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For better optimisation of cost and output , it will be advisable to minimise the
power consumption due to ohmic polarisation in the solution by increasing the
throwing power of the bath, increase agitation to permit plating rate ,hence reducing

the time of the plating. It is also advisable to operate at the maximum density in order

to deposit on the cathode substrate at the shortest possible time .

#
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ABSTRACT

The basic fundamentalities of the project was to ensure absolute protection on
expensive, and scarce metal surfaces from corrosion, rust caused by CO,, water
droplet and oxygen. Others include achievement of brightened black colour
deposition on the buckles and even thickness throughout the surface. To achieve the
desired result the organic additives were added in felatively low concentration to _
enable the modification of the structure and fhorphology of the buckles.

a
The time for plating of the cathqde was observed to increase with the voltage

until an optimal voltage of 109 k\golts whlch &rrespond to a time of 45mins then the

thlckne,ss oﬁ deposmozi

The expenment at the mcephori requlre the‘ cleasmg, pickling, degressing of

the buckles to remove lmpunnes of any sort; cleaSmg of thls bath with the electrolyte
e ?v.

solution. 131e d .c power source, a feedback‘control panel supplied a steady dc current

of 0.5 Amperes. The current was constant so as to enable the decomposition rate of

the anode material to be steadyandumform

From mathematical calculation shown in the appendice , the best thickness of

coatmg on the buckle was obtained in experiment 2 with a thickness of 1.5umand the
. ,:-i,»least thickened buckles are those f;or experiment 3&5 with value of 3.28.m.

| It can also be concluded that using the current market pricing of equipment
specified in designing . The total cost of the major items of equlpments is extimated
to be N12,521.48k and the extimated total cost for the raw. materialis calculated to be

N18,660.00K.
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CHAPTER ONE

1.0 INTRODUCTION

H

Electroplating is the electro- deposition of an adherent metallic coating on an
electrode in order to form a surface with the properties or dimension different from
those of the basic metals. The term adherent excludes electroforming, which is
usually considered a branch of electroplating technology and the term
electrodeposition must be stretched to include glectroless plating and immersion
processes that do not employ electric current. Platmg metal may be transferred to
conductive surface (metals) or to non—conductlve surface (plastic, wood, leather),

after the latter have been rendered condugtﬂre by such processes as coating with
14 .

graphnc conductlve la Sk, :",oless plate or vapoux?sed coating
Actually, thc practlcal and technolﬁgy phases of electroplatmg matured much

earher tliau the saenl Untﬂ about Woﬂd War 1 electroplaﬁu%remamed essentially

smon were closely guarded family secrets, and most

electroplaters made no pretense of 1m0wmg even the fundamentals of electricity or
L

: chenustry ‘Modem electroplatmg started m 1800 w1th A Volta s discovery of the

voltmc ptle or battefy which made note worthy quantlues of direct current electricity

: ’

avallable It was about the sante tlme that the battery was employed to deposit lead,

..Qopper and silver. Most earlier uses of electroplating were predominantly decorative

and the physical and chemical properties of the product were not so important as its

| aopearance. The demands of world war 1 and especially II for finishes with close

tolerances and ri}g,idly specific properties converted electroplating from craft to a
technology grounded in basic scignce and engineering. This development has been

forwarded by advances in metallurgy and physical and electrochemistry, by

improvements in sources of direct current and in measuring instruments and by the

\

rise between the wars, of the chemical industry which made available reliable sources
of pure chemicals.

Electroplating is a surface treatment. The substrate to be plated is made the

1




cathode is Mnt + ne -~ > M - ()
At the anode, the reaction is the dissolution of the same metal ie
M-ne -->M" . A e (1.2)

The electrolysis conditions are controlled in such a way that the current
efficiency of reactiorr (1. i) and (1.2) are the same and hence the concentration of Mnt
in the bath remains constant. In a few cases, the metal ion‘L.s to be added as a aslt
and then an inert anode, usually lead dioxide, is egployed; the anode reaction rs then
oxygen evolution.

Fora successful electroplating process, the correct pretreatment of the cathode
and careful selection qf the anode matenal, phtmg bath, current density and other

o
2
electroly31s condltro It has been observed to be common to

electroplate ":1:"‘5‘ -

it

1] smgle metals the most unportant at‘e Sn Cv “Nl Cr tn, cd; pb Ag, Au and pt.

a s
.‘.sl :

i) Alloys mclud:mg Cu/Zn C/Sn, pb/Sn Sn/Ni, Nr/Co and Ni/Cr

Tl

S

g ::‘. ites; ie metals contammg sohds such as PTFE or WC2.

~The ongm of the mdustry lay m the des1re to enhance the value of metal
_:’artrclesby unprovrng their appearance but in modern tlr:les the importance of metal
‘ﬁmshmg for prely decoratlve reasons has decreased. The trend is now towards
surfa_'ce treatment which will unpact corrosion resistance or particular physical or
- ;;rreehatlical properties to the surface .(e.g conductivity, heat or wear resistance,
lubrication or 'sold'erabilit'y) and hence to make possible the use of cheaper subante
metals to give them essential metallic surface properties. Other properties conferred
on electroplating includes frictional characteristics, lucar .resistance and hardness,
speciﬁc electrical properties.

The objecﬁve of an electroplating process is to prepare a deposit which adhere

well to the substrate and which has the required mechanical, chemical and physical

properties. Moreover, it is of overrinding importance that the deposit properties reet

2
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many metals may, by mocjﬁcaﬁon of the bath and plating condition be deposited with

different properties. The bath, current density, temperature, etc. will depend to some

extent on the deposi't properties required.

Owing to the importance of reproducibility in the deposit, it is important that
the plating bath is stable for a long period of time. It is also necessary that the quality
of deposit is maintained over a range of operating conditions since some varia;tion in
concentrations and current density are pen'odical]‘ bound to occur particularly when
different objects are to be plated. Tolerence of the bath to mishandling during

¢
&
operatlon on the factory floor is an addltlonal advantage

nnproved by mtrod'ucmg auxﬂlary anodes (usually platlmzed tltamum electrodes,

'ﬁ; B

‘where the reaction ig oxygen evaluatl_on) at vanou-s 'posmon in the electrolyte, the
o ey o Lo :

Aobjective being to increase to. cathode current ‘densit at points where it would
otherv!ise be very low ie at pomtsfrom the camdéé furthest from the normal anodes
(e.g in holes or recesses in the f’(‘,bj‘ect‘h_'_eihg pl;ted). ¢

The ahility of the piating bath to give an even deposit is measured by its
ﬂnoWing power. The main process parameters which affect the throwing power are
t'he composition of the plating bath (ie total electrolyte concentration, complexing
agents, PH, additives), tempefﬁﬁ;e and current density. From the view point of
energy efficiency it is attractive for the electrodeposition process to have a high
current efficiency and the plating cell to be des1gned to have a low anode-cathode

voltage. The energy used in the electrolysis itself is ;/‘ommonly low compared with

that required to heat the bath and to prepgre -the surface prior toplating. The

electroplating process of mapny metals is carried out with a very high current

efficiency with the exception of chronium dgposition.

3 .
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heavy-metal and transition - metal ions. Thus all large electroplating facilities will
have a plant for the removal of metal ions and other toxic species before effluent

water is discharged.

