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ABSTRACT

Therate of electrodeposition of copper plateswas determined by measur-
ing cathodic limiting current in absence and in presence of carbohydrates
as(Glucose, fructose, mannose, sucrose, lactose and maltose). It isfound
that the rate of electrodeposition decreases in presence of organic addi-
tives by amount ranged from 1.89% to 35.85% depends on the types of
additives and their concentrations. The investigated adsorption isotherm
indicates that the inhibition fits to the Langmuir adsorption isotherm and
Flory -Hugginsadsorption isotherm. It isfound that the rate of electrodepo-
sition decreases by increasing height and CuSo, concentrations. Thermo-
dynamic parameters are given and show that electrodeposition processis
diffusion controlled. The rate of deposition and its equations are repre-
sented as. Sh=9.784 Re>*7 Sc2 for Glucose with an average deviation:
+0.0119%, Sh=9.790 Re>®17 Sc®3 for Fructosewith an average deviation:
+0.0226%, Sh=9.786 ReP* Sc % for Mannose with an average deviation:
+0.0621%, Sh=9.790 Re>%16 Sc03 for Sucrose with an average deviation:;
+0.0234%, Sh=9.790 Re*16 Sc033 for Lactose with an average deviation:;
+0.0075%, Sh=9.799 Re"5016 Sc3 for Maltose with an average deviation:;
+0.0126% © 2007 Trade Science Inc. - INDIA
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INTRODUCTION

Metalsaredeposited in avery rough or powdery
form, whenthedectrolysisiscarried out at limiting cur-
rent. Thisseemsto bearather generd rulé¥ inthe case
of copper.

Thepossbility preventing powder formation at the
limiting current by meansof suitable additivesisof in-
terest ectroplating® and dectrometalurgy in general.

Someorgani c substancesare used asadditivesinelec-
troplating, e ectrowinning and dectroformingtoimprove
thequdity of dectrodeposit, snceproducefinegrained
smooth bright deposit. Although the exact mechanism
by which, the organic compound or surface active
substance(SAS) added to improve the quality of the
electrodeposit isnot known, thereisaconsensusthat
adsorption of those substancesonthemetd isinvolved,
where adsorption of those organic compoundson the
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cathode surface may block a part of the active elec-
trode areaand thereforereduce thelimiting current.

In modern electrodeposition practice, it is well
known that the addition of even small amountsof cer-
tain substances|eadsto s gnificant changesin the prop-
ertiesand aspect of the deposit. Recent reviews have
triedto summarizether different effects. Levelershave
theability to produce depositsrelatively thick insmall
recesses and relatively thinon small prolusions. They
act by adsorption at pointswhere otherwisetherewould
be arapid deposition of the metal 8.

Previousstudieshave shown that SASreduced the
limiting current of uranium®® and manganesg'” deposit
from phosphoric acid and mercury cathode.

Theobject of thiswork isto study the effect of car-
bohydratesas(Glucose, fructose, mannose, sucrose, lac-
toseand maltose) ontherate of electrodeposition. The
effectsof temperatureswered so studied.

EXPERIMENTAL

Chemicals

Andar grade CuSO,-5H,0 and H,SO,(98%w/w),
supplied by BDH ChemicalsLtd., wereused for the
preparation of theel ectrolytes. Anaar grade(Glucose,
fructose, mannose, sucrose, lactose and maltose.) sup-
plied by BDH chemicalsltd., were used asorganic ad-
ditives.

Céel and dectrical circuit
Usingrectangular eectrodefigurel(a)

Thecdl cons sted of arectangular plastic container
(5.1x5x10cm) with electrodesfitting thewhol e cross
section area. The cathodewasrectangular copper sheet
(20cm height and was 5cm width); theanode was cop-
per sheet with an inter-electrode distance was 5¢cm.
Thedectrica circuit consistsof (6V D.C). Power sup-
ply connected in serieswith cell along and rheostat
and(multi-rangedigital ameter). A voltameter iscon-
nected in parallel with the cell to measurethevoltage.

Usingrotating electrodefigure 1(b)

The cathode consisted of copper metal cylinder
(1cm) diameter and 10cm length. Theunexposed area
of the cylinder was covered by epoxy resin. Theanode
ismade of cylindrical copper meta counter €l ectrode
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of 12cmdiameter; it’sacted asthereference e ectrode
by virtue of its high surface areacompared to that of
cathode.

