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KEYWORDS

The most important effects of additives, such asthe grain refinement of the
deposit, polarization of the cathode, incorporation of additives in the de-
posit, the change of the orientation of crystals and the synergism of addi-
tives are presented.

Current efficiency of steel deposition ranged from 6.45% to 41.94% %de-
pending on the operating conditionswhile energy consumption ranged from
3.66 kJ mol to 11.66 kJ mol-* depending on the operating conditions. The
mechanism of action of different amides has been discussed. Possible appli-
cation of the present results in different electrometallurgical processesin-
volving steel deposition such as electrowining, recovery of steel from waste
solutions, electroforming, electrofining and electroplating was noted.

The present work is concerned with studying the effect of some new ali-
phatic and aromatic amides as additives with the effect of other parameters
such as current density, temperature on the rate of electrodeposition, and

Limiting current;
Steel;
Thermodynamic parameters,
Electrodeposition;
Acceleration.

energy consumption.

INTRODUCTION

Electrodeposition processisknownto bediffusion
controlled reaction whoserate may be affected by or-
ganic additives. The processinvolvesmeta deposition
from an e ectrolyte onto aconduction € ectrode by ap-
plication of an e ectromotiveforce.

Copper isan intermediate metal™, which hasme-
dium exchange current densities (103 to 10-8Acm?)
and depositsat medium polarization. It depositsinvery
rough or powdery form when e ectrodepositioniscar-
ried out at in at thelimiting current by means density,
whichisthe casefor many metals. The possibility of
preventing suchapowder formation a thelimiting cur-
rent by meansof suitable additiveisof great interest
and representsasignificant activity in dectroplating?.

© 2014 Trade Sciencelnc. - INDIA

An addition agent isdefined® asany materid, which
isadded to an el ectropl ating bath for the specific pur-
pose of modifying the physical properties of the de-
posit. Relatively large effect on the physical properties
of deposits such as brightness, smoothness, hardness
and ductility. M ost addition agents are organic*® com-
pounds but occasiondly inorgani d® materidsareem-
ployed.

Thegoa of the present work isto study the effect
of medium composition on the e ectrodeposition pro-
cessof stedl from acidified solutionsof copper sulfate.
The effect of amide additivesin combination withthe
effect of other parameters such astemperature, current
density on the quality of the electrodeposit such as
brightnessandrate of sted depositionexpressedinterms
of the current efficiency hasbeen studiedinthe present
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work. To assist in theeconomic eva uation of the present
additives, their effect on e ectrical energy consumedin
stedl deposition wasstudied. Thermodynamic param-
eters of the deposits formed on the cathode surface
have also been discussed to shed more lights on the
mechanism of the el ectrodeposition process.

EXPERIMENTAL

Theelectrolytic cel and eectrical circuit

Vertical parallel platescell

Thelimiting current dengty wasmeasured usngthe
ordinary cell of two vertical parallel plates, oneisthe
cathode (a99.99% purity rectangular copper plate or
analytical highly pure sted plate, 5cmwidth and 10cm
height) and the other oneisthe anode (99.99% purity
copper withsmilar dimensionsasthe cathode).

Thecedll consistsof arectangular plastic container
(5.1* 5* 10cm) with electrodesfitting thewhol e cross
section area. Theinter electrode distance was4 cm.
Theédectrica circuit consstsof 6V d.c. power supply
connected in serieswith thecell and multi-rangedigitd
ammeter. A luggin probeis placed whereitstipisabout
1 mm apart from the bottom onethird of the cathode
surface. A copper reference electrodeisplaced inthe
cup of theluggin probe. A multi-range potentiometer is
connected in parallel withthereferenceelectrodeand
the cathode.

At thebeginning, € ectrodesweremechanicaly pol-
ished with different grades of silicon carbide papers
(120,800,1200) and washed with distilled water and
degreased by acetone. The backs of the cathode and
the anode were coated with Locamit. Polarization
curves, fromwhich smal amountsof addition agent have
thelimiting current was determined, were constructed
by increasing the current stepwi se and measuring the
steady state cathode potentid againgt thereferencee ec-
trode.