1.2.0 SCOPE OF WORK

1. Use-local methods and technology to achieve black coat.

2. Use electronical process to achieve degosition which odhere well to the
substrate. |

3. To give the coated ‘material du:ablhty o.nd present corrosion on the metal

caused by 02,45 20 and oxy gen. 5

’ ,J.g.s: :

4. ’_’Eé achlevc

| ;thlckncss throughout the surface

Yo

13.0 LIMITATJONS é'

’Hns work is hmlted to ensurmg_., y the ;cchmcal nnportance associated with the

o surface ‘of the buckle and producemevel deposﬂ: ona mlcrosccxlc scale.

_ Tn course of the laboratory work, an acceptable technical objective was
] .
obtained at an optimal voltage on 109 volts and a constant current of 0.5 Ampers, the

current density for the anode and cathode was maintained at 300 Aldm2 and the

¥
A 3

temperature of 40°c.




CHAPTER TWO

2.0 LITE.RATUREVREVIEW

2.1 BATH PREPARATION

The first step in preparing a new bath consists of thorough deaning of the
empty platire, tank. All solid particles and dirts are first removed by sweeping and
wiping. If the tank contains grease, it should be wiped out with rag containing a
suitable solvent. Rubber or plastic tanks requirgno further deaning, where as
wooden tanks may require painting of lining witt\ pitch. |

For electroplating, cleam'ng,' n'nsin%, dgggasing, picking are most important

which are describgd hege

3

‘J'@‘. -

2.1.1 CLEANING

The cleanmg"aoperation 1Km d
type selected depends on the mafe 2116 be cleaid

to be electrblytic or by soaldng. Cleaning may cOntzi}ﬁ*s_odium phosphate, sodium

JREY,
N '.\',\;‘,’.‘\__'

. W er
type of alkaline cleaner. The

L.and on whether the cleaning is

hydroxide, sodium silicate, sodium carbonate:sodwm borate or any combination
of these salts. Moét cleane}rs consist of phosphate br gilicate with some hydrbxide
or carbonate added. Electrolytic cleaners may be operated with the work as the

¥
anode or the cathode. Anodic cleaners are often preferred because metal

impurities cannot deposit on the work.

2.12 DEGREASING

It is advantageous to degrease prior to electrolytic cleaning. Degreasipg
may be done by dipping the work in a bold solvent or it may be done by exposing
the work to hot vapour. The vapour will condense on the metal and only clean

solvent will come in contact .with the work.
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2.1.3 PICKLING

The plating process consist of some type of etching which is required to
remove inorganic‘ surface films and expose the metal to the action of the plating
bath. If this step is not carred out properly, peeling iblistering or poor adhesion of
the deposit will result. Ectching is usually done with mineral acids, sulphuric
being preferred and hydrochloric is also used. Pickling may also be done
electrolytically, the advantage being that the solution of metal can be treated by the

current and the amount of metal removed can be more clqsefy controlled.

2.1.4 RINSING, ')

: it it-may also be done

2.2. 0 SUBSTRATE PREPARA'- (10

0
F ora useful electroplate to be depos1ted on the surface, it must be

condmoned to recéive 1t that as the surfgce @Q be prepared as to ensutre the

~ Qesued bond ‘A practlca.l deﬁmnon then of a satisfactorily clean surface would

'_f,f,‘-‘?_f_be a surface contammg no forelgn matenal that interferes w1th'the formation of an

adherent dep051t. Hence, this connotes the removal of gross dirt and soil, heavy

oxidé or'té.mish ﬁfms.
A typical cleaning cycle iﬁcludes the followin@

) Pickling to remove gross scale.

1)  Any mechanical preparation such as polishing or buffling

1it) Cleaning’t‘o reﬁove oils, greases, shop dirt and polishing and buffling
componds | | |

iv)  Rinsing

V) Acid dripping to remove oxide films and

vi)  Rinsing




used to bond buffing and polishing compounds. The 'problem associated with
using an organic cleaner is .that removal of oils and greases from a highly
contaminated surface may merely leave the non oily dirt dry and more firmly
attached than ever. Common solvent for this purpose are perctlorocthylene,
trichloro ethylene, trichloro trifluoroethane,methylene chloride and methyl
chloroform.

Alkaline deaning generally follows the organic cleaning and its function is
to dislodge surface soil, principally by dispersing that it does not settle back on the

*,

work and to some slight extent by sapomfymg the saponifiable oﬂs and greases.
\ &\J‘ t

Alkaline cleaning maygbg aecomphshed by ohig of the three techniques;

D ‘Soak

ii)  Cathodic or direct
iii) * Anodic or reverse

'V;Alk%me cleaners are invanably apphed'at elevated temperatures Soak

cleaning the part mvolves%mlmersmn on the cleaner;md with mild agitation. In

Vt\&‘
w ;

direct cleamng, when the work is the cath \j“fi‘ce as much gas, in this case
hydrogen is evolved as when the work is ﬁf“‘b&anode (reverse cleaning) in which the
gas revolved is oxygen. ‘In cathodic cleaning the impurities mihe cleaners may be
deposited on the surface or hydrogen may embrittle the basic ﬁletal. Anodic
cleaning, on the other hand may form oxides on the surface of susceptible
matenials.

The water-break test is mostly used universally as test of adequate cleaning.
Water break is the gathering of a.film of water into depplets or streaks and its
occurrence is a sign that the surface is not clean.

Acid dipping generally follows cleaning and serves two ourposes:
) Removes slight tamish or oxide films formed in the cleaning step.

1)  Neutralises the alkaline film.

Acid dipping is usually a 10 - 30 vd% solution of Hcl or H2 S04, preferably




23.0 THE ELECTROPLAITING PROCESS

The operation of electroplating, including the cleaning, rinsing, plating and
post plating treatments can be carried out manually or with almost any desired
degree of automation. Parts may be hung in the plating tank or wires or on racks;
when many small parts are to be ploted, they may be contained in wire baskets or
.more commonly in barrels that rotates in the plating tank. Movement from one
operation to the other may be by hnnd or by machine.

The necessary d.c power is derived from Amotor generator or increasingly by
a feed back control system. ‘Power is conveyed to the plating tanks by bus bars;

the anodes are hung

4 , centre. Tank voltage is
By E. f’!i’z‘;’*, b

read from the voltmeter and cuﬂentgom an ammietis’ A thid instrument, an

ampere-hand meter is often help p meAng g ating the thickness of

plated‘from the n¢

deposit an%or general control ofﬁle operatmns & ﬁg
Some ag,ltatlon of platmg solutlons or of the work is usually helpful. The

oldest and the sunplest method c0n51sts of ' :;aperator merely switching the work

automatic platm;, machmes the .work 1s moved. through the sol?on while it is
plated; prov1ded clean air-is used and the solution is not sensitive to oxygen or
carbon dioxide. Air agitation is convenient and eﬁiclent. Agitation may be
prow)ided by stirring or pumping the solution, the latter is often necessary when
heat exchangers are used for temperature control or where continuous filteration is
required. In barrel plating, agitation is supplied by the movement of the barrel.
Temperature control is almost desirable in .plating opetations because the
_ characteristics of plating solutions, of the deposit or of both usually depends to a
large extent on the tempera;ture of operations. Heating or cooling coils in the tank
itself may be used, or the solution may be circulated through a heat exchanger.

