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ABSTRACT

The geometric parameters determining the distrifutivere the interelectrode gap, electrode lengtangverse
section and length of the electrolyte manifold. Seheesults are useful for estimating the perforneaoicthe stack.
The current distribution becomes more uneven wherndistance between the electrode (Anode-Cathodegases
or decreases. however comparing the parts of A @xéhow prominent current distribution only at shmial
deviated position of A and C. It can be observeat #n increase in electrode gap has changes oneaotirr
distribution and Throwing Power [TP] and also onreent Efficiency [CE] as decreases, the effectntélielectrode
gap on the current distribution is more pronountledn effect of electrode length. This study shatlvatithe effect
of interelectrode distance on the rate of metala$étpon on a cathode can be satisfactorily desatibg the model.

Keywords: Current Distribution, Throwing Power, electrolytiteposition of Zn, Position of electrode, Current
efficiency.

INTRODUCTION

The properties of a surface coating obtained bgtedltic deposition on many factor and in manyesasptimal
plating conditions must be determined empiricabne of the most important factors affecting theligpaf a
deposit is the current density during deposition.study this effect and to determine optimal ptoonditions in
practice, many electrodepositers use a cell, stractomposed of two non-parallel electrodes ansisglealls. Since
the cathode is tilted with respect to the anodeide variation in current densities along the cdtheurface can be
obtained[22] in a single experiment; thereby pefmdtthe observation of the quality of depositsdquoed over a
wide range of plating conditions.

To estimate the local current density [13] on ththode in Haring —Blum [1] cell empirical formulaee used in
practice. These formulae, however do not take atocount the influence of electrochemical kineticsl anass
transport, i.e. they strictly apply to primary amt distribution conditions only. In the view oftalmed results and
ease of implementation for the solution of typicatrent distribution problem in applied electrochemhcells.
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In a rectangular electrolytic cell with plane etede parallel to each other and covering the enltsweampletely
the current density is in general the same atahtp. The current lines are perpendicular to tleeteodes in the
same manner as the field lines in capacitors except the edge. Under most practical conditionsl@dtroplating,
however, a different geometry prevails and accaigithe current density is not uniform. A speciastance is
shown schematically, where the electrodes cover ardertain portion of the end walls of a rectaagudath. The
current density at the edge of the electrode ikdrighan elsewhere, since the current lines paparinoutside the
space between the electrodes. Likewise, non-unifamrent distribution results if the electrodes o€ plane.

Consequently, as explained by numerous authorgbhoby Forester [2], Haring and Blum [1], Garda&) &nd

Hoar and Agar [4], the current distribution in tlectrolytic cell is determined by linear and narelar dimensions
such as breath of electrodes, distance betweemdmthnd anode, and distance between crests anghsraf

profiled electrodes. Numerous geometrical arrangegsef electrodes have been considered .It is fiverehe

objective of the paper to supplement investigatiartbis respect.

EXPERIMENTAL SECTION

Fig (1.) depicts the experimental arrangement ef ¢fectrolyte of ZnSQ 7H,O0 (MERCK) and electrode of
segment, 5 x 2.6cm wide. At opposite side of Anag&n electrode in order to minimize concentrato®s of Zn.
The data acquisition was performed using digitizedtrolled and which was used to apply a constarneat. The
electric connections were made at the points ohd @. Several points were carried out for differantperes in
different space in order to compare the results.

Anode

Anode

(=)

Fig.1. Metal deposit at various positions of Cathoel

Cathod

3. A novel determination of Throwing Power [TP]:

The effect of electrode distance on the rate ofaindeposition on cathodic surface was studied inosel
compartment cell which contains A and C kept atedéint position apart also changed .the experinheatailts
were correlated with the recently proposed with ER$Z1]- [Electrochemical Science and Technologymfiation
Resource/ elechem.blogspot.com /(http://electrocbena.edu/estir/), which assumes that each positd
electrodes processes occurs under small CE differsanch that linear forms setting a increasing gnaw CE. TP
of the system was also analyzed according to adedimition of TP index derived from mass distrilmmt{Current
distribution)model.

The operating amperes were also found to havefiigni effect on TP. This study showed that effetinter
electrode distance on the rate of metal depositioa cathode can be satisfactorily described theetremd that the

proposed TP index provide a convenient and effedbasis of quantitative and comparative study ofof Bhis
plating system.

