-2 - 3
1
180-450 1 3
370-500 I z
200-350 i 3
TABLE 46 Shows the effects of parameters
such as applied current, intere-
lectrode separation and plating

time upon the characteristic and

shape deposits using rectangular

anode size in horizonatal and

vertical positions




=
; Ni Sulphamate
{ T
Anode Current | Interel | Plating Peposit
Shape(cm) | Applied | ectrode | Duration | Sha Ccm
(mAmp) Sgpanatl {(min)
[ ion(znm) | -
Small Ellipse Size Anode
54 5 5 ’if
1.u
60-65 5 5
g
i
! 3 5
¥
{I 125-130
N X
240-254 3 5
Medium Ellipse Size Anode
1 67-74 5 10 VLS
) /e
; N H
] 53-69 3 10 1.3 LS
: a1
- ) | .
JL 55-76 5 5 . ng
—rf 2 66-90 5 5 S s
TABLE 47
Shows the effects of parameters
such as applied current, intere-
lectrode separation and plating
time upon the characteristic and
shape deposits using small el-
lipse and medium ellipse anode

size




Table 48

Serial No. Comment s
OF 1011R Satisfactory
IN 10251R | Evidence of stop off overspill on to trailing edge
FA 568R Minor cratering noted along edge
IN 19534R Local area on convex aerofoil exhibits lack of
aluminising due to stop off overspill
IN 193728 Local area on concave aerofoil exhibits lack of
aluminising due to stop off overspill
FA 751R | Reworked blade, visual evidence of original defect
observed convex platform aerofoil radius
IN 19801R | Local area on concave aerofoil exhibits lack of
aluminising due to stop off overspill
IN 12831 Satisfactory
OF 10098 Coating satisfactory.

Blades exhibits breaking of coating




Table 49

Serial No. Comments
K01526 Satisfactory
k04099 Satisfactory
k01604 Satisfactory
k04092 Satisfactory
k04025 Local areas of non aluminising due stop off
overspill
k04098 Satisfactory
K04063 Satisfactory
k04102 Satisfactory
k04019 Satisfactory
K04103 Satisfactory,stop off overspill on leading edge
adjacent to platform
k02015 Satisfactory
K04045 Satisfactory




Table 50

Ist Stage nd Stage

Serial No. Hardness HRC Serial No. 5 Hardness HRC
IN 102518 8.0 | K045 | 3.2
IN 126318 3.4 K04025 | 40.6
IN 193728 32.2 k04063 40.0
IN 19807R 3.5 K04098 13.4
FATSIR 3.1 k04102 12.2
IN 19534R 3.8 k02015 3.0
OF 1009R 2.8 K04103 43.6
OF 1011R 3.2 k01526 1.6
FA 5608 3.8 k04013 4.6
K04019 1.2
K04099 4.4
K04092 4.2
k01664 39.4




Table 51

Stress Rupture Testing Results to date (Material U500)

Component Position Duration EI¥ | R of A%
1st Blade Aerofoil Test Held
Root Specimen stripped
threads
2nd Blade Upper Rupture on loading | 37.5| 37.6 Fail
Aerofoil
Lower Specimen stripped
Aerofoil threads
Root Specimen stripped
threads
Blank Blank 1 Rupture on loading | 35,4 | 41,1 Fail
Blank 2 | Rupture on loading | 39.3| 61.1 Fail




Table 52

TG20 1st Stage Vane
Serial No, Comments
115022 Satisfactory
IH1684 Satisfactory
IH981 Evidence of cratering defects on aerofoil and
platform
IH1511 Satisfactory
THF2661 Evidence of rework present convex aerofoil inner
radius
185042 Evidence of rework convex aerofoil
#1119 Crater present on leading edge remainder
satisfactory
IH9538 Satisfactory
105181 Evidence of rework (satisfactory)
IH1798 Satisfactory
14870 Satisfactory