Electric immersion heater may-bewsad t0o.




other precautions should be taken against stray currents, which tnay be very
troublesome and extremely difficult to trace. In additioxt to the basic equipment;
flters for either continuous or intermittent purification of solutions; drying
facilities, which may range from a simple jet of compressed air to large ovens,
racks of design appropriate. To the part being plated, and a fack'mg station where
the work can be conveniently hung on these racketr and unracked after plating; one
or more stripping tanks for stripping faulty deposits so that part can be reworked
and for stripping the plating rack themselves; reclaim_ttmks if the drag-out is
valuable and worth reclalmmg, portable pump for transferring solutions; and at

least one empty tank h at the platmgmk can be emphed and worked on;

and charactenstlcs and hence a ferent batt il '{'tio‘n and electrolysis

| condmon ﬁor several metals’ ttxere 15 a choice of im& J;non complexing bath
which is used for.rapx‘d platmg of simple shapes eg ﬂat surfaces and wires and a
complexing_mettium which gives a low_e_r i

W3 3 A -
power asséntral for introcate surfaces. Most plating processes operates at a current

density between 10 and 70 Macm?2, a value which is low comf*red with that for
the preparative electrolytic processes. In general, the thickness of the deposit
required will range between 0.01 and 100mm depehding on the application. The
electroplating procedure will only last from a few seconde to thirty minutes. The
current density for silver deposition is particularly low while those of wickel in
sulphumate medje and tin in the ¢hloride/flouride bath are markedly higher. Most
of the current is hydrogen evolution. For most metals current efficiencies are good
and that the use of additives and temperature slightly above ambient is normal.
The plating of some alloys is also possible although the limitations are
greater and the control of the conditions is more critical. The alloy deposited

clearly depends on the electrolyte, bath temperature, current density and the ratio

o
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towards the low end of the metal plating range and many of the alloys do not

dissolve .anodically so that it is necessary to use anodes of both metals.

When very small objects such as screws,' nuts and boltS'are to be plated, it
.is usually carried out by barre! plating,. They are loaded by the weight into a
perforated barrel maid either from metal, when it also acts as the anode connection
or from plastic, when cathode contacts are placed inside the barrel. The barrel 1s
rotated slowly (5 - 20 revolutions per minute) in the vanous solutions and in the
plating step an even deposit is obtained to lure random orientation with respect to

the anode.

The sludge placed symme{‘ﬁcally about the cellove _ug, the posmon of the jigs,

man anode and auxxhary anodes may be o on expenence or detailed computer

o

. optmusatim dependmg on the ¢0St of the pr?)duct and the scale of the operation.

ln large facilities, the tanks w111 have a loop for contmuous filtering of the

: e_lectrolyte _a'nd the bath temperature, PH and current will be monitored. The

e
3

»

‘fooncentratioh of metal ions will be determined by external analysis on a regular
basis. "l'he most modern plants will also have an efficient control plant to deal
with liquids resulting from washing and spillages from the tanks.

The heavy metals.are commonly precipatated with caustic soda and the
solids then allowed to settle. The control units for the electroplating baths operate

at a current between 100 and 10000 A and a voltage of -8 to -12V.

T




2.4 PLATING BATH CONSTITUENTS .

The plating bath is normally a complex mixture of salts of the metal being
'plated, electrolyte, and various additions to ensure that the eletroplate has the

desired properties and quality. The constituted compoents include:

2.4.1 THE METAL ION
The metal to be plated is present in solution either as the simple hydrated
ion or as a complex but always in high concentration;, typicaily 1.0 - 3.0m. This

high concentration is essential because, while At is .necessary to use a reasonable

current density, the q .‘ of the plate sﬂﬁ‘ers badly if the deposition occurs under

conditons where the. _ode feaction is even p

ly mass - transfer -

controlled A non complexmg medium i 15- e ; %usedifor rapid plating on
L, .t @‘.‘Lﬁ SR )

Ob_]CCtS of snnple shapé«ﬁvhlle compiexmg mediaare; ployed when a high

lyTes are also add“ed to in hlgh concentranon to give the bath
Ylumm conductmty They also have the role of controlhng the PH and
buffenng the solut}on partlcularly if hydrogen or oxygen is evolved at the cathode
* or anode respecnvely, since th]S reaction will tend to change the PH. An increase
in PH may lead to deposition of metal hydroxides or a decrease of H2 evolution.

¥

2.43 COMPLEXING AGENTS

Complexing agents are used to make the deposition potential more negative
when it is necessary to prevent a spontaneous chemical reaction between the
cathode and the plating ion. e.g plating copper onto iron or steel.

- Cu2++Fc¢ --> cut Fe 2+ 2.0




agent is added to rack the potenﬁ;ll of the Cu2+/Eu couple negative to that for the
Fe/Pe 2+ couple; then equation 2.0 is then no longer thermodynamically
favourable. Complexing agents are. Used to improve the throwing power of the
bath. The most common complexing agents I electroplating are cymide,
hydroxideand more recently, sulphamate ion.

Complexing agents also have a role at dissolving anodes; they can prevent
passivation and therefore, loss of current efficiency in the corrosion reaction and it
is for this reason that a low concentration of chloride ion is a common constituent

of many baths.

n /‘;\ ,\%
the structure/morphology and

empmcal and dcﬁuls of thelr mode of operatlom ;he seldo& known. Generally

addltlves are usually capable of ab“sorp&oi on the cathq@c surface and in some

;i&;.x;sf :

cases orgahm i A 'S mcludeﬁ t’o the dep051t especlally when the plated metal

has a igh surface energy (hlgh meltmg point). Many addmveg also increase the
"vdeposmon 0Ver potential and this may be due to the need for electron transfer to
éccur through the absorbed layefor dqe to complex formation at the electrode
surface.

There is clear evidence that when several additives are present in the

electrolyte, their effect is synorggtic and significantly improves the technical

properties as classified below:

2.44.1 BRIGHTENERS

I obtain a bright deposit, the microscopic roughness of the deposit must be

lead compared with the wave length of the incident light 50 that it is reflected




Ragtnnn

rather than scattered. Brightness are commonly used in relatively high

~ concentration (gL-1) and may result in substantial organic matter in the deposit.

They usually cause the formation of an even, fine-grained deposit and hence may
set by modification of the nucleation process.

Two types of brighteners are recognised, the first are aromatic sulphones or
sulphonates and they lead to bright deposits without lustre and also reduce stress.
The second are molecules containing - C = N, - N-C =Sor’ C=0 entities eg
thiorea and coumarin, which produce deposits with a high lustre but also raise the

stress and brittleness in the metal.

=

&

2.4.4.2

. These produce a ,lgvel deposi.on a mere nﬁc@Scopic scale and get by

. .- . B, P
absorption at points which otherwiSeigs

PN "

udg be rapid deposition of metal.

‘Thus ébéerpﬁéﬁ‘q{ﬁdditives ocgurs p. locations because of a higher
L AP | . . P T i - . . .
free energy o?absorptlon and at peaks because e rate of their diffusion to such

L

L LE - LR o
points isienhanced to absorbed additive-will reduce the yate;of electron transfer.

S f

2.4.43 - STRUCTURE MODIFIERS "
VThevsé'j’e'idditives change the structure of the deposit and may be even the
prefe’néc‘dx orientation or the typé-éf lattice. Some are used to optimise particular

depoéif properties and others to adjust the stress in the deposit (stress is due to

lattice masfit). The latter are called stress relievers.