M easur ement

Glvanodtatic polarizationcurves, fromwhichthelim-
iting current was determined, were constructed by in-
creasing the current stepwisethrough diding therheo-
stat handletowards alower resistance and measuring
the steady state cathode potentia against copper refer-
ences el ectrode. The copper references el ectrodewas
1cm? copper sheet, which havethe same composition
of thecathodemateria, placed inthecup of luggintube
whosetip wasplaced at about 1mm far from the cath-
ode surface. To avoid any erroneous readings of the
voltage, thevauesof thelimiting current weretaken at
congtant va ueof thepotentid.

| Potentiometer
Feference T

Electrode Lt [

. |— S

& Volts D.C
Power supply

Figurel(a): Theelectriccell and circuit.
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Multirangs
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Rheostat Power supply
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elzctrode :
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Figurel(b): Therotating cylinder electr ode(RCE)
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Figure?2: Effect of different concentration of glucoseon
limiting current at 298K in caseof Cu-Cu
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Figure3: Theeffect of different heightson thelimiting
Current density at 298k
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At thebeginning, the bake of the cathode and anode
were coated with epoxy resin except at contact withthe
feed wires, dectrodetrestment beforeeach runwassmi-
lar tothat previoudly reportedinliteraturg*2,

RESULTSAND DISCUSSION

TABLE 1 andfigure 2 show the cathodic polariza-
tion curvefor copper electrodeposition from sulphate
solution under theinfluence of adding different amounts
of glucose. Itisobviousthat intheorganicfreesolution,
thecurrent, firstincreaseslinearly, thentendsto exhibit
limiting current plateau withincreasing the cathodic po-
tentid.

Effect of electrode height on thelimiting current

shows the effect of the electrode height on the
limiting current. Thelimiting current density decreases
withincreasethe height. In € ectrodeposition and gen-
erdly for cathodic deposition of metals, thedirection of
flow of the hydrodynamic boundary layer isdownwards,
thethickness of the hydrodynamic boundary layer and
thediffusionlayer increasesinthedownward direction,
i.e., the resistance to mass transfer increases in the

—= Pyl Peper

TABLE 1: Limiting current of different organic compounds
(mA) at different temperatures

Organic Cx10*

1 25°C 30°C 35°C  40°C
compounds  moaol. |
0.000 190 265 300 330
5500 185 260 295 325
11.00 175 250 280 320
1. Glucose 21.70 160 240 265 270
3230 140 230 250 255
4270 130 225 235 240
5290 130 215 220 225
0000 190 265 300 330
5500 190 230 265 300
11.00 185 225 260 290
2. Fructose 21.70 180 200 250 280
32.30 170 190 245 250
42.70 165 180 235 245
52.90 155 175 210 230
0000 190 265 300 330
5500 190 250 290 310
11.00 185 240 285 295
3. Mannose 21.70 185 225 260 275
3230 175 220 250 260
4270 170 215 230 240
5290 160 210 220 230
0.000 190 265 300 330
2.900 185 255 295 320
5.700 185 240 280 300
4. Sucrose 11.40 180 230 275 285
1700 170 225 265 270
2240 160 215 260 265
27.80 145 205 240 245
0000 190 265 300 330
8720 185 250 280 290
1737 180 240 265 270
5. Lactose 3439 175 220 240 260
51.09 170 205 230 250
67.47 170 190 215 240
8354 165 170 210 220
0.000 190 265 300 330
2.900 190 255 290 320
5.700 185 245 280 310
6. Maltose 1140 185 240 275 290
1700 180 215 260 270
2240 175 210 245 255
2780 170 200 230 250

downward direction, accordingly, theloca limiting den-
Sty increasesintheupward direction of theanode. This
explainswhy el ectrodeposition attained at the upper
partsof thee ectrode beforethelower partsat thelim-
iting current region. Thiswas confirmed by visua ob-
servation during e ectrodeposition. Theaveragelimit-
ing current density decreaseswith theincreasein the
hel ght according to the equation:
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Figure4: Theeffect of different concentration of CuSO,

on thelimiting current at 303K

TABLE 2: Effect of or ganic compoundson the% inhibtion of
limiting current at 303K
Copper anode(I)) blank=265