Table 9

TG20 2nd Stage Vane

Serial No. Comments
IHT KEU04 Chip defect on leading edge vane 2 mechanical
damage evidence of rework visible in radii. Rough
surface finish between aerofils.
SER 6280 Evidence of rework present. Rough surface finish
on concave aerofoil,
IHF KE203 | Evidence of rework present. Some cratering vane I
Halo plating effect visible on inner platform.
20 FSA Some evidence of rework present roughness on
~ surface considered acceptable
IHI KEKO3 Evidence of rework on inner radii. Satisfactory
SER 6274 Concave aerofo1l show rough surface finish
considered acceptable. Evidence of rework on
platfora.
IHI KES02 Evidence of halo plating effect on inner
platforn. Considered acceptable.
SER 6278 Roughness on concave surfaces. Evidence of halo
plating effect and blistering on inner platfornm.
IHT KDBO2 Evidence of rework-present. Satisfactory
Vg 2218 Evidence of halo plating effect inner platform
considered acceptable
IHI KEKOI Evidence of rework inner platform considered -

dseeptable,




Table 54

Serial %

Component Position Time to | El%¥ | R of A%
No. Rupture
11981 Quter 14 hrs | 27,1 29 Fail
platform
Ist Vane | phsogs | Outer 12 hes | 4.6 27.9
platform Fail
Outer 54.8
platform 20 hrs | 40.4 | Pass
IHI Vane 1
KF307 Outer
platforn 24 hrs | 62,61 38.7
Vane 2 Pass
Outer
9nd Vane platform 18 hrs | 62.6 | 70.4
Vane | Pass
SER 6278 Outer -
platform 22 hrs | 54,8 65.9
Vane 2 Pass
] 52 hrs | 22.3 | did not
break
Pass
2 4 hrs | 50,6 44.6
Pass
Blanks ;
J J8 hrs | 39.61 46.6
Pass
4 33 hrs 48.8 §1.7

Pass




Shows the main bath composition

ranges, current density, tempera-

ture, pH and finally cathode
current efficiency.
Bath No.16 | Bath No.17 | Bath No.18 { Bath No.19
Platinum as 5 5 ] 5
P’ Salt, g/l
Sodiua 70 2 - -
Acetate, g/l
Sodium 100 J6 6 -
Carbonate, g/1
Sodiua - - 25 -
Citrate, g/l
Sodium - - - 40
Sulphate, g/I
Sodiua - - - 3
Chloride, g/1
Temperature, 84-88 84-68 84-68 84-68
‘C
pll 11.5 11.5 1.5 11.5
C.D nd/cd 15 15 15 15
C.C.Efficiency 18.6 {1 3.4 38.4

(*)




TABLE

o
far]

|

Shows the effects of various
current densities upon conven-
tional and pulse plating/longer
period.
C.D_(15mafca”) C.D (30mAsca’) | c.b (45mAfce)
Bath No.l1
Coventional Plating 14 7.3 4
Pulge Plating 16.2 8.5 2.1
Pulse Plating with Longer 15.8 8.6 Z.4
off-period
Bath No.2
Coventional Plating 17 13 7.1
_ Pulse Plating 16 15 7.5
Pulse Plating with Longer 16.4 16 7.8
off-period
Bath No.3
Coventional Plating 19 13.6 7.8
Pulse Plating 21 17 9.1
Pulse Plating with Louger 24.6 19.1 9
off-period
Bath No.d
Coventional Plating 18 12.5 6.8
Pulse Plating 23 16 8.2
Pulge Plating with Looger 22.1 19 5.6
Off-period
Bath No.5
Coventional Plating 7 6.8 3.1
Pulse Plating 9 i2 12.8
Pulse Plating with Longer 9.8 12.8 3.6
off-period
Bath No.6
Coventional Plating 4.1 1.4 0.5
Pulse Plating 2.1 a.7 g.5




Table 56. Continued

Pulse Plating 2.1 a.7 0.5
Pulse Plating with Longer g.5 0.2 a
off-period
Bath No.7
Coventional Plating 6.8 6.1 3.3
Pulse Plating 3.2 2.1 1.1
Pulse Plating with Longer 2.1 1.8 1.0
Off-period
Bath No.8
Coventional Plating 7.3 6.2 4.3
Pulse Plating 2 7.4 3.2
Pulse plating with Longer 11 8.6 2.2
Ooff-period
Bath No.9
Coventional Plating 7.9 6.4 5.1
Pulge Plating 5.9 7.3 8.6
Puise plating with Longer 12.1 8.6 2.3
off-period
Bath No.10
Coventional Plating 7.8 6.3 4.6
Pulse Plating 10.2 7.8 2.8
Puise Plating with Longer 14 9.8 2.5

Of f-period




Platinum metals concentraie

aqua quia
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Fig. 1. Scheme for the extraction of platinem and pallidiem,



Figure 2

Shows the melting points of
precious metals{Data from INCO

Ltd).