2.44.4 WETTING AGENTS

| These are added to accelerate the release of hydrogen gas bubbles from the
surface. In their absence, the hydrogen which is often evolved in a parallel
reaction to metal can become ihcluded in the deposit cayusing, for example

hydrogen embrittlement.




|

'combined with the genrally good resistance of nickel to many corrosive chemicals,
makes it useful in a host of industrial applications. Worned or mis-machined parts

can be built up to proper dmensio‘ns by niclgel or chromium plating, such

expensive equxpmen; 1; t@us Salvaged at a snﬁl fractlon of the cost of replacing it.

3 électroplatmg, porous

!‘-&

. &
"1“? p‘w»" L . éﬂ;ﬁm «
P . Y i

engmes«aﬁ tin glated to preVent scopmg of the cylinder walls by the abrasive

. N #Q% 31' '; 1
2.9.0 EL‘EC@’ROFO%M

,th'e platmg Operatlon and sklIl and fores1ght in the design of mandrels to ensure

¥ thelr successful removal from the form In thls manufac’w.rmg ‘ hmque metal 1s

.“

‘ dep051ted upon a form or mandrel whlch is later separated from ﬁie dcpos1t

V/,‘

mandrels for electroforming are of two types: temporary, those used to producc:
one electroform and then removed by melting or dissolving away the electroform;
and permanent, those that are removed from the electroform intact. Choice
between them depends on shape of the electroforms and the number of pieces to
be produced. Temporary mandrels includes aluminium or zinc that can be

dissolved away chemically while permanent mandrels are usually of stainless steel,

. chromium plated steel, nickel, alloys, or aluminium.

9]
O
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2.9.1 IMMERSION PLATING

Involves the replacement of a metal ion in solution by an atom of the

substrate. For examp{e, tin ca&be plated «.m, copper mn thlS manner. Immersmn tin
<

r

- to the passage of an electric current through a metalhc conductor m elther the solid

or liquid state. Simple metals may be considered to be constituted of atoms

stripped of their valence electrons, existing as ions surrounding by a sea of
electrons. In the presence of an electric field, the ions cores are subjected to a
force directly resulting from the field, as in an electrolytic solution. In-
electromigration there is, in addition to this direct field force,_ a force resulﬁng
from the friction between the numerous and rapidly moving electrons and the ion

cores. This force is known as the electron wind force, is in the opposite direction

a2




to the field force in electron conductors and for metals in electrolytic solution, the

current results cntirely from miotipn of ions, in usual electromigration phenomena
. : e T i - R :

&
3

gible in

gontributed by 1q,ug | 6tion is quite negli
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xx) Distilled water ' 7 litres

xx1) Empty bottles _ 14000cm”3

: L : s

3.2.4 PREPARATION OF PHENOL SOLUTION
2grams of phonel was diluted with 1000cm3 of distilled water in a beaker.
Pure phenol is a colourless solid melting at 42°%, moderately soluble in water and

weakly acidic phenol reacts readily with alkali hydroxide to form salt.

C6H5-0OH + KOH --> C6 H5 DK + H20

Phenol is used for surface active agents, other uses includes, lube oil additives

2
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gasoline additives, drugs etc.

| 3 2.5 PREPARATION OF H2504 SOLUTION

2 72ml of eoncentraged H2504 was dlluteg';m 1000cm3 distilled water. 1tis

nslth of,lu834 at 25°c The aca,cf dpcomposes the salt of the

L a colou;lesg kand"has a?eE

alcohof‘ w1th * formular

| ; Iy -speciﬁcaﬁon
&'fth dlsulled ther The feed :back control system was the sénxce of dc power aimed

t upplymg a censtant eurrent of O 5 amperes at ‘anépén'mal voltage of 130volts

For cathode matena? (e buckle) wa&thoroughly cleaxfed fo ensure absence of

gross dirt, leaving wide or tarrish films, by pickling, rinsing, and dlppmg and by

mechanical preparation such as polishing. Furthermore, the plating' bath the beaker
of 250ml was thoroughly washed and rinsed with the main electrolyte. The anode
material pure lead was harmmered until flattened. This is to ensure easy

decomposition of the anode material in the electrolyte solution.

100ml solution of the main electrolyte Pb (NO3) was measured into the plating

vbath and a subsequent addition of 20ml each of the other additives in the order of

a
ol




K2C03, KOH, phenol, glycerine and H2504 was done. The mixture was mixed well
by stirring it. With the aid of the connecting wire, the anode material was connected

to the positive end of the feedback dc power source through the variable rheostat and

the ammeter The vanable rheostat was vaned' o mamtam a steady current of 0.5

5 at a Qmperature 120% for% mmutes before rewelghhng was repeated
Th experiment continued this way, although varymg the quantities of the

additives, main electrolyte Pb(NQ3)2.

QY
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2.5.1 CURRENT DENSITY RANGE

Current density is the average current in amperes divided by the area
through which that current passes; the area is usually qominal area. Current
densities at the anude and cathode are bot important; phéy may differ considerably
although not by so large a factor as to make the necessary bery great difference
between the anode are and the cathode area. Too high a current-density at the
anode may render it passive and too low current density may cause the metal to
dissoive in an unwanted valence state. All thing being normal, the higher the

current density obtgmab!@, the faster the plating rate and thus, in general, the more

R

=S

jZ 53 TEMPERATURE L
Contfol of temperature 1s unportant n almoét all plaﬁhé processes since

eééﬂ solution is characterised by a range of temperature within which it gives the

best results. Tembérature affects all the variables of the solution; conductivity,

current efficiency, nature of the deposit and stability.

2.5.4 ANODES
Anodes in a plating bath perform.two functions, they act as the positve
electrode, introducing current into thwe solution, and in most cases, they replenish

the metal deposited at the cathode, thus maintaining the balance of the bath. The

s




performance of the anode is of considerable impotance in detennining the success
of an electroplating process. Where possible the anode is made from the same
metal as that being plated at the cathode and the conditions are selected so that the
concentration of the metal ion in solution remains constant. This requires the
anode and cathode current efficiencies to be matohed (usually with values
approaching 100%) over the whole service life of the anode. In particular the
electrolytes in the plating bath mast be chosen so that the anode does not
passivate. In the active region, the electrode reaction_is the desired metal
dlssolutlon but on mcreasmg the current densxty or the over-covered with an oxde

film which passivates ﬁae anode that is, causes the, ¢ current for the corrosion
s a‘i

reactopm tp drp[ tp a l’f

Ina 'const'ant - current electrolysis, the potential of the anode will shift into

the transpasswe ;:eglon where oxygen eVOIUtIOl%FIS a major component of the

The deposmon process has two dlstmct phases At the start of the plating

.ﬁ% |
fprocess the deposmon of the metal will occur on an electrode surface of the

" different matenal, that of the object to the plated The first step will be the

formation of nuclei of the new phase and their growth into crystals with the

characteristic lattice of the electroplating metal. Once the electrode is fully

I A

covered, one 1s dealing with a M/M™ electrode and the thickening of the layer into

sy

a microscopic deposit. In terms of time or charge, the plating process consists
almost entirely of the latter process, bu the initial stages are also. Important since
they determine the structure of the primary layer (such as the shape and number of
growing crystallites) and thereby influence the structure of the final electroplate

and its properties. The density of nucleation is dependent on the plating bath and

X



is extremely sensitive to tne electrode potential and alsothe current density.