Therotating cylinder electrode (RCE)
Thevoltmeter isconnectedin paralld withthe cell
to measureitsvoltage. The cathode consisted of Cu
metd cylinder 1 cmdiameter and 7 cmlength. Thedisk
isinsulated by epoxy resin. Theanodeismadeof cylin-
drical copper metal counter electrode of 12 cm diam-
eter; it’s also acted as the reference electrode by virtue

of itshigh surface areacompared to that of cathode.
Organicadditives

Andar grade Compound | benzamide, Compound
[l urea, Compound Il formamide, Compo
propionamide, und IV acetamide, Compound V
dimethylformamide, Compound VI and ethylenediamine
tetra acetic acid (disodium salt) supplied by BDH
ChemicalsLtd., wereused asorganic additives.

RESULTSAND DISCUSSION

Potentiodynamic cathodic polarization curves

The cathodic polarization curvefor copper el ec-
trodeposition from sul phate solution under theinfluence
of adding increasing concentrationsof Compound . It
isobviousthat inthe organic freesolution, the current,
at fird, increaseslinearly, then tendsto exhibit limiting
current plateau with increasesin the cathodic potentid.
Itisgenerally accepted that e ectrodeposition of Cu?*
ionstakes placethrough two steps”;

Cu**+e ==—2= Cu* Slowstep
Cut+e =g—=> Cu Faststep

It was assumed that the first step in this process
occurred dowly and theratewas controlled by the equi-
librium between Cu** and Cu* at the éectrode surface.
However, addition of organic additivesto the sulphate
solution increases the cathodic polarization and de-
creasesthevaue of limiting current density. The ob-
served changesin the cathodic polarizationin the pres-
enceof organicadditivesuggest that it may beactingas
an accelerator, whichis confirmed by the observation
that at any given overpotentia, the current density for
copper deposition from sol utions containing organic
additiveishigher than that found for the corresponding
organic free solution. Thisacceleration of therate of
thereactioninthe presence of organicadditiveonthe
copper el ectroplating reaction may be dueto thefor-
mation of NH* ionin acidic medium in case of which
repel with Cu** i.e. the mobility of ionsincrease and
rate of reactionincreasd®

Therefore, the current plateau increaseswithin-
creasing organi c concentration as predicted dueto the
increasingin Cu?* ionsmohility.

Inmoderndectroplating practice, itiswell known
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that theaddition of even smal amountsof certain addi-
tivesinthe plating bath leadsto significant changesin
the properties and aspect of the deposit. Recent re-
viewshavetriedto summarizether different effectd®4.
Vauesof limiting current for all solutionsusing copper
cathode and in another case using steel cathode are
giveninTABLES 1. Noticeably, thelimiting currentin-
creaseswith increasing organic Amide derivative con-
centration.

Polarization curvesused to determinetheva ues of
thelimiting current in absence and in presence of Com-
pound | when copper cathode was used.

Thelimiting current density i, obtained from polar-
ization curveswas used to cal cul ate the masstransfer
coefficient, k from the equation:
k=i/zFC, )
Where z: number of dectronsinvolvedinthereaction;
F. Faraday constant; C_ bulk concentration of copper

—= Fyll Poper
sulphate (mol |2).
Effect of organicadditiveson thelimiting current

If (1), iSthe limiting current in absence of or-
ganicadditiveand (] I)org inpresenceof organic additive
then isthe percentage accel eration can be cal culated
according to equation (2), where

(1 )erg (1)) i

Figures 1-3and TABLE 2 show that the percent-
ageacod eration caused by organic additivesrangesfrom
6.45%1t041.94% for cell using steel cathode.

Thepercentage of accd erationwas ca culated from
equation (2) depending on the concentration and type
of organic additiveaswell asanodeand cathode. Itis
observablethat percentage acceleration increased as
concentration increased.

The order of acceleration in case of Cu-Sisas

% Acceleration = %100 )

TABLE 1: Limitingcurrent (mA) and masstransfer coefficient (cm sec?) for different organic additives.