Figure 3

Shows the electrical resistivity

of precious metals.
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Figure 4
Shows the annealed hardness and
range of hardness for electrode-
posited precious metals.
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Figure 5

Shows the reflectance of precious

metals.



Power source

Flow of electrons
from source ™

passes to
negative Anode
electrode
(cathode)

Cathode

athode Negatively

[ —

Positively | ;;hnasrged
charged
ions

Solution of Ni’ "
lons

Figure 6

Schematic representation of the
mechanism of potential difference
across the cell due to the cur-
rent source makes an excess of
electrons available at the cath-

ode.
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representation of +the
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Figure 8

Potential and concentration
gradients in the electrolytic
cell Cu/CuSO4/Cu.

{a} The electrodes are unpola-
rised; the potential difference
Eeg. and there is no concen-

tration gradient in the diffusion

layer.

{b) The electrodes are polarised;

deeq. whilst Ep of the cathode

is more negative and concentra-
tion gradients exist across the

diffusion layer; C Cb are the

e’

concentrations at the electrode

and in the bulk solution.
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Figure 9

Schematic representation of the
electrical double laver.

Double laver acts as a capacitor,
with a fixed plate | the fixed
layer}) and a movable plate |{ the

mobile layer}.

5

Figure

Schematic representation of the
Helmoltz double layver {H.D.L)
consisting of a plate of excess
positive charges {cations) in
solution. The double layer as a
whole being electrically neutral.
The double layer can be regarded
as equivalent to a capacitor in
which the plates are separated by

a distance.
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Figures 10-11

Schematic representation of the
potential-pH diagrams. The dotted
line x refers to the conditions

of equilibrium .

Figures 12-13

Schematic representation of the

metallic platinum is stable in
aqueocus solution at low poten-
tials and fig 13 represents
theoretical conditions for the
corrosion, immunity and passiva-

tion of platinum
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Figure 14
Schematic representation showing
how metallic platinum is stable

in aqueous solution at low

potentials.
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Shows the components of a typical

Ion chromatograph are schemati-

cally indicated.




Figure 16
Schematic representation flow

path during sample loading.

Figure 17
Schematic representation flow

path during sample injection.
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Figure 18
Schematic representation- of a

square wave pulsed current.

Figure 19
Schematic representation of a
square wave pulsed current with
curved flow.
It does not show a pure square
because there is a gradual curva-
ture to both the asending and

descending current flow.
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Figure 20

General view

Mosfet electrical symbol.

of collector,

electrical
Mosfets are;

base.

symbols

drain,

(b) N—CHANNEL MOSFET

for Dbipolar and

Instead

emitter and base,

for power
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Figure 21
General view of a Laboratory

Potentiostat (Wenking.Model LB
M)o
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Figure 22

Shows the potential difference of
the reference electrode . against
the working.electrode. The polar-
ity indication is therefore
opposite to the normal electro-
chemical convention, as shown by.
the negative sign before position

Eg.



Figure 23

Shows the 2.0 litre beaker with a

separate lid which had five
openings facilitating the inser-
tion and removal of various
electrodes, thermometer and gas

bubbler.
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Figure 25

Shows the solid mild steel cylin-

der surrounded by same shape mesh

anode.




Figure 26
General view of the Pulse -plating

equipments containing, oscil-

pulse generator.

loscope and
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Figure 27 Schematic representation of the

pulse plating technique using
pulse generator, Zener Diode,
pover supply, power Mosfet,

resistor and finally the cell.
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Figure 28 COTTON BAGS

General view of normal plating
cell and circuit showing plating
bath, cathode cleaning cell,

anode and finally heating method.



Ef ficiency(%)

Ef fect of Current Density upon
Ef ficiencyof Bath No.I

1871 - N

A Vi RN
1 6_/ y L :'-: N
14_/,“j 1
129} 5

. fLs%Wa. 2 -
10—' R = .. t i
qEEEE: ©
6‘/f ; f 5’«* > 2 _I

17 - v~ Optimum Condition
4 s . 7 " High Temp
21 | . - Anode:Cathode(4:1)
G'/ A 7~ Low Temp
15 30 40

Current Density(m A per square cm)

Figure 29

Effects of current density wupon
bath No.1 cell efficiency, opti-
mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Effect of Current Density upon
Ef ficiencyof Bath No.2
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Figure

8

Effects of current density upon
bath No.2 cell efficiency, opti-
mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Effect of Current Density upon