The growth of the nuclei formed occutrs qnire rapidly at comparatively low
overpotentials, and in a constant current situation the potential will decrease
substantially once nucleation has occurred. The growth of the crystals occurs by
incorporation of the md1v1dual metal atoms into the crystal lattice. The newly
incorporated metal atoms is only likely to be stable when it enters the lattice at a
site vrhere it interacts with several other atoms already in the lattice).

The orerfl phase growth is a sequence of at léast three steps:

L Mass transport (this may be diffusion, convertion, or rnrgration) of the
metal-bearing species tqﬂthe electrode surfaoo | :‘*’“ T

1i. Elgctron transfer to form an adatom R

11, D1ffus1on of the adatom across the surface mto a posmon in the lattice.

fpceselg fjthe Cune,nt t‘l’%ﬁy .employé_d, ,A't';

} ‘ L= nFK (Cm“t + exp ('“nF/RT /\).

2.7.0 PRINCIPLES OF‘ELEC-TR}(‘)PL'ATING
Electricity is a cheap reducing agent in electroplating, so for economy it

ke

should be used.

2.7.1 PRESENCE OF ION AND ELECTRICAL CONDUCTANCE
When an electric field is applied to a metal, according to the direction of
applied field, electrons starts moving from negatively oharged and of metal to its

positive end, this way current flows in metal. Thus, a substance conducts

/5




electricity when an electron or some other electrically charged particles like ion
have to move through it.

In all electrically conducting solution, the solute molecules give rise to two
types of electrically charged particles or ions. The negatively char,ged type of ions

are called anions and the positively charged ones are callec cations.

B T

272 CATHODE AND ANODE

The metal plates dlpped in a solution through which the electrons are
hbrated or absorbed, are ealled electrodes The electrode which liberates electrons
from the solution after acqumng them fromnegaztwely charged ions in the solution

is posmvely charged and called the anode, but the electrodes which gives

electrons to the solytlon (megatrve charged) is called the cathode

.30 ﬁexﬂ:recn_ 0 'cf the applied elegtrons ﬂow asa steam in a smgle d1rectlon

' ;Thrﬂs; ﬂow of-current in a;a electrolyte solutron have two streams of cations and

;; ‘.k “"‘-ZA 1

j,amons ﬂowmg in mutually opp051te direction, but the total current strength is the

“sum of the current strengths due to the streams of cations and amons

2.74 ELECTROLYTES

The electrolyte is the medjum that carries the current by nteans of ions.
The abilioty of a solvent especially water to ionize substances dissolve in ti, such
that to split them into two components which carries negatiyely and postively'

charged that enables electroplating possible.

/7.



2.7.5 EL‘ECTROLYSIS

A solution which is a good conductor of electricity has cations and anions
in it. These ions are normally produced from solute and solvent. When an electric '
current is flown in solution b)r dipping electrodes in positively charged i0ns
(cation) move to the negatrvely charged electrode and negatrvely charged (anions)
moves to the posrtrvefy charged electrode at the electrode. Thus, in an
electrochemrcal reactio, the electrochermcal charrged involving combination with
release o’[f'ele‘ctrons takes place arrd iorls are normally converted to the electrically
neutral produc‘t‘ whrch;rre totally dr'fferent from solution. This phenomena is

called electrolysis. ,,%‘.7’ T

In other words, electrolys1s isa process m whrch the anions and cations

present in drssolvﬁ?{' ygate of a substance are applymg an electrrc ﬁeld these are

. transferred to t} ¢ ,espectrve electrode (ie cathode and‘»anode) and these loses

there”éh‘f‘q‘ges wda

elese m the S 'Iution becanse the elqgtrolysrs is the result of electron acceptance

},;; and electrorr shaddmg- phenorrrener, and thus can occur only ;rt 'ell_ectrode surfaces.
2752 FARADAY’S FIRST LAW OF ELECTROLYSIS
In any process of electrolysis, the deposits formed on an electrode is

directly proportional to te fusalit of electricity flown through the electrolyte; The'
quantity of electricity passed through the electrolyte during electrotysis is |
proportional to the current strength and for the time for which current is passed.

If the quantity electrity (Q) is measured in columns and strength of the
current (I) measured is ain ampere and time (t) is measured in seconds, then Q

Q = Ixt

¢




weight of deposit on electrode (W)
w = Z1T
where Z is the constant of proportionality an_d- depends upon the characteristic of

the 1onic spec1es dlscharged at the electrode. The constant is called

electrochemlcal equlvaleng of the ionic species and it umt 1s' gram per coulomb.
& # ks
2.7.'5.2; B FARADAY’S SECOND LAW OF ELETR(_)LYSI_S
States that, when the same quantity of electn'city is passed through a
number of electmlytes the wétght of corrésponding dep051ts at differet electrodes

%
are exactly proportlon to thelr chenncal eqmvalems resngcuvely

Chemical equivalent or

2.8 ENGINEERING APBLICATION AND TECHNICAL IMPORTAN CE

4 -

Apphcanon for p]ahng*arc class;ﬁed accordmg to the n,ampal function of

-
1]

L Appearance and adhesion

E 4

) protection against corrosion

1)  Special surface properties

iv) 'Engineering or mechanical properties

/9
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2.8.1 APPEARANCE AND ADHESION
The list of articles plated for appearance is almost endless, automative,
aicraft parts, refrigerator, hardwares e]ectueal apphance plumbing fixtures, office

furniture, photographlc equxpment ﬁreams pens and penc:lls costume jewelry,

office eqmpment, etc Some electroplatmg process mﬁ umque usefulness
,.s. i
mcluﬁes chodmm plqtmg for reflection, silver and chodmm platmg for electrical
o
propertles and gold platmg for god electrical contact. One of the most important

A

surface etfects 1s mcreasmg solderablhty by plating with tin: For a plated coatmg

.—u p

to perform its funchon,jit must*adhere to the substrate,

(f‘ ;ST MB 117)~1$ w1dely uspd and spemﬁed 1t is not a good measure of the

«’ebrrosnon res1stance of plated coatmg It may however, be useful as. a quahty

%
ﬁ control systems

’} -~ - 2.8.3 ENGINEERING OR MECM&ICAL PROPERTIES

Situations where electroplates are applied for their mechatlical, physical, or
chemical properties rather than primarily to protect or justify the substrate reflects
there engineering applications. Metals in this connection includes chromium, iron,
copper, lead, silver, gold and tin.
| The mechanical properties of nickel, that is, hardness, tensile strength, and

stress can be varied by controlling the conditions of deposition. These properties,