Orgnicoompaunds Cx10°moal. 17 (I) orq. % Inhibition
1. Glucose 5.500 260 1.886
11.00 250 5.660
21.78 240 9.433
32.36 230 13.21
42.73 225 15.09
52.91 215 18.87
2. Fructose 5.500 230 13.21
11.00 225 15.09
21.78 200 24.53
32.36 190 28.30
42.73 180 32.08
52.91 175 33.96
3. Mannose 11.00 250 5.660
22.00 240 9.433
43.57 225 15.09
64.72 220 16.98
85.47 215 18.87
105.8 210 20.76
4. Sucrose 2.90 255 3.773
5.70 240 9.433
11.4 230 13.21
17.0 225 15.09
22.4 215 18.87
27.8 205 22.64
5. Lactose 8.720 250 5.660
17.37 240 9.434
34.39 220 16.98
51.09 205 22.64
67.47 190 28.30
83.54 170 35.85
6. Maltose 2.900 255 3.774
5.700 245 7.547
11.40 240 9.434
17.00 215 18.87
22.40 210 20.76
27.80 200 24.53
I:C/h 0.3+0.01 (1)

Where C is constant, h is the height and( 1) is the limiting
current density.

Effect of concentration of CuSO,on thelimiting
current

& Glucoss
+ Fructose

Cu-Cu

40 * Sucrose
as = m | acto=sc
a0

20 —

10 s

Inhibition

Cx10*(mol.I*)
Figure5: Theréation between % Inhibition and concen-
tration for different or ganic compoundsat 303

Figure4 givesthe effect of copper sulphate con-
centration on thelimiting current. Itisobviousthat |
Increases as copper sulphate concentration increases.
Increasing the CuSO, content inthe bath decreasesthe
cathodic polarization andincreasesthelimiting current
plateau. Theseresultswere expected dueto anincrease
intherdativeabundance of the uncomplexed Cu?* ions
in the solution*314,

Effect of organic substanceon thelimiting current

Thelimiting current in absenceof organic compound
(1,) andin presence of organic compound (1), isre-
lated to the percentage of inhibition by theequation:

% Inhibition=[( -1, )/l ]x100 @)

TABLE 2 and figure 5 show that the percentage
inhibition caused by organic compoundsrangesfrom
1.89%to 35.85% for cell using copper anode.

The percentageinhibitionwasca culated from equa:
tion 2 depending on the concentration and type of in-
hibitor. It isobservablethat percentageinhibitionin-
creased as concentration increased. The order of inhi-
bition was asfollow(Fructose>glucose>mannose) for
monaosaccharide, (M dtose>sucrose>lactose) for disac-
charide.

The obtained results show that the presence of or-
ganic compound hasaninhibiting effect on thekinetics
of the copper discharge process, pointed out by the
decrease of the exchange current density. Theinhibi-
tion enhancing dueto increasing the organic compound
concentration could berel ated to the strong adsorption
of organic compound constituents on the copper elec-
trode surface, whichisin agreement with the decay of
thecurrent intensity observed onthepolarization curves.

The presence of organic compound changesthe
mechanism of the copper e ectrodeposition asit canbe
seen from the decreasing of the cathodic transfer coef-
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ficient. A possible explanation for thisfact consistsin
theincreasing role of an additional reaction that pro-
ducesthe samechemicd species Cu* asthoseinvolved
intherate determining reaction(*?,

Adsor ption isotherm

Theelectrochemical processeson themetal sur-
facearelikdy to beclosdy related to the adsorption of
theinhibitor(*® and the adsorption isknownto depend
onthechemical structureof theinhibitor!*”¥, Thead-
sorption of theinhibitor molecul esfrom agueous solu-
tions can beregarded as(quasi -substitution) process*”
between the organic compound in the agqueous
phasg,(org. ;) and water molecules at the €lectrode
surface,(H,O().

Org,,,+xH,0=0rggy+x(H;0) 3
Where x(the sizeratio) isthe number of water molecules dis-
placed by one molecule of organic inhibitor.

Adsorptionisothermsarevery important in deter-
mining the mechanism of organo-electrochemical re-
actions. Themost frequently used isothermsarethose
of langmuir, frumkin, parsons, temkin, flory-hugginsand
bockris-swinkel §2°23, All theseisotherms are of the
generd form:

f(0x) exp(-a8)=K C 4
Where £(6,x) is the configuration factor depends essentially
on the physical model and assumptions underlying the deri-
vation of theisotherm!4, The mechanism of inhibition of reac-
tionisgenerally believed to be dueto the formation and main-
tenance of a protective film on the metal surface®

Inhibitor adsorption characteristicscan beestimated
by using the Langmuir isotherm given as:
K C=0/1-0 ©)
Where K isthe equilibrium constant of adsorption process, C
is the concentration and 6 is the surface coverage.