Ef ficiency of Bath No.3
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Effects of current density upon
bath No.3 cell efficiency, opti-
mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Figure 33

Effects

bath Neow 5 cell efficiency,

of current density upon

opti-

mum condition of plating, low and

high

temperatures

and finally

ratio of anode to cathode,
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Figure 3

l

Effects of current density wupon
bath No.6 cell efficiency, opti-
mum condition of plating, low and
high temperatures a.nd finaliy‘

ratio of anode to cathode. _
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Effects of current density upon
bath No.7 cell efficiency, opti-
mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Figure 36

Effects of current density

bath No.8 cell efficiency,
mum condition of plating,
high temperatures and

ratio of anode to cathode.

upon

opti-

low and

finally
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Figure 37

Effects of current density upon
bath No.9 cell efficiency, opti-
mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Ef fect o f Current Density upon
Ef ficiencyof Bath No.10
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Figure 38
Effects of current density upon
bath No.10 cell efficiency, opti
mum condition of Plating, low and
high temperatures and finally

ratio of anode to cathode.
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Effects of current density wupon
bath No.l1l cell efficiency,
optimum condition of plating, low
and high temperatures and finally

ratio of anode to cathode.



Ef ficiency(%)

Ef fect of Current Density upon
Ef ficiency of Buth No.12

: i
!
B s i
|
|
""f
o EaNE
;_- I8N N B - N8 7 Optimumn Condition
= NP aON N “High Temp
N " Anode:Cathode(4:1)
i A / Low Temp
15 10 46

Current Density(m A per square cm)

|5

Figure

Effects of current density upon
bath No.1l2 cell efficiency,
optimum condition of plating, low
and high temperatures and finally

ratio of anode to cathode,
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Effect of Current Density upon
Ef ficiency of Bath No.13
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Effects of current density upon
bath No.13 cell . efficiency,
optimum condition of plating, low
and high temperatures and finally

ratio of anode to cathode.
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Figure

Effects of current density upon
bath No.l4 cell efficiency,
optimum condition of plating, low
and high temperatures and finally

ratio of anode to cathode.
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Figure

Effects of current density upon
bath No.l15 cell efficiency,
optimum condition of plating, low
and high temperatures and finally

ratio of anode to cathode.
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Ef fect of Current Density upon

Ef ficiencyof Bath No.16
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Effects of current density wupon
bath No.16 cell efficiency, opti

mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Effects of current density upon
bath No.17 cell efficiency,
optimum ¢ondition of plating, low
and high temperatures and finally

ratio of anode to cathode.
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Ef ficiencyof Bath No.18

“f d
70+ ’ ,_//
601 A
L
0-.
A
40
301 ——
20" SN ”
SEGIES N Optimum Condition
4 B " High Temp
101 - S N’ 7 Anode:Cathode(4:1)
0 s // ; // /" Low Temp
15 36 40

Current Density(mA per square cm )

h

Figure 4

Effects of current density wupon
bath No.18 cell efficiency, opti

mum condition of plating, low and
high temperatures and finally

ratio of anode to cathode.
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Figure

Effects of current density upon

bath No.19 cell efficiency,

optimum condition of plating, low

and high temperatures and finally

ratio of anode to cathode.
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Effects of current density and
platinum content upon cell effi-

ciency using 'P' Salt solution.
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Figure 49

Effects of current density and
platinum content upon cell weight

gain using 'P’ Salt solution.
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Effect of varicus current denci-
ties wupon cell efficiency using
@ Salt(J. M) to produce electre-

less platinum.
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Figure

Effect of various current densi-
ties upon weight gain using ’Q’
Salt(J.M) to produce electroless

platirum.
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Figure 52

Effect of various current densi-
ties: upon cell efficiency wusing
'Q' Salt{J.M) to produce electrc-

less platinum,.
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Figure 5

Effect of various current densi-
ties wupon cell efficiency to
investigate the stability of '@’

Salt solution.
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Figure 586

Effect of various current densi-
ties upon cell efficiency to
compare the high temperature with

low temperature using ’'P’ Salt

solution.
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Figure 58

Effect of various current densi-
ties upon weight gain to compare
the concentration of 2 'P’ Salt

solutions.
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Figure 59

Effects of Disodium Hypophosphite
and phosphites upon <cell effi-
ciency using 'P’ Salt and Tank