P
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CHAPTER FOUR

4.0 RESULT, DISCUSSION OF RESULT AND CALCULATION

Lt

35 |40 |45
m b
o o
EXPERIMENT 2: DATA',
.. G B
i 50 {55 |60
T4 Lus fus
9 7 5
fao |as
107. | 107.
7 7
time | 0 1 2 3 4 5 o lis {20 {25 |30 |35 |a0 ]as
(min |
. s)
volt | 104. [ 104, [106. | 107. [ 107. {107. {106, | 106. | 107. | 108. | 105, § 110, § 111, | 1m0,
age( | 4 4 5 4 4 1 5 5 1 0 9 4 0 3
v)
2

o it PSRRI




EXPERIMENT 5 DATA

Tim |0 ! 2 3 4 5 w s 20 f25 {30 |35 Jao |45
e(mi
ns)
volt {105, {105 {105, {106 [ 107 | 107. | 105 {107 [ 107. 107, | 106. | 105. | 107. | 107.
age( [0 o fo {3 {7 |7 9 |7 7 {7 {8 o {7 |7
: v) - - ‘
& ok A S e
Table* COATING THICKNESS AFTER EI;ECTﬁRQPIATD\IG‘ i
Maténal buckles t after plating(g) Coating thickness
i 005,
12 3.96 w005
" 008 -
007,

ir




(0) RERORE COATING

FIGURE 2 : BECTIONAL \'BN OF THE BUCKLE

SCALE: 112
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CHAPTER FIVE
DESIGN OF ELECTROLYTIC CELL THAT
CAN ELECTROPLATE 300 SHOE BUCKLES
51 EQUIPMENT AND DESIGN’
“Thereaction leading t_o information of the electrolytic bath can be described by
the following eqhations of reaction
A0 PO 174 N(o N ¢Y) BT 1
H,S0, + 2KOH-- =-> K;80, + 2H;0 oo 2
C3H803(afq) """" > C3H803 ........................................................ 3
H,S0, + K,SO, --=------ > K,S0, + CO, + 2H,0 oo 4
CsH&OH + H2504 """ > C6H50803H + H2O ............................. 5
BASIS 1 LITER SOLUTIOON
MATERIALS | CONC./LITER | MOLEWT. | MOLARITY
PBNO,), = | 97gliter 18315~ 02931
[KCO,, ] 35pliter 138 |0.254
KOH . |250g/liter 56¢ 4.464m
_ |PHENOL - |2g/liter t24g 0.0231
H,S0, * 272ml in "1 98¢ 1 0.1m
500m/H20 ’
b ?4.99g/1§t¢r
| GLYCERINE | 65ml/liter = 92g 0.891m
" e 81.97¢
& Total = 470.96
I, H,SO, + 2KOH > K,S0, +2H,0
0.1m H,SO, =__0.1m H,SO, 2MOL KOH 56g KOH
1molH,SO, 1molKOH
z 7.72mol IN 500ml of water =  11.2g of KOH. -
4464m KOH = A464KOH 98gH,SO,

S S e

0.1mol H,SO,




*

= 12.446gH,S0,

Amount of H,SO, reacted = 12.446¢g

Excess H,80, = 38.76 - 12.446 =26314g

1molKOH 43.75gH,S0,
Amount of H,SO, reacted = 43.75g
Excess H,SO, unreacted = (43.75 - 4.99)
=38.76g
. Limiting reactant of KOH = 250¢/liter
5.1.1 K,SO, pro;luced_ |
2molKOH = 1molK,SO,
4.46mol KOH = * 4464 = 2‘;232 K,SO,
Molar mass of K,SO, = 174¢g
Concen&aﬁon =2.232 * 174 = 388.368 K,SO, produced
S.1.2 Water produced
2molKOH = 2molH,0
4.464 KOH = (2/2) * 4.464 = 4.464mol OF WATER
MgSs of H,0 prdduced = 4.4644 * 18}«%‘, 80.325¢
- | e =80.325cm”3 of wavter’
| anside;m;;;;cond equation
iﬂzsoé;ﬁé}"kgcq ------ >K,80, +C02 + 2H,0
Conceﬁtration of eXce’g;s H2S04 1 mixture = l38.76g,::,:'_';
Molarity = 38.76 / 98 ="(.).3955m01 K,SO,
A O.3955m01HéSO4 =_0.3955molH,SO, | lmo‘lKZQQ1 138gK,CO;
| , ~ 1molf,SO,  1molHSO,
- 54.579gK2CO3 .
0.254mol K,CO, =  0:254molK,CO, _0.5molH,SO,  97¢ H,S0,
1molK,CO,  Imol HSQ |
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= 0.114 * 4184 J/gK = 0.4757)/Jk

TABLE5: CALCULATION OF SPECIFIC HEAT OF K,CO,

ELEMENTS Molecular Heat capacity
weight

K 78g 6.938*2=
13.876

C 12g 2225 * 1=
2.225

O 48g 4.074*3 =
12.222

TOTAL 138g 28.325C/deg.

Cp =28.323 /138 = 0.20523C/gK
So therefore, 0.20523 * 4.184 = 0.8587205J/gK

Cp 2K,CO, = 0.8587205 * 2 = 1.717441j/gk

TABLE 6: CALCULATION OF SPECIFIC HEAT OF KOH

ELEMENTS Molecualr weight heat capacity

K 39 6.9381%1= 6.9381
o) 16 4.074 * 1=4.074
H 1 4.970 * 1 = 4.970
TOTAL 56 15.982C/degM

Cp = 15.982 / 56 = 0.2853928C/jk
= 0.28539 * 4.184
= 1.1940837

Cp 2KOH = 1.194084 * 2

= 2.38817J/gk

(0
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TABLE 7: CALCULATION OF SPECIFIC OF H,SO,

ELEMENTS

Molecualr weight

Heat capacity

H

1

4,970 *2 =994

S

32

5.7264 * 1=5.7264

O

16

4.074 * 4 = 16.296

TOTAL

49¢

31.9624-

Cp =31.9624 / 49

=0.6522938

Cp H2SO4 = 0.6522938 * 4.184

=2.729198J/gm

TABLE 8;

ELEMENTS

| Weight

Molacular

HEAT

CAPACITY

36

2225 * 3 =6.675

8

4.97 ¥8 =39.76

16

4074 *3=12.22

TOTAL

60Kg

58.657Cal

deg.mol

Cp =58.657 /60 =0.97765C/g mol.

Cp = C3H80 = 0.97765 * 4.148

= 4.090486J/gmol.

3
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TABLE 9: CALCULATION OF SPECIFIC HEAT OF C,H,OH
ELEMENTS Molecular Weiglit Heat capacity
C 36 2.225* 6=13.35
H 6 497 * 5=2485
0] 16 4.07 *1 =4.07
TOTAL 58¢g 42.274Cal. / g. Mol

Cp=42.274/58

~ =0.72886 C/g.mol
Cp C,H,OH = 0.72886 * 4184
= 3.049559 J/gmol.

TABLE 10: CALCULATION SPECIFIC ﬁEAT OF K2S04
ELEMENTS Molecualr Weight Heat Capacity
o 12 2.299 * 1=2.299
0] 32 4.088 *2 =8.164
TOTAL 44 10.463C/gmol.