Organic additive Cx10°Mol I*  I;mA  kx10°cmsec® Organic additive Cx10°Mol I* I|mA  kx10*cm sec™
0.956 310 4.28
1.912 320 4.42
Blank 0 300 4.15 Compound 1V 2868 330 4.56
4.78 365 5.04
6.692 380 5.25
9.56 400 5.53
3 330 4.56 1.38 320 4.42
6 350 4.84 2.76 330 4.56
Compound | 360 497 Compound V 414 350 4.84
15 380 5.25 6.9 370 511
21 400 5.53 9.66 380 5.25
30 420 5.80 13.8 390 5.39
2.038 320 4.42 1 315 4.35
4.076 330 4.56 2 340 4.70
6.114 350 4.84 3 360 4.97
Compound 11 Compound VI
10.19 370 511 5 375 5.18
14.27 390 5.39 7 385 5.32
20.38 410 5.66 10 400 5.53
1.289 315 4.35 0.505 330 4.56
2.579 325 4.49 1.01 340 470
Compound 111 3.867 335 4.63 EDTA 1.515 350 4.84
6.445 370 511 2.525 360 497
9.023 390 5.39 3.535 380 5.25
12.89 410 5.66 5.05 400 5.53
—==mm>  [norganic CHEMISTRY
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follow:
EDTA>dmethyiformamide>propionamide>acgtamide

formamide> urea> benzamide.

The obtained results showed that the presence of
organic additives has an accel erating effect on theki-
netics of the copper discharge process, pointed out by
theincreaseof thelimiting current. The observed en-
hancement intherate of Cu depositionin presence of
increasing concentration of organic additivesmay be
dueto:

(A) Thoseadditivesact ascarriersof (Cu?*) andledto
increasethemobility of (Cu?*), thereforethe mass
trandfer coefficient will increaseand therate of eec-
trodepositionincreases.

(B) The presence of organic additive changes the
mechanism of the copper el ectrodeposition asit
can be seen from increasing the cathodic mass
transfer coefficient. A possibleexplanationfor this
fact consistsintheincreasing roleof an additional

reaction that producesthe same chemical species
(Cu*) asthoseinvolvedintherate determining re-
action*

Effect of temperatureon thereaction

The electrodeposition of copper and stedl in pres-
ence of different additiveswas studied by measuring
thelimiting current over thetemperatureranges between
(25-40°C). TABLES 3 show thelimiting current ob-
tained inthe presence of organic additivesat different
temperatures. Theresultsindicatethat therate of elec-
troplating increaseswith increasing the temperature.

Thevauesof | obtained at different temperatures
permitsthe cal culation of activation energy E, accord-
ingtoArrheniusequation:
logl =logA-E,_/2.303RT 3
whereA isapre-exponential factor, Ristheuniver-
sal gasconstant and T isthe absolute temperature.
The activation energy of the processisan important

TABLE 2: Relation between per centageacceler ation and concentration (mol 1) at 30°C.

Organic additive Cx10°Mol I'* I;mA % Acceleration Organic additive Cx10°Mol I |;mA % Acceleration

0.956 330 6.45
1.912 335 8.06
2.868 350 12.90

Blank 310 Compound 1V
4.78 360 16.13
6.692 380 22.58
9.56 400 29.03
3 350 12.90 1.38 340 9.68
6 360 16.13 2.76 350 12.90
380 22.58 4.14 360 16.13

Compound | Compound V
15 400 29.03 6.9 380 22.58
21 420 35.48 9.66 395 27.42
30 440 41.94 13.8 410 32.26
2.038 340 9.68 1 335 8.06
4.076 350 12.90 2 345 11.29
6.114 360 16.13 3 365 17.74

Compound 11 Compound VI
10.19 385 24.19 5 375 20.97
14.27 410 32.26 7 390 25.81
20.38 415 33.87 10 405 30.65
1.289 330 6.45 0.505 350 12.90
2.579 340 9.68 1.01 360 16.13
3.867 350 12.90 1515 370 19.35

Compound 111 EDTA

6.445 370 19.35 2.525 380 22.58
9.023 380 22.58 3.535 395 27.42
12.89 400 29.03 5.05 405 30.65
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Figure 3: Therelation between percentage acceleration and concentration (mol I2) of organic additives at different

temper atures(°C).

parameter for determining therate controlling step. If
therate controlling stepisthediffusion of speciesinthe
boundary |layer then E_ isgenerdly < 28kJ/mol, while
E, values usually > 43 k Jmol* when adsorption of
specieson the reaction surface and subsequent chemi-
cal reactiontakesplace.