No.D.
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Figure 60

Cathodic polarization for four
different scolutions with effects

of various current densities.
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Figure 61
Cathodic polarization for 'p’
and 'Q' salts solutions with

effects of various current densi-

ties,.
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Figure 62

Cathodic polarization for differ-

ent ratios of platinum solutiong

with effects of various current

densities,
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Figure 63

Cathodic polarization for differ-
ent ratios of platinum solutions
with effects of various cathode

potentials upon cell efficiency.
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Cathodic polarization for phosg-

phates and platinum solution with

effects of various current densi-
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Figure 65

Cathodic polarization for phos-
phates and with repeated
platinum solution with effects

of various current densities.
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Com parison between Same Plating Tunk No- A
with effect of high and low Temn peraiure
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Figure 66

Cathodic poiarization for rtank
Ne . A with low temperature  and
tank No.A with high temperature
with effects of various current

densities.
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Figure

Cathodic polarization for plati-
num baths with high and low
temperatures with effects of

various current densities.
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Figure

Cathodic polarization for plati-
num baths with high and low pH
with effects of various current

densities.
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Figure 6

Cathodic pelarization for plati-
num baths with high temperature
and low pH and low temperature
and high pH with effects of

various current densities.
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Figure

Cathodic polarization for plati-
num baths with high pH with high
platinum content and low pH with
low temperature with effects of

various current densities.
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Figure 72
Cathodic polarization for
sodium, sodium with platinum

content and sodium with platinum
content at high tehperature with

effects of various current densi-

ties.
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Figure 73
Cathodic polarization for
sodium, sodium with platinum

content and sodium with -"platinum

coﬁtent at high temperature and

finally sodium with platinum at

low temperature with effects of

various current densities.
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Throwing power with effects of
interelectrode separation and
current density upon deposit

length and thickness. .
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Figure 76
Throwing power with effects of
interelectrode separaticn and
current. density upon deposit
fength and thickness, using
ellipse .anodes with Ni-sulpha-

mate solution.
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Throwing power with e f fects o f
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Figure

Throwing power with effects of
interelectrode separation and
current density upon deposit
length and thickness, uging
Spherical anodes with Ni-sulpha-

mate solution.



Throwing power withe f fects o f
Interelectrade Separation and C.d
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Figure 78

Throwing power with effects of
interelectrode separation and
current density upon deposit
length and thickness, using
rectangular anodes ~“with Ni-

strike solution.
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Interelectrode Separation and C.d
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Figure 79

Throwing power with effects of
interelectrode separation and
current density upon deposit
length and thickness, using
ellipse andes with Ni-strike

solution.



Thickness(um)

Throwing power withef fectsof
Interelectrode Separation and C.d
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Figure 80

Throwing power with -effects of

interelectrode separation and
current density wupon deposit
length and thickness, using

spherical andes with Ni-strike

solution.



Thickness(um)

Throwing power withef fectsof
Interelectrode Separation and C.d

Triangle Anodes
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Figure 81

Throwing power with effects of

interelectrode separation and
current density upon deposit
length and thickness, using

triangle andes with Ni-strike

solution.



Effect of throwing power with
effects of interelectrode separa-
tion ,diffrent shape of anodes,
current density with Ni-sulpha-

mate solution.
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Figure

Effect of throwing power with
effects of interelectrode separa-
tion ,diffrent shape of anodes,
current density with Ni-sulpha-

mate sclution.






Figure 84

Comparison between conventional
E“ 1t 1ne 1naol ;‘J' [ 1t 1ne illi'l"‘
lJ ited sample Favi -!g;l.] 4].'.[,,‘-,\-
1ts than those produced by con-
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Figure 85

Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.l.
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Com parison between conventional & Pulse
witheffectof Ef ficiencyof Bath No.2
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” /" Pulse plating

with longer off-time

Current Density(m .4 per square cm)

Comparison between -conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.2.



Ef ficiency(%)

Com parison between conventional & Pulse
withef fectof Ef ficiency of Bath No.3
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Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.3.



Ef ficiency(%)

Com parison between conventional & Pulse
withef fect of Ef ficiency of Buth No.4
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Figure

Comparison between “conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.d.



Ef ficiency(%)

ANANAVANA A NANANANAN

Corre parison berncernt eonvenelona & Pulxe

withef fectof Ef ficiency of Bath No.5

SN NN N N N NN

Normal pluting
287 / Puise plating
* / Pulse plating

15 30 40
Current Density(mA per square cm)

Comparison between

with tonger off-time

conventional

and pulse plating with effect of

current density upon cell effi-

ciency of platinum bath No.5.