Uniform plating thickness or metal distributionusually a desirable property of plating deposiis.lbften desirable
and necessary to provide a quantitative measutieeofiegree of uniformity of metal distribution déetrodeposits
on the cathodic surface. This is very often describy graphical mapping of the current or by thesmdistribution
or the thickness of the metal deposited over thfaese of the cathodic workspace/piece.
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Kardus and Foulke [6] recently reviewed the appilicaof the mass-transfer theory to such probleviegrumyn

and Solovova[5] gave a fairly comprehensive anticafi description of the various experimental methaoased for
such study .The degree of uniformity of the elet¢rdeposit is very much dependent on the currastrlgition and

is often referred to by electroplates as its TPilpde empirical TP index was first proposed by IHgriand

secondly with Blum. This computation of the propbgé® index involves experimental determinationtdf tatio

[Cn/Cf-deposition at near &far cathode] of the amiometal deposited on the electrode .Cathodic sesfalaced at
different distances from anode.

Haring —Blum [1] empirical TP index and the corresg@ing equation is

K-C
TP(%) = x100 (1
(%) =2 @

TP-Throwing Power K -current distribution ratidC -metal distribution ratio=—"
f

C,-Deposit Weight at near cathodg, - Deposit Weight at far cathode
This recent model described the experimental systemhich various processes occur at both elecgode

Then the current distribution model was found teeggood correlation of the experimental data olehinsing
Haring —Blum [1] cell with only one Anode and Onatfiode. The proposed TP index and cell voltagegiged a
convenient basis for comparing the different lamabf systems.

Although the model provides a more meaningful agalistic description of TP of plating and massriistion of
electrodeposits. The experimental method havinglsicathode at a time was found to be very novel time
consuming one. Besides there would also experirhemars due to inevitable difference in the coiadis that are
supposed to be maintained constant between runs.

This paper describes the use of novel electro digposnd plating in which every deposition massoran cathode
is maintained same current density but differestatices from the anode could be simultaneouslyrdated in one
single experimental run. This helps minimize th@erkmental error and also reduce the number of raxeatal

runs required to establish the mass distributiomaggn and to evaluate the TP of the system. Theeréxental
results obtained for Zn deposition system are tegor
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Fig.2. (a) mass of metal deposit in various Adfm- at Direct & InDirect position of Cathode
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Fig.2 (b) Current Efficiency of metal deposit in vaious Adm? —at Direct & InDirect position of Cathode

4. Effect of electrode distance on mass depositioate:

Fig.2. (a)gives a typical plot of mass of metal depositaious amperes of current levels at two differesdifions

of the Anode .The values of TP, CE were studiec fitass rate of deposition was calculated from ¢theelations
and compared with appropriate experimental valseshawn inFig.2 (a) The corresponding values obtained for the
system in the previous study using Haring —Blumdédl]s. This shows significant improvement in tleewracy of
the experimental data obtained with new designdld These result reaffirmed the adequacy of the ehad
describing the mass distribution of the metal déposa cathodic work space/piece.
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Fig.2. (c) TP of Current of metal deposit in varios Adm? — at Direct & InDirect position of Cathode

CE of metal deposition at various position in tled system is plotted pictorially in Fig.2 (b) lage slight variation
is in CE modes. TP of the system was calculatedrdety to equation (1) for various cells currentl dhe values
are plotted in Fig.2(c). This result show that T@eréase with increase in current and the effecebfvoltage were
differ at location. These shows that the resultsiold the two sides were comparable except thedesigned cell
facilitate the experimental procedure consideralolgt also provides more accurate experimental dateofrelation
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as reflected by the difference in the mean valdesatio of calculated to experimental rates of rhelgposition
obtained.

It is important to note that electrodeposition. Endsalvanostatic conditions should be carried oitih waution
especially with a system which exhibit significacell voltage/current effect. A slight change in tBath
characteristic such as resistance could reduceomgiderably.

RESULTS AND DISCUSSION

Typical result of current distribution at the electe for different value when the experimental mgeament presents
one electrode at different location. The experiraemurrent densities show the derivation of lindlaw in
deposition of ions. The distributions are independd total current and close agreement of positbrelectrode
and small difference between experimental pointd e theoretical calculations is observed. Theedrgental
measurements also represent mean value of cugasitg at points of Anode and Cathode.

CONCLUSION

A close agreement for primary current distributioall voltage and CE were obtained for a novel mig. (1)]
electrochemical cell. Observing CE produce unevereat distribution in this system .The currentrilsitions are
more pronounced for position of electrodes anddnglalues of parameters, which characterize thengay of the
system.
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