FromTABLE 3, itisobviousthat thevauesof E,
arelower than 28 KImol %; characterizing diffusion pro-
cessesare controlling thereaction.

Thermodynamictreatment of thereaction.

Theenthal py of activation A H*, entropy of theac-
tivation A S* and freeenergy of activation A G*, can
be obtained by using thefollowing equations:

AH*=E_—RT (4)
AS* =InA-In (B T e/h) )
AG*= AH*-TAS* (6)

where B is the Boltzman constant, e = 2.7183, h is
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TABLE 3: Thelimiting current (mA) obtainedinthepress TABLE 4: Thethermodynamic parameter sfor thesolutionin
ence of organic additivesat different temperatures(°C).

thepresenceof different concentrationsof organicadditive.

*

cx10° Temp.°C
Mol It 25 30 35 40
Compound |
3 330 350 380 390
6 340 360 390 400
9 360 380 410 420
15 380 400 440 450
21 400 420 450 460
30 420 440 460 480
Compound 11
2.038 325 340 370 390
4.076 335 350 380 395
6.114 350 360 390 405
10.19 365 385 410 420
14.27 380 410 425 435
20.38 395 415 445 460
Compound 111
1.289 315 330 365 385
2.579 325 340 375 390
3.867 335 350 380 395
6.445 350 370 400 410
9.023 365 380 410 420
12.89 385 400 430 440
Compound 1V
0.956 315 330 365 380
1912 320 335 370 385
2.868 330 350 375 390
4.78 345 360 390 410
6.692 365 380 410 420
9.56 380 400 430 440
Compound V
1.38 325 340 365 380
2.76 335 350 380 390
414 345 360 395 410
6.9 365 380 410 420
9.66 380 395 425 435
13.8 390 410 435 450
Compound VI
1 315 335 375 390
2 330 345 385 400
3 350 365 400 410
5 360 375 410 425
7 375 390 425 435
10 390 405 440 450
EDTA
0.505 330 350 380 390
101 345 360 390 405
1515 355 370 400 410
2.525 365 380 410 420
3.535 380 395 425 435
5.05 390 405 435 450

Cx10° E, AH -AS AG
mol I kdmol*  kIJma™ Jmol™K"' kJmoal*
Compound |
3 10.24+0.60 7.76+0.60 170.66+1.97 58.65+1.19
6 9.70+0.57 7.23+0.57 171.97+1.86 58.50+ 1.12
9 9.46+0.556 6.98+0.55 172.56+1.82 58.43+1.09
15 9.00+ 1.31 6.52+1.31 173.56+4.28 58.27+2.58
21 7.60+094 5.12+094 177.89+3.07 58.16+ 1.85
30 594+ 0.59 3.46+0.59 183.04+1.95 58.03+1.18
Compound 1
2.038 10.53+0.62 8.05+0.62 169.95+2.03 58.72+1.22
4076 9.66+ 0.83 7.18+0.83 172.59+2.73 58.64+1.65
6.114 7.46+1.17 4.98+1.17 179.53+3.83 58.51+2.31
10.19 6.89+0.75 4.41+0.75 180.93+2.45 58.36+1.48
14.27 5.66+0.59 3.18+0.59 184.59+1.95 58.21+1.18
20.38 5.89+0.32 3.42+0.32 183.39+1.05 58.09+0.63
Compound 111
1.289 10.91*1.15 8.43+1.15 168.86+3.77 58.78+2.28
2579 10.02+1.23 7.54+1.23 171.58+4.01 58.69+2.42
3.867 896+090 6.48t0.90 174.87+2.95 58.61+1.78
6.445 5.98+1.59 350+1.59 184.11+5.20 58.39+3.14
9.023 3.84+0.01 1.36+0.01 190.74+0.03 58.23+0.02
12.89 3.66+0.01 1.18+0.01 190.93+0.04 58.10+0.02
Compound 1V
0.956 11.66+0.95 9.18+0.94 166.43+3.10 58.80+1.87
1912 10.76+1.14 8.27+1.13 169.25+3.72 58.74+2.25
2.868 10.46+1.47 7.98+1.47 170.03+4.82 58.68+2.91
478 5.82+0.52 3.34+0.51 184.67+1.69 58.39+1.02
6.692 5.44+0.55 2.96+0.55 185.61+1.79 58.30+1.08
956 3.74+0.01 1.27+0.01 190.84+0.04 58.17+0.02
Compound V
138 11.19+2.06 8.71+2.06 167.82+6.76 58.75+4.08
276 10.64+2.44 8.16+2.44 169.19+7.98 58.61+4.82
414 931+2.00 6.83+2.00 173.11+6.54 58.44+3.95
6.9 847£1.70 5.99+1.70 175.47+5.56 58.31+3.36
9.66 826+1.26 5.78+1.26 176.02+4.14 58.26+2.50
13.8 8.26+1.26 5.78+1.26 176.02+4.14 58.26+2.50
Compound VI
1  11.27+0.64 8.79+0.64 167.56+2.10 58.75+1.26
2 8.83+1.12 6.35+1.12 175.22+3.68 58.59+2.22
3 6.86+0.69 4.38+0.69 181.32+2.28 58.44+1.37
5 6.61+0.67 4.13+0.67 181.84+2.20 58.34+1.33
7 6.26+0.31 3.78+0.31 182.75+1.01 58.26+0.61
10 6.22+0.63 3.74+0.62 182.49+2.05 58.15+1.24
EDTA
0.505 10.65+1.96 8.17+1.96 169.23+6.43 58.62+3.88
1.01 9.40+£0.81 6.92+0.81 173.21+2.65 58.57+1.60
1515 8.39+0.55 5.92+0.55 176.34+1.81 58.49+1.09
2525 7.98£0.05 5.50+0.05 177.52+0.15 58.42+0.09
3535 6.14+0.54 3.66+0.54 183.20+1.78 58.28+1.07
505 481+0.64 233+0.63 187.32+2.08 58.18+1.25
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Plank constant and other symbolshavethe definition
mentioned above. Theva uesfor gradient and intercept
are obtained by using the least square method.