Ef ficiency(%)

Com parison between conventional & Pulse
withef fect of Ef ficiency of Bath No.6
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Figure

9
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Comparison between conventional

and pulse rlating with effect of

current density upon cell effi-

ciency of platinum bath No.6.
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Com parison between conventional & Pulse

withef fectof Ef ficiency of Bath No.7
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Figure 9

Comparison between c¢onventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.T7.
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Com parison between conventional & Pulse
withef fectof Ef ficiency of Bath No.8
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Figure 9

Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.8.
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v
AV
AV
200 |/ //,
VAV
187 | A
% //
14" //
12-///| =
10-// § 1
8-/ /| ) i
6'//1// ,:: 3
4 //’ £ / 4 25" /Normal plating
-‘A 1 . 5 Puise plating
29 - ' Pulse plating
0 W Z = :
15 30 40 with longer off-time

Current Density(mA per square cm)

‘w
[4%]

Figure

Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.9.
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Figure 94
« Comparison between convent

and pulse plating wit

current density upon cell

cienc

h effect

ional
of

effi-

y of platinum bath No.10.
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Com parison between conventional & Pulse
withef fectof Ef ficiencyof Bath No.11
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Figure 9

L

Comparison bhetween conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.l1l.
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Com parison between conventional & Pulse
witheffectof Ef ficiency of Bath No.I2
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Figure 9
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Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.12.
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Com parison between conventional & Pulse
withef fect of Ef ficiency of Bath No.13
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Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.1l3.
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Com parison between conventional & Pulse
withef fect of Ef ficiencyof Bath No.14
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Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.14d.
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Comparison between conventional

and pulse plating with effect of
current density upon cell effj-

ciency of Platinum bath No.l15,
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withef fect of Ef ficiency of Bath No.16

/,—’"’ JL'_.I
" 30_( g
1
20
15-/
10-/
Normal plating
Pulse plating
< Pulse pfaﬁng
/]

40 with longer off-time

15 30

Current _Densit y(mA per square cm)

-y
(=]
[=]

|

Figure

conventional

of

Comparison between
and pulse plating with effect

current density upon cell effi-

ciency of platinum bath No.16.
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Com parison between conventional & Pulise
withef fectof Ef ficiencyof Bath No.17
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ciency of platinum bath No.17.
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Figure 103

Comparison between conventional
and pulse plating with effect of
current density upon cell effi-

ciency of platinum bath No.l1l9.
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Com parison between conventional & Pulse
witheffectof Ef ficiency of tank No.17

."/’

107"}/

91" |/ ;

s-/, d -

7_/’ // \

6-//

5_/// Z

TV

2// \ \\ N~/ Normal plating
4 e \\\\\v \\\\ idl'nﬁdmphuu@

I / A NN v/ Pulse plating

o 15 ’ 30 g 40 " with longer off-time

Current Density(m A per square cm)
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Comparison between conventional
and pulse plating with effect of
current density upod cell effi-

ciency of platinum Tank No.18.



Figure 106

Shows the P.T.F.E material which
was used in the laboratory befare

and after plating.

ek
[}
-~

Figure

Shows the usual procedure for
protection of fir-trsze roots of
blades during plating using

H.V.R{ High vulcanised rubber),






Figure 108

Flow diagram for pulse plating
and features resulting from pulse
plating method with aid of equip-
ments used. The use of pulse
generator, oscilloscope, power
Mosfets distinguishes the pulse
plating procedure from conven-

tional plating arrangements.
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Figure 109

Westinghouse TG2@ lst Stage Bucket Platinum Aluminised to RT22LT

Serial No. OF 1@1'R

g8 88
Section A 8
88 86
Vo
g8 AN
91 88 &
Section R
Section C 96 A\ 91
a9l 94.
i \ 94
o 9¢. = 88 94,
Section D &p 88 88- g8
50

Coating Structure .

Typical RT22 platinum aluminide structure.

Upper Aerofoil

Pt 55.2 vt% Al 21.4 wtd

Hid Rerofoil

Pt 57.3 witt Al 21.4 wtR

Lower Rerafoil

PL 56.9 wi% A} 21.1 wt%

Root Section

Note: Measurements of tot-al
coating thickness

pm

x40
etched
{marbles)

Pt rich outer layer (light etching), mid nickel aluminide (dark etching) and inner

diffusion zone.