Thedegreeof surface coverage(0) at constant tem-
perature was determined from(?

0=(1,-1,)/1, (6)

A plot of (6/1-6) vs(C) shouldyields straight line,
Figure6 showsstraight lineindicatingthat dl theinhibi-
torsverify Langmuir adsorptionisotherm.

Figures 7 show theflory-huggins adsorptioniso-
therm plotted aslog 6/C vs. log(1-0) for CuS0,/H,S0,
organiccompounds303K yidd agtraight linewithope
x andintercept log xK. TABLE 3 showsthevauesof x
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Figure 6 : Therelation between(0/1-0) against(C ) for
differ ent or ganic compoundsat 303K

and K, The experimental datafitsthe Flory-Huggins
adsorptionisothermwhich represented by:

log 8/C=log x K +x log(1- 0) )

Herex isthe number of water molecul esreplaced
by onemol eculeof theinhibitor. It isclear that the sur-
face coverage dataare useful for discussing adsorption
characteristics. The adsorption of inhibitorsat metal -
solution i nterface may be dueto theformeation of either
el ectrostati c or coval ent bonding between the adsor-
batesand themetal surface atomg?!.

Thefreeenergy of adsorption AG,.. at different
concentrationswas cd cul ated from the equati on:

AG,4=-RT In(555K) 8
Thevauebb.5: isthe concentration of water inthe

A Tndéan W



162

Electrodeposition of copper in presence of carbohydrates

PCAIJ, 2(3) October 2007

Full Poper ===

TABLE 3: Valuesof K, X and AG,, of different or ganic com-
poundstolangmuir, flory-hugginsand free ener gy

Organic L angmuir Flory - Huggins
compounds K X K
1. Glucose 42,54 2.52 22.79
2. Fructose 80.49 3.99 84.81
3. Mannose 20.45 5.59 13.40
4. Sucrose 91.99 2.35 61.13
5. Lactose 64.07 1.23 52.03
6. Maltose 116.5 1.70 85.49
coc;mggglucnds Langmuir Flory-Huggins

-AG as(kd. mol ) -AG ag(kJ. mol
1. Glucose 19.242 17.697
2. Fructose 20.823 20.952
3. Mannose 17.428 16.381
4. Sucrose 21.153 20.972
5. Lactose 20.258 19.741
6. Maltose 21.738 20.972
solution.

Thevauesof(AG,, ) aregiveninTABLE 3. Indl
cases, the(AG,,) Vauesarenegdiveandlieintherange

of -14.525 to -21.791kJmol. The most efficient in-
hibitor showsthemost negative(AG, ) vaue. Thissug-
geststhat they are strongly adsorbed onthemetal sur-
face. Thenegativevauesof (AG_, ) indicate the spon-
taneous adsorption of theinhibitor. Thisusualy charac-
teristic of sronginteractionwith meta surfaceltisfound
that the(AG_,. ) values are more positive than -40kJ/
mol indicating that inhibitors are physicaly adsorbed
onthemeta surface. Smilar resultshaveaso beenre-
ported by Talati et.al®.

Effect of stirring and applicationsof dimensional
analysis

The effect of the speed of rotation on the rate of
meta deposition can d so beused to determinewhether
thee ectrodeposition processisdiffusonor chemicdly
controlled process. If therate of electrodepositionin-
creases by the speed of rotation, then thereactionis
diffusion controlled. However, If the rate of elec-
trodeposition isindependent of rotation, so thereac-

Glucose Fructose Sucrose
- 1.8 r 2.4 3%
*
2.4 b 2.2
F 1.7
F 2.3 I 2.2
F 1.7 7 s F 2.4
o @) L21 O
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o F20 ©° o
= L 2.0
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log(1-0) log(1-0) log(1-0)
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Figure7: Therelation between log(6/C) against log(-0) for differ ent or ganic compoundsat 303K

Physical CHEMISTRY oo
A udéan Journal



PCAIJ, 2(3) October 2007

Nabila M.Elmlah et al.

163

I

0029

0.009 +
a 4 ] 12 18 20

\NO.7
Figure8: Therelation between | and @ for all organic
compoundswith cylinder at 308K

tionislikely chemicaly controlled. Theangular vel ocity
wisgivenby:
®=(2r rpm)/60 (9)

Figure8 givesthere ation betweenthelimiting cur-
rent density | and theangular vel ocity(w) to the power
0.7 at different concentrations of organic substance at
35°C. Straight lineswere obtained and thelimiting cur-
rent density increases by increasing therotation which
indicatesthat el ectrodeposition reaction of copperisa
diffusion controlled reaction®Y.