Resultsare applied usng asmplemicroprocessor
program and appliedto all theindividual valuesof the
rate. TABLE 4 givethe vaues of thermodynamic pa-
rameters.

Althoughthechangeinfreeenergy of theactivation
AG* with the studied organi c additives concentrations
usedisonly small asshownin TABLE 4 and variations
occur intheentha py of activation AH* and the entropy
of the activation AS* with the organic additives con-
centrationswhere, inall cases AH* and AS* compen-
sate each other to producelittle changein AG*. Itis
noticed that al thevauesof AS* arehighly negative,
indicatingamoreordered system and non-random dis-
tribution of iong¢18.,

Effect of rotation

The present results agree with the polarographic
studies ®%® conducted i n sol utions containing organic
additiveswhereit wasfound that the diffusion current
increasesin the presence of organic additives.

Conventiona RCE systemisdesigned sothat the
inner cylinder rotatesand createsaturbulent flow inthe
fiddd. When theinner cylinder isrotated dowly, alami-
nar flow pattern can bemaintained, however, inlaminar
flow fluid movesin circular pattern about theaxiswith
no radical component. Thus, thereisno convectionin
theradicd direction, and no enhancement of masstrans-
port dueto fluid flow. Consegquently, an RCE israrely
operated inthelaminar flow regimein e ectrochemical
studies. Eisenberg et d'® correlated their datafor the
conditions 10°< Re< 10°. Figures4 show therelation
betweenrpmand |,

oa(l)" )
Itisfound that thelimiting current increaseswith
increasing rpm. Thismay beattributed to break down
ahydrodynamic boundary layer and diffusionlayer are
formed. Thehigher rpm, the higher solution flow and
thinner thediffusionlayer; thusgiving ahigher rate of
transfer of copper ionsto themeta surfaceand, at the
sametime, through the porousdeposit layer formed on
themeta which, inturn, enhancestherate of deposit.
The effect of the speed of rotation on the rate of
meta deposition can d so beused to determinewhether

= Fuyl] Paper

theée ectrodeposition processisdiffusonor chemicdly
controlled process. If therate of depositionincreases
by increasing the speed of rotation, thenthereactionis
diffusion controlled. However, if therate of deposition
isindependent of rotation, sothereactionislikely tobe
chemically controlled. Theangular velocity o isgiven
by:
o =2 rpm)/ 60 (8)
TABLES5and Figure4 givetherelation between
thelimiting current and theangular velocity, o, tothe
power 0.7 at different concentrations of organic addi-
tiveat 25 C°. Straight lineswere obtained and thelim-
iting current increases by increasing therotation which
indi catesthat el ectrodeposition reaction of copper is
diffusion controlled reaction.