Figure 110

Hestinghouse TG28 Vst Staqge Rucket Platimm AMumind sed to HT?22LT

Serial No. FA 568R

HR
. 83 I
Section A ) \ Upper Aerofoil
A Y _9,
8l \ Pt 55.1 wt% Al 20.5 ut%
I
<\ 83 HE 9
&6 83
] 91 s
Section B 91 \ Mid Rerofoil
27 94
\ Pt 59.7 vttt Al 20.9 wtl
gi
Section C Lower herofeil
Pt 58.0 wt® A} 21.1 wt%
- 86
Section D o S8 & Root Section

Note: Measurements of total
coating thickness

pm

- X409
etched
(marbles)

Typical RT22 platinum aluminide structure.
Pt rich outer Jayer (light etching), mid nickel aluminide (dark etching) and inner
diffusion zone.



Figure 111

Hestinghouse TG2¢'AND Stage Pucket Platinmm Aluminised to RT22LT

Serial No. K@1526

Section A Upper Aerofoil
Pt 51.2 wti Rl 2d.5 wut%
Saction B Mid Rerofoil
Pt 49.3 wt% Al 20.7 wt%
Section C Lower Aerofoil
Pt 47.0 wvt% Al 20.9 ut%
. \ 8 [/
86 88 88 L
. 96 - g6 .
Section D Root Section
9 o) T o
!
l"J Note: Measurements of total

coating thickness
% § ' ‘ Km

Coatin;g Structure

x408
etched
(marbles)

Typical RT22 platinum aluninide structure.
Pt rich outer laver (light etching), mid nickel aluminide {dark etching) and inner
diffusion zone.



Figure 112

Hgt_inqhouse TG2@ 240 Stage Bucket Platinum Aluminised to RTZILT

Serial No. K&1664

Section A Uoper Rernfnil

Pt 47.0 wt% Al 20.1 wt%

99

Section B Hid Rerofoil

Pt 41.0 witt Al 20.5 wti
Section C Lover Rerofoil

Pt 43.9 wit Al 21.9 wt%
Section D Root Section

Note: MHeasurements of total
coating thickness

um

Coating. Structure

x400
etched
(marbles)

Tvpical RT22 platinum aluminide structure.
Pt rich outer laver (light etching), mid nickel aluminide (dark etching) and inner
diffusion zone.



Figure 113

Retort 1

Retort 2

Illustrates coating thickness and

on USGR test tabs

Test Plece ID

1
2

Thickness

8.0040"
0.003¢"

¢.06038"
¢.0932"

chemical composition observed

Pt wt% Al wtd
46.7 20.2
45.9 20.3
43.4
45.6 2.0



Figureil13. Continued

Photomicrograph 1

X400
as polished
Tvoical Void Defect
Photomicragraph 2
X400

as polished

b3 VL
S AR

A R T R e e A S E AT S
Tvpical Void Defect



Figure 114

Hestinghouse TG29 1t Stage Vane Rh and Pt Alveminized to RT<4

Serial No. IH 981

Cuter Platform

88 g8 88 gg a8 88 -83

Upper Rerofoil 96 - oy
91 /
& 91

1 [} PL 48.4 Wt
83 / Al 28 4 vt

¢ g, & - Rh 3.6 uth

g

Hid Aerofoil

Lower herofoil

PL’ 45.8 wtk
Al 29.8 wti
Rh 3.8 utt

Inner Platform

. “j‘t’ﬂ I‘

Note: Measurement are of total ccating thidmess ﬂm - A1l chemical
cowositions are measured at the mid chord concave position



Figure 114. Continued

x 450
etched
(marbles)

RT44 structure exhibiting outer oprecious metal rich layer (light etching)
transforming to nickel aluminide laver (dark etching)



Serial No.

Note:

Figure 115

Westinghouse TG28 lst Stage Vane Rh and Pt Aluminised to RT44

Outer Platform

Upver Aerofo1il

Mid Aerofoil

Lower Aerofoil

Inner Platform

IH 5342

Measurement are of total coating thickness pm

All chemical

compositions are measured at the mid chord concave position



Figure 115. Continued

x40a@
etched
{marbles)

RT44 structure erhibiting outer precious metal rich laver (light .etching)
transforming to nickel aluminide laver (dark etching)



Figure 116

Hestinghouse TG20 3>, PStage Vane Rh and Pt Aluminised to RT44

Serial No. IHI KFS®7

Outer Platform
76 81 .. s 83

" o]