Cp = 10.463 / 44

=0.238C/gk

Cpl CO2=0.238 * 4.184 = 0.996])/gK

Cp2 CO2=2*0.996 = 1.992J/gK

Xcptl = Cp reactant Pb(NO,),+Cp reactant 2K,CO, +Cp reactant C,;H;OH

Xcptl =0.4758 + 4.0904876 + 2.729198 + 2.38817 + 1.717441 + 3.049559

= 14.450556J)/gK
Xcpt2 = cppdt Pb(NO;), + Cpp dt + C3H, O, + Cppdt 2K280, + Cpdt 2H,0
+ CP2CO,

2cpT2 =0.4757 + 4.0904 + 1.730175 + 25.200 + 1.992
=33.488363

Acp = Zcppdt - Xcp reactant




5.15 COSTOF BARREL PERFORATIONS
Dnilling of 5Smm hole =50k

Drilling of 200 holes=200*50k=N100.00

5.16 COST OF ELECTRIC MOTOR .

0.5HP electric motor=N8000.00

5.17 COST OF COPPER RODS |

cost of 0.5m x 0.15m =N150.00

cost of 3rods =N150 x3 =N450.00

5.18 COST OF CABLE

3.0mmcable of 1.5m =N300.00

5.19 COST OF COPPERHOOKS

1hook cost N30.00

2hooks cost =N30 x2 =N60.00

. 5.20 COST PROPYLENE BARS

cost of thick propylene = 0.2m*0.02m*0.01m =N100.00
Cost of 2 =N100 x2 =N200.00

5.21 COST OF GEAR (POLY -PROPYLENE)

1 gear of diameter 25mm =N150.00

2 gear of same diameter= N150.00 x2=N300.00

5.22 COST OF FLEXIBLE CATHODE CONTACTS
A pair of flexible cathode contact of length 120mm and diameter Smmcost N250
5.23 COST OF ANODE

300g of pure lead cost N300 |

5.24 COST OF THE BUCKLES

1 brass shoe buckle of surface area 0.157dm"2cost TNZO
5shoe buckles cost =N20x 5 =N 100

Total cost of major item of equipments N12,521.48K

5.25 COST OF RAW MATERIALS

l%
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pb(N03)2

500g of pb(NO3)2 cost N800.00

4000g =4000 x800/500 = N6400.00

K2CO3

500g of it cost N1200

1500g =1500x1200/500 =N3600.00

KOH | ',
500g of it cost N900.00 | |
1200g =1290x 900/500 =N 2160.00

H2S04

500ml of it cost N500.00

2000ml =2000x 500 /500 =N2000.00

DISTILLED WATER

1 litre of water cost N10.00

100litres =N 100x 10 =N1000.00

GLYCERINE

llitre of it cost N15

100 litre of it = N15 x100=N 1500.00

PHENOL

10litre of it cost N25

800litre =800x 25 /10 =N2000.00

Total cost of raw material =N18660.00

COST OF ENERGY

Total energy required for the process = 9500 1076 J
If IKWh electricity ttilises 3.6 x10°6J

Then 9500 x1076J will require =9500 x10"6 /3.6 x10"6

= 2.639 Kwh
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1f 1kwh cost 3k

2.63%kwh =2.639x 3 =N 7.92K

so,total cost of energy =N7.34K in 10 mins of opération

5.26 PROCESS CON SIDIERATION OF OPTIMIZATION
It is advisable to electrolyte of high conductivity ie having sufficient ionic content
plating solutions . This will minimise the power consumptioh toohmic polanzation in
the solution and also increasing the throwing power ofthe bath
2. Agitation 1s recommended to permit plating rate hence réducing the time of plating
3. ltis also advisable to operate at the maximum current denSity in order to deposit
on the cathode substrate at the shortest possible -tim'e

4 A high temperature gives rise to useful resultsdue to increase in salt solubility , thus
permitting greater metal and higher current density.

5.27 SAFETY AND HEALTH IN ELECTROPLATING

Each stages of electroplating process is eminent to different types of dangers
due to the us e of toxic ,concentrated solutions and electricity in addition their is

possible exposure to dust from work material and gases and vapour of the organic

solvent used in the cleaning process

Health and safety in electroplating industry involves

1. Atleast a member of the staffs should be trained on first aid precautions and

application
2. During polishing ,mixing of the salt, undertaking ,pickling ,plating processes

quality control and effluent treatment ,;rubber aprons:,overall wears ,hand gloves

should be worn at all times.
3. Maitenance of the equipments used in carryingout the process is essential . This

willreduce the effect of contamination .

Allworking staffs in the workshop should ensure that appropriate dresses ,tools and

2y




= 33.48836 - 14.45056
= 19.0378J/kgK
Q=M. Acp (t2-tl)
T1 =306k; T2 = 313k
Acp = 19.03781/kgK.
M ... =43476. 179¢
Heat of process Q= Mocp (T2 - T1)
=43476.179 * 19.0378 ( 313 - 306)
=827691.1*7
= 5793837.7)
= 8.276MJ.
5.7 ELECTRICAL ENERGY BALANCE FOR THE BARREL GEAR
Power required = (745.7w + 1.8642w) / 1Hp
Q= VIT =P*T
= 1.8642 * 2700
=5033.34\
58 ELECTRICAL ENERGY REQUIRED FOR ELECTRODEPOSITION
BASIS
[=162;T=45 min.; and V = 3.70Volt
Q, =VIT
=162 * 3.70 * 2700
= 1618380
Total energy balance for ow;erall process
Q=Qu+Q+Qp
Q; =5793837.7 + 5033.34 + 1618380
=8496171] |

= 8.4962M1}
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5.9.0 DISCUSSION OF RESULT
5.9.1 GENERAL OVERVIEW OF ELECTROPLATING PROCESS

I n the electroplating process the movement of Pb ions from anode to the
cathode was observed. This is due to the electrochemical effort of process. Also
become darker due to the decomposition of Pb as a result of the dessipation of
electricity as heat. This keeps fluctuating for the fact concentration of Pb in solution
keeps on éhanging. |

510 THE DEPENDENCE OF TIME OF THE ELECTROPLATING
PROCESS |

For particular electrolyte used for electroplating, there is an uptimum time
required for effect decomposition of the metal (Pb) on the substrate (buckle).
Although the amount of Pb deposited on thé buckle is a function of time, but from
experimental result it was observed that at 45minutes the best was got. So in the
essence the uptimum time is 45 minutes. When the time .was increase further,
although there are more clusters of Pb on the buckle bixt the binding power of the lead
is; not as shining of that it was stored at 45 minutes. |

5.11 EFFECT OF THE ADDITIVES ON THE ELECTROPLATING
PROCESS

There are four main additives used, ﬂle;/ are needed to enhance the
binding power of the lead on the bukcle oand also to éive shining colour.

It was obsreved that where KOH was put in exces the overall desired property
desired, that is, high adherance and shining colour it was noted.that when phenol was
put in excess, it usually leads to.the depreciation of the deposited Pb. So avsmall
quatity of phenol as additive is desired. The gycerine is added in small quantity due
to the fact that it is just added to smoothe the surface of the electroplated buckle. A
little addition of K,CO, changes the colour of the electrolyte to the white which is

desirable.
(v




5.12 OPTIMUM CONDITION FOR THE ELECTROPLATING
PROCESS

By the thorough evaluation of all the parameters that contribute to the effective
electroplating process, it is obsreved that the electroplating time should be at 45
minutes and the additive should added in relatively small qautitty as compared to the
amount of Pb(NQO,), added.