Datacorreation

To obtainan over dl masstransfer correlation un-
der the present conditionswherearotating cylinder is
used themethod of dimensiona analysiswasused. To
identify thevariableswhich affect therate of masstrans-
ferinthed ectropl ating reection, themechanism of forced
convection masstransfer should berecaledfirst. Forced
convection takes placeasaresult of cylinder rotation.
Thethickness of this hydrodynamic boundary layer
determinesthethicknessof thediffusion layer across
which diffusion of Cu™ fromthe bulk solutionto sur-
face of sed takesplace. Thethicknessof the hydrody-
namic boundary layer at therotating cylinder and the
diffusion layer are determined by the physical proper-
tiesof the solution, the geometry of the system (cylin-
der diameter) and cylinder rotation speed. Thispicture
leadsto the equation:

k=f(p,n,D,U,d) ©

Wherek = masstransfer coefficient, cmsec?; p=is
dengity of bulk, g cm®; n=is viscosity of bulk, cm? sec?;
D =diffusion coefficient, cm? sect; U= cylinder linear
velocity (U = o r); = angular velocity; d = diameter
of cylinder, cm.

Figure5givestheoverdl correlaionfor al organic
additiveswhich correl atesby the equation:

log Sh/(Sc)**#=loga+blogRe (10
The exponentsin TABLE 6 denoteahighly turbu-

lent flow, which agree with the previous masstransfer
study inagueous media.
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TABLE5: Theeffect of the speed of rotation on thelimiting current for different concentrationsof or ganic additives.

0.7

rpm o I Ccx10° 0.956 2.868 4.78 6.692 9.56
125 6.05 340 125 6.05 330 340 360 400 410
250 9.83 380 250 9.83 360 380 400 430 460
375 13.05 400 375 13.05 410 420 440 480 500
Blank Compound 1V
500 15.96 480 500 15.96 450 480 500 540 580
700 20.20 560 700 20.20 520 580 600 620 640
900 24.09 600 900 24.09 620 640 660 680 700
Cx10° 3 9 15 21 30 Cx10° 1.38 414 69 9.66 138
125 6.05 360 380 400 420 440 125 6.05 320 330 340 360 380
250 9.83 400 420 440 460 500 250 9.83 340 360 380 410 440
375 13.05 460 480 500 520 570 375 13.05 380 400 420 440 480
Compound | Compound V
500 15.96 500 520 540 560 620 500 15.96 430 460 480 520 560
700 20.20 580 600 620 640 660 700 20.20 500 560 580 600 620
900 24.09 620 640 660 680 710 900 24.09 600 620 640 660 680
Ccx10° 2.038 6.114 10.19 14.26 2038  Cx10° 1 3 5 7 10
125 6.05 350 370 400 410 435 125 6.05 315 325 335 350 370
250 9.83 390 410 430 470 500 250 9.83 330 350 360 390 420
Compound 1 375 13.05 450 480 500 510 530 Compound Vi 375 13.05 360 380 400 420 460
500 1596 500 520 560 600 625 500 15.96 400 440 460 500 520
700 20.20 560 600 620 640 660 700 20.20 460 520 560 580 600
900 24.09 620 640 680 700 710 900 24.09 580 600 620 640 660
Cx10° 1.289 3.867 6.447 9.023 12.89 Cx10° 0.505 1.515 2.525 3.535 5.05
125 6.05 340 360 380 410 430 125 6.05 310 315 325 340 360
250 9.83 380 400 420 450 480 250 9.83 320 330 340 370 400
Compound 11 375 13.05 430 460 480 520 530 EDTA 375 13.05 340 360 380 400 440
500 15.96 480 500 520 580 610 500 15.96 380 420 440 480 500
700 20.20 560 600 620 640 650 700 20.20 440 500 540 560 580
900 24.09 640 660 680 690 700 900 24.09 540 560 580 600 620
S Blank
— 500
400 - <>
300 T T
1.000 2.000 3.000 4.000 5.000 6.000
mﬂ,‘?
Compound| Cx10?
350 -
750 4 * 3
650 - =
— 15
550 - .
450 - % 30
350
6.049 9.827 13.052 15.964 20.204 24.090
wo‘r