Uoper Aerofoil

Vane ]
Mid Rerofoil g1 88
Vane 1 86
96
Ve 88 9
101 96 91 ®

Lower RAerafoil
Vane 1

a8

Note: Measurement are of total coating thiclmess T |

For vane 1 concave aerofoil is inner surface

All chemical comositions are measured at the mid cherd concave position

Pt
Al

Pt
Al

51.9 wt%
27.9 wti
3.5 ut%

SP.2 wtk
28.¢ wt%
3.1 wtd



Figure 116.Continued

&7
81
Upoer Aerofail @ g -
Vane 2
a8
\ 83 - Pt 52.7 vt
8
‘or \ 8l B Al 28.7 wtt
8 Rh 3.1 wt%
Mid Rerofoil ‘3?' 88
Vane 2_ 83
g8\ 88
\ Pt S4.2 uth
Al 27.8 vt}
104 A Rh 3.5 wt%
g 86
Lower Rerofoil
Vane 2
Pt 49.2 wt%
Al 29.1 utk-
Rh 3.7 wi%

Inner Platform

g8 8

éj‘—_ﬁ T " M i

Note: All measurements are of total coating thicdmess wm -
For vane 2 convex aerofoil ix inner surface

All chemical comositions are measured at the mid chord concave position



Figure 116

=
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Eo

etched
{marhles)

Mid chord concave pasition

Vane 1.

etched

w
=
~

B3

-~

T

{marble

\

ition

posi

HMid chord convex

Vane 2.

observed on

convex aerafoll outer surface

and vane ?

er surface,

nn

i1,
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RT44 structure




Figure 117

Hestinghouse TG2@ 2N D Stage Vane Rh and Pt Aluninised to RT44

Serial No. SER 6278

Outer Platform . z

Sl

Upper Rerofoil
Vane 1

Mid Rerofoil
Vane 1

Lower Aerofoil
Vane 1

Note: Measurement are of total coating thickness /77

For vane 1 cancave aerofoil i1s inner surface

Al
Rh

Al

Al
Rh

N B
woLn
AB®

wad
S

All chemical comaositions are measured at the mid chord concave

utd
wtd
wt

wtl
wt%
wt%

wtd
wt%
wtd

position



Figure 117

* X400
etehed
(marbles)

Vane 1. Mid chord concave position

X400
etched
(marbles)
Vane 2. Mid chord convex position
RT44 structure obsér@éd on vane 1 concave aernfeoil. inner surface, and vane 2

convex aerofoil outer surface




Figure 117.Continued

H6 -
lipper Rerofoil 81
Vane 2 \ _~ 88
4
a, N\
B \ Pt 52.3 wt}
Al 31.0 wt%
o~ N1 73 18 Rh 3.5 wtsh
83
Mid Aerofoil g8 -
Vane 2
8> I
\ 81
18
18 ): Pt 51.0 wt%
7 Al 29.2 wt%
- ) Rh 3.1 wi%
Lower Aerofoil
Vane 2
Pt 49.9 wtk
Al 30.6 wt%
Rh 3.9 wt%

Inﬁe: Flatform

Note: All measurements are. of total coating thickness pm
For vane 2 convex aerofoil is inner surface

All chemical campositions are measured at the mid chord concave position



Figure 118

Coating parameter observed on X45 test tabs

Coating Thickness Coating Chemistry
Pt wt% Al wt% Rh wt%
Retort A #.0636" 52.5 29.7 6.5
Retort B ¢.0@35" 50.6 28.2 4.9
Retort C @.0636" 54.2 27.4 5.6

Retort D 0.¢036" 54.0 31.3 5.¢



Figure 119 Metallographic Examination

Coating Thickness Profiles

Rerofoil

Measurement U [T

/T 4
7 45 43
Al /Ptu peAl Outer Platform
/
43 40 43 ——”u ‘‘‘‘‘ Demarcation point between
Ptal [ - 0 Platinum Aluninising and
T y 4 Aluminising
o3
43 4
J2 40

Inner Platform

The observed Platinun Aluninide thickness, range of 40 to S34m is below the
desired 5¢ to 754#m range. The short fall in coating thickness is felt due to a
powder problem and that moving to a more high cantrolled specialist powder will
overcane this problem.



Figure 120

1 53 wt$
Al 24.0 wi%

o]
S

wt$

Al 24.5 wt%

Pt 51

Pt 48 wi%

Al 26.1 wit%

Pt 56 wit%

Al 23,1 wt%