Thevauesof(l,) obtained at different temperatures
permitsthecal culation of activation energy E_ accord-
ingtoArrheniusequation:

logl,=E_/2.303RT+ogA (10)

Theplot of logl,against /T gaveastraight line
whereA isapre-exponential factor, R isthe gas con-
stant and T isthe absol ute temperature. The slope of
whichisproportional to E,. The activation energy of
the processisanimportant parameter for determining
therate controlling step. If therate controlling stepis
thediffusion of speciesintheboundary layer thenE is
generally<28kJmoli®, while E, vauesusually>43kJ
mol when adsorption of speciesonthereaction surface
and subsequent chemical reaction takesplace.

TABLE 4 shows that the values of E,are lower
than 43kJ/'mol; characterizing diffusion processesare
controlling thed ectrodepositionreaction. However, the
vaueof E,of electrodeposition reactionishigher inpres-
ence of organic compound. Thisisattributed to that
these compounds partly formed some chemical bond
with copper, and thisled to thefact that a part of the
electroderemain covered even at higher temperature.

Thermodynamic treatment of thereaction:
Thevaueof theentha py of activation AH*, entropy of
activation AS* and free energy of activation AG* can

> Fyl) Poper
TABLE 4: Thethermodynamicpar ameter sfor electrodepostio
of copper in presenceof or ganic substance 298K

Organic Cx10* Ea AH* -AS* AG*
compounds(moal.I %) (kJ.mal™) (kJ.mol ™) (3.mol 2K ™) (kJ.mol ™)

1. Glucose 0000 21.38 18900 13653  59.61
5500 2228 19.802 13370  59.67
11.00 2300 20520 13168  59.79
2170 2089 18410 13938  59.97
3230 238 21361 13028 6021
4270 2421 21735 12951  60.35
5290 2157 19.092 13857  60.41
2.Fructose 0.000 21.38 18900 13653  59.61
5500 17.39 14917 15037  59.75
1100 1726 14780 15103  59.81
2170 1721 14730 15166  59.95
3230 1600 13523 15613  60.07
4270 1622 13740 15571  60.17
5290 1541 12929 15894  60.32
3.Mannose 0,000 21.38 18900 13653  59.61
5500 19.27 16793 14378  59.66
11.00 1876 16283 14574  59.74
2170 1568 13189 15635  59.81
3230 1576 13277 15645  59.92
4270 1348 11002 16437  60.01
5290 1410 11621 16270  60.13
4.Sucrose  0.000 21.38 18900 13653  59.61
2900 2143 18949 13660  59.68
5700 19.03 16551 14468  59.74
1140 1847 16018 14690  59.82
1700 1873 16251 14649  59.93
2240 2048 18001 14103  60.05
2780 2114 18656 13951  60.25
5.Lactose 0000 21.38 1890 13653 5961
8720 1786 1538 14868  59.71
1737 1623 1375 15445  59.80
3439 1513 1265 15855  59.92
51.09 1479 1231 16004  60.03
67.47 1304 1056 16624  60.12
8354 1171 9234 17110  60.25
6.Matose 0000 2138 1890 13653  59.61
2900 2015 17.67 14079  59.65
5700 2000 1745 14179  59.73
1140 1800 1529 14909  59.75
1700 1638 1390 15423  59.89
2240 1508 1259 15886  59.96
2780 1497 1249 15950  60.06
be obtained by using equation:
AH*=E —RT (11)
AS*/ R=In A-In(BTe/h) (12)
AG*=AH*-TAS* (13)

TABLE 4 showsthat theentropy AS* possesnega
tiveva ues, indicating ahighly ordered organic species
inthesolution under investigation. Fromthe TABLES t
isalso noticed that the weak dependence of AG* on
the composition of the organic additivescan beattrib-
uted largely tothe genera linear composition between
AH* and AS* for thegiven temperature.
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Theisokineticrelationship

Variationintheratewithin areaction seriesmay be
caused by changesin either, or both, the enthal py or
theentropy of activation. The correlation of AH* with
AS* isalinear relationship may be stated dgebraicaly;
AH*=BAS*+ Constant (19
SAH*=BSAS (15)

Theoperator, 8, concernsdifference between any
two reactionsin the series. Substituting from(15) into
thefamiliar rlaionship:

SAH*=8AG*+T8AS* (16)
Weobtain
B SAS*=8AG*+T SAS*, (17)

It followsthat when 6 AG* equal zero, 3 equalsT.
In other words, thesopein alinear plot of AH* versus
AS* isthetemperature at which all thereactionsthat
conformto theline occur at the samerate. 3 isthere-
foreknown astheisokinetic temperature.