Figure4: Therelation between limiting current (mA) and angular velocity (rad. sec?) for different additives.
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TABLE 6: Theequation of Sh, Sc, Reand theaveragedeviation
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Organic additive

Steel Cylinder

Compound |
Compound 11
Compound 111
Compound 1V
Compound V
Compound VI
EDTA

Sh =0.088 Re™™8 Sc®#With an average deviation : + 0.064%
Sh =0.09 Re”"" Sc®*With an average deviation : + 0.072 %

Sh =0.09 Re **® 5c%33 With an average deviation : + 0.089 %
Sh =0.092 Re *™ Sc®3With an average deviation : £ 0.11 %
Sh=0.092 Re *** Sc®*With an average deviation : + 0.12%

Sh = 0.092 Re®® sc3# With an average deviation : + 0.142 %
Sh =0.091 Re®"® 5c3With an average deviation : + 0.148 %

Compound|
2.4 -
= 22
=
=
2 2
(-]
-3
= 1.8 1
1.8 v - T T r +
37 3.9 4.1 4.3 4.5 4.7 4.9
log Re
Compound||
24
mw 22
z
4
& <]
g
= 1.8
1.6 = T T v T 3
3.7 39 41 4.3 4.5 a7 4.9
log Re
Compound |11
24
- -
] < =
3
= 24
w
Le ]
o
- 18 4
18 e . ’ . . .
3.7 39 41 432 45 47 49
leg Re
Compound 1V
2.4 4

log Shi(Sc*0.33)

Cx10®

Cx10®

* 2038
m 4078
g114
10.19
* 10.19
» 20.38

Cx10?

* 0.956
. 1.912

2.868
® 478
* 65.692
+9.56

39 4.1 4.3 45 47 4.9
log Re
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CompoundV
2.4 4 Cx10°
+1.38
5 2.2 =276
[1)
= 2 414
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k-3 1.8 ¥ 9.86
- 13.8
1.8 e . : . . . ;
3.7 3.9 4.1 4.3 4.5 47 4.9
log Re
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8 5> -1
- "
1] m 2z
e 2
= 3
w
2 1.8 1 5
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37 3.9 4.1 43 as a7 210
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Figure5: Therdation between log Sh/Sc®® and log Refor different concentrations(mol %) of organic additivesat 25°C.

Inour present study, aforced convection mecha-
nism@jsobtai ned which agreevery well withtherela-
tionship:

Sh = 0.0791 Re?7 Sco%6 (11)

Given by Eisenberg et al® for masstransfer toa
rotating cylinder inturbulent flow system.

Also, our resultsagree excellently with:

Sh = 1.581 ReP™ S0 % (12)
given by Nasser et a. 12 for masstransfer during ce-
mentation usingrotating cylinder in anagueousmedium
aswell aswith theequation given by Ahmed et a3 for
masstransfer during copper cementation from a cohalic
water mixturesusing roteting cylinder inturbulent sys-
tem.

Sh = 0.061 Re 2832 Sc03 (13)

given by Ahmed et d? for masstransfer during cop-
per cementation from alcoholic water mixturesusing

rotating cylinder in turbulent system.
CONCLUSION

1. Byincreasing thetemperature, the deposition rate
increasesand thuscurrent efficiency (CE) increases
and energy consumption (EC) decreases.

2. Also, by increasing the applied current density, the
rate of depositionincreasesand CE increasesby a
small amount. It seemsthat increasing the CE, the
rate of nucleation becomeshigher than that of crys-
tal growth ; accordingly afine depositisobtained at
high current density.

3. Amidesplay animportant rolein thedeposition pro-
cessof sted from aWait bath; asmall concentration
of theseamides can act as brightenersfor the stedl
deposit not only becomes bright but it al socompact
and adherent. The presence of amideswasfound to

Tnorganic CHEMISTRY
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increasethe current efficiency and decrease energy
consumption.
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