5.13 EVALUATION OF ELECTROLYTIC CELL DESIGN

The cell consists of stainless steel tank incoporated with another band to serve
as an insulator. The cost of construction was esﬁmated to be N11,436.50. So, in
essence, the setting up of an electroplating industry is relati‘vé,ly 'cheap and profitable

owing to the low cost of construction equipment.
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materials be used during the process

5. In unavoidable cases where worker becomes avictim of any of the safety

precautions, first aid treatment should be imlemented quickly depending on the kind

of defect before taking to the clinic .
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5.14 COST OF MAJOR ITEMSOF EQ.UIPMENT
SPECIFICATION

5.14.1BARREL

1. Size

Length = 120mm

Diameter=90mm

2. Optimum plating surface area 1;12?075m2.

3. Typic

al current amperes=80 amps

5.14.2 DETAILS

1. Size

Length = 300mm

width=350mm

Height= 400mm

Drive 5.14.3T =0.5HP gear motor

5.14.3 TANK (CARBON STEEL)

Thickness of the metal sheet =2.5mm

cost of 1*1m =N1500

5.14.4 TOTAL AREA OF THE SHEET

2 Face of length*breadth =2(0.300*0.20m) =0.12m?2
2 face of height*width= 2(0.400 *0.350m) =0.28m2
1 face of length*width =1(0.300*0.350m) =0.105m2
Total area of sheet =0.505m2

If 'lm 2

Then 0.505 m2 will cost N1500*0.505 =N757.50
5.14.6 RUBBERLINING

Area of the rubber lining =Aera of thetank=0.505m2

1m2 rubber cost =N230
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50,0.505m2 rubber =230%0.505 =N116.15
BARREL

Total surface area ofbarrel = DL +1nD2/2

.Length =0.18m

Diameter=0. 14m

Barrel area =2.142*%0.14*0.18+3.142*0.14*0.14"2
2

=0.079+0.03079
=0.1098m?2
1m2polypropylene material cost N800
0.1098will cost = 0.1098*N800
=N87.83

P
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CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATION
6.1 CONCLUSION
Based on the result got in the experiment, the following conclusion are made,
(1) Optimum time required for the électroplating of buckle in the lead 1s 45
minutes.
(11) For the effective eletroplating , small amount of KOH, K2C03, glycerfne
and phenol should be added relative to the amount of Pb('NO3)2. |
(1i1) The construction of the electrolyte ceﬂ is cost effective as .regard to the
low cost of construction.
6.2 RECOMMENDATIONS
The following recommendations are méde to further enhance the- effective |
electroplating process; |
i T;lle chemical used should be fresh, that is, should be prepared fresh before
use.
11. The industry should be located where there is stable current to enhance
uniform deposition of the lead on the buckle.

ii. The industry should be situated very close to the market.
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APPENDIX A

1.1 CALCULATION OF SURFACE AREA OF THFi BUCKLE

From figure 2
Area of shaded portion

Total area of rectangle = 3.3*3.4 =11.22 cm”"2

Area of (3) =0.25 *1.6 =0.40 cm"2
Area of (1) =1*2.1 =2.1cm"™2

Area of circle =7 *0.4"2 -1 *0.15"2
=0.50265 -0.0707 =0.432 cm"?z

Areaof thehole = 1%2.1-0.432 =2.1-0.432=1.668cm"2
Area of the shaded portion = 11.22+0.4 -1.668- 2.1=7.85 cm”"2
Total surfa;:e area =2%*7.85=15.70cm”"2 =0.157dm"2
CALCULATION OF CURRENT INTENSITY
I=Dc *A
Where I =current in amperes

Dc=cathode current density A/dm”2

A,=area of the buqkles in m”"2

1=300*0.00157=0.47amp

o

B



APPENDICE B
CALCULATION OF THE COATING THICKNESS
d=tDc1y22.3
Where
d=coating thickness in wm
Dc=cathode current density in A/m"2
1 =electrolytic timein hour
ratio of the lead density(11.4g/m"3)to its electrochemicalequivalent
(106195g/a.h)
1.2.1 CALCULATIONOF THE CURRENT(%)
N=G/Gth.
Gth =ItE
G = actual amount of substance in electrolysis
Gth =Theoritical amount calculated from faraday’s law at the same electric power
E =electroche1ﬁical equivalentof buckles
1 1.2.1. E for buckles
E for brass = Brass constit40% Zn and 60%copper
Efor zn =.0.000340 | |
E for cu =3.29*10-7g/Ah
E forbrass=40/100*zn+60/100*3.29*in 3.29*10-7
= 1.36%0.00034 +1.974*10-7=1.361974*10-4g/Ah
1.2.1.2
N1 for buckle with initial massof.3.90 at 45 mins

71-3.95:2.90
0.5%0.75%1.361974*10-4

=9.789
1.2.13

#2 for buckle with initial mass of 3 .91g at 60mins
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3.96-391

0.5%1*1.361974*10-4 :
=7.34
1.2.14

13 for buckle with mass of 3.89g at 45 mins

113=3.97-3.89
0.5*%0.75*1.361974*10-4
=15.66

1.2.1.5

1#4=3.98-3.91
0.5%0.75%1.361974%10-4
=13.7

1.2.1.6
15 for buckle with initial mass of 3.90g at 45 mins
15=3.98-3.90
0.5%0.75*%1.361974*10-4
=15.66

13CALCULATION OF INDIVIDUAL COATING THICKNESS
81=0.75*300*9.789

[.0735*10"-3
=2.052pm

52=0.75*%300%7.342
1.0735%107-3
=1.5um

03=0.75*300*15.664
1.0735%10"-3
=3.28um

04=0.75*300%13.705
1.0735*%10"-3
=2.87um
05=0,75*300*15.664
1.0735*%10"-3
=3.28um




REFERENCES
1.Harrison, J.A. andThirsk,H.R.(1972) ,A Guide to the Study of Electrode
Kinetics,Academic Press ,London; P.134-165.
2.Bopkn's JOM.and Raszumney,G.A. (1967),A Fundamental =~ Aspect of
Eectrocyystallizz;ﬁon Plenum Press ,New York, P.76-120
3.Canninghandbook on Electroplaﬁng ,22nd edition,E . and F.N.Spon,London (1978).
4.Gabe , D.(1978), Priciples of Metal Surface Treatment and Protection Pergamon
Press, Oxford.
5.G.B.Hogaboom,Metal Finish,(1958), F.A.Lowenheim, Metal Finish.
6.Coombs C.F. (1979),Printed Circuit Handbook,Mch;a\'av-hi‘ll Book Co. ,New
York,(l967), 2nd edition. |
7.Read H.J. (1961), Hydrogen Embnittlement in Metal Finishing ,Renhold Publishing
Co., New York
8.Harding;‘ W.'B.(1974),Modém Electroplating , 3rd edition, John Wiley and
Sons,Inc.,New York
9.Mc Geough.J.A. (1974), Principles of Electrochemical Machining , Chapman and
Hall Ltd,London.
10.Wilson J.F .(1971) Practice and Theory of Electrochemical Machining , John
Wiley and Sons, Inc .,New York.
11.Cunning .W.(1987), Surface Finishing Téchnology ,The Camp Handbook
Plc,Birmingham London.

12.Mippal. A.(1980), Engineering Chemistry, Khanna ,P557 -565.

13 Zeretsky .K.S. (1987), Introduction to Electrochemistry, M.R.Publishers Moscow. |

14.Donald G.F. (1976),Kanoble Electrical Engineering , McGraw Hill International,
13th edition, P24-29, P 39-48.
15.Hoaré,J. P, Mao,K.W,and Wallace ,A.J (1971), Corrosion,P.27-211,

\
\

-3

S