Theisokinetictemperature f wereestimated as 289,

281, 290.9, 278.8, 296K . for Fructose, mannose, su-
crose, lactose, maltose. Thesevaueswhich aremuch
lower than that of the experimental temperature 298K
indicating that therate of the reactionsisentropy con-
trolled®, Butthevaueof  whicharemuch higher than
298K such as308.9K for glucoseindicating that the
rate of thereaction isenthal py controlled process®¥.

1. Datacorreation

To obtain an over dl masstransfer correl ation un-
der thepresent conditionswherearotating cylinder is
used themethod of dimensiona analysiswasused. To
identify thevariableswhich affect therate of masstrans-
fer inthee ectrodeposition reaction, the mechanism of
forced convection masstransfer should berecdledfirs.
Forced convection takes place asaresult of cylinder
rotation. Thethicknessof thishydrodynamic boundary
layer determinesthethickness of thediffusion layer
acrosswhich diffusion of Cu?* fromthe solution bulk to
surface of Cutakesplace. Thethicknessof thehydro-
dynamic boundary layer at therotating cylinder and the

Glucose Fructose Mannose
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Figure9: Thereation between log Sh/(Sc)® * and log Refor all organic compoundsat different temperature
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diffusion layer are determined by the physical proper-
tiesof the solution, the geometry of the system(cylinder
diameter) and cylinder rotation speed. Thispictureleads
totheeguation
K=f(p,n,D,U,d) (18)
Where K=mass transfer coefficient, sec’. p=is density of
bulk, gcmr3. n=is viscosity of bulk,cm?.sec’!; D=is diffusion
coefficient, cm?.sec’; U= is cylinder linear velocity(U=o r);
wo=isangular velocity ; d=isdiameter of cylinder, cm.
Figures9 givestheover dl correlation for all or-
ganic compoundswith copper cylinder dectrodewhich
correlates by theequation:

L og Sh/(Sc)**#=loga+b log Re (19)

Theexponentsin the equation denotesahighly tur-
bulent flow which agreewith the previous masstransfer
study inagueous media.

In our present study, aforced convection mechani smi
isobtained which agreevery well withthereationship
given by Eisenberg et d .1*2 for masstransfer to arotat-
ing cylinder inturbulent flow system.

Sh=0.0791 Re*7 Sco3% (20)
Also, our resultsagree excellently with:
Sh=1.581Re*™ S0 (21)

Given by M.Nasser et al .*¥ for masstransfer dur-
ing cementation using rotating cylinder inan aqueous
medium aswell aswith the equation Sh=0.061 ReP&
Sc®#given by Ahmed et al *7 for masstransfer during
copper cementation from acoholic water mixturesus-
ingrotating cylinder inturbulent system.

Theover dl correationfor dl organic compounds.
Sh=9.784 Re*%Y7 ScP33 for Glucose with an average
deviation: +0.0119%, Sh=9.790 R Sc>*# for fruc-
tosewith an average deviation: £0.0226%, Sh=9.786
ReP017 ScO38 for mannosewith an average deviation:
+0.0621%, Sh=9.790 Re”%%16 Sc32 for sucrose with
an average deviation: +0.0234%, Sh=9.790 ReP5016
ScP*=for lactosewith an averagedeviation: +0.0075%,
Sh=9.799 ReP%01¢ S0 for maltose with an average
deviation: +£0.0126%

CONCLUSION

It isobserved that therate of electrodepositionin
presenceof cell using copper anodedecreases by adding

= Pyl Paper

organic additives. Thisisattributed to the conductivity
of solutionsmixture decreasesin presenceof organic
additives, and aso viscositiesof solutionsarehigherin
presence of organic additivesthan inblank solutions.

Our resultsrevealed that

I.  Theaveragelimiting current density decreasesby
increasethee ectrode height.

il.  Thelimiting current density increasesas CuSO,
concentrationincrease.

iii.  Organic substances haveinhibition effect onthe
limiting current depending on the concentrationand
typeof inhibitor.

Iv. Therateof dectrodepositionincreasesby increas-
ingtemperature.

v.  Whenusing RCE at 25°C therate of el ectrodepo-
stionincreasesby increase of rotation number.
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