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ABSTRACT KEYWORDS
The study focused on the application of factoria optimization technique Factorial optimization;
on the cobalt el ectrowinning with anode bag and its advantages over con- Current efficiency;
ventional electrowinning cell practice. Under fixed electrolyte conditions Electrowinning;
three parameters viz. pH, Cobalt concentration and current density have Anodebag.

been varied at three different level and regression equations have been
developed for current efficiency & power consumption and optimized con-
ditions derived. The optimum conditions obtained; Cobalt sulfate concen-
tration 47-50 g/L in Electrolyte, pH 3-4 and 250-280 Ampere/ meter square
current density when cathode and anode are separated by 40 mm. The
average current efficiency increased to 90% against 65% in conventional
cell, Power consumption reduced to 30% and the regression equation for
power consumption and current efficiency is derived and validity of the
equation is tested with F-test. It opens the possibility of operating elec-
trowinning cell even at higher current densities with same efficiency by
adjusting the other parameters to increase the productivity.
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INTRODUCTION lution, which cons stsof thefollowing reactions.
At thecathode:

Cobalt is strategic and critical silver gray hard Co? +2e-— Co )
metal having applicationsin diversified industrial, 2H*+2e-—>H, 2
commercid, medicina, metalurgicd fieldg. Cobdtis i) Attheanode:
most usedinthemetallurgical fildinsuper dloys,wear  2H,0 » 0+ 4H* +4e &)
resistant coatings, corrosonresistant dloys, highspeed  co? — Co¥+e 4

dloysandmagnesicaloys. Inchemicd field compounds Thereduction of H+ ionsat thecathoderesultsina
of cobalt areusedin catalyst, adhesivesand pigments.  risein pH whilethe generation of H*ion at the anode
Cobaltisprepared by Electrowinning CoSO4 s0-  resultsin adecrease of pH.
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If theanolyte and catholytearealowedtomixin
the conventional Electrowinning, pH aswell asCobalt
ion concentration of the el ectrolyte decreasesdueto
thereaction (3) and (1). Theacid mistisformed above
the cdll dueto reaction (2) given abovewhichisenvi-
ronmentally unhealthy towork. Thisalso leadsto the
lossof eectrolyteaswell as poor current efficiency of
about 65% 2.

The probability of small amount of Co* formed
at the anode® as per the equation (4) given above,
reaching the Cathode by diffusion is also unavoid-
able. Moreover the presence of multivalent ion af-
fects the current efficiency as well as the nature of
the deposit in morphology.

The other contaminants, which are getting oxi-
dized at the anode and forms insoluble oxides are
also getting occluded along with the deposit at the
cathode.

Thusthereisaneedto maintainthepH inorder to
avoid hydrogen evol ution a the cathode asper theequa-
tion (2), acid mist generation to keep healthy working
amosphere, need to block the Diffusion of theionsfrom
theanodeto the cathode which affectscurrent efficiency
and occlusion of theinsolublemetd oxide contaminants
along with the cobalt deposit to increase the purity.
Eventhough the use of anode bagi>® solvesthe above
problemsby resisting theflow of metal oxidesparticles
and freeacid proven commercidly, till datethereisno
study reported regarding the optimization of parameters
of cobalt e ectrowinning with anode bag.

Beyond this, in Cobalt metal production by elec-
trowinning of itssalt; theparametersarevery criticd to
operate*d. Theinfluenceof parametersontheefficiency
also decidesthe cost of process. Factorial optimiza-
tion® isthe effectivetechniquetoidentify the optimum
condition when more number of factorsinfluencethe
response compareto onefactor at atime. Theadvan-
tagesof factorid optimization compared to conventiond
onefactor at atimeare, individual effect aswell asthe
interaction effect includingmulti level interaction, extent
of interaction of parameters, equation correspondsto
theinfluence of parameter ontheresponseand reliabil-
ity aswell asreproducibility with error level of theex-
periments can beidentified at the least no of experi-
ments. Theintermediatedatacan d sobegeneratedusing

theequation.
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Thefactorid optimizationisthe suitabletechnique
for optimizing Electrowinning parametersto get maxi-
mum current efficiency. Generally p* full factorial de-
sign can be utilized to optimize the experimental pa-
rameterswhen theno of factorsarelimited wherep-is
theno of levelsand k—is the no of factors. When large
no of thefactorsinfluence theresponsethen fraction
factorial designisutilized to reduce the no of experi-
mentsfor optimization.

Thuswe have utilized 32 full factorial designto
optimize the condition for el ectrowinning of cobalt
with the use of anode bag. The choices of factors
are pH of pregnant electrolyte, current density and
the cobalt concentration in the pregnant electrolyte.
Thethreelevels of thefactorsareasin TABLE 1.

EXPERIMENTAL

All the Electrowinning experiments were per-
formed in an acrylic cell with the capacity of 1.4 lit
using the cobalt pregnant electrolyte prepared from
AR grade crystal of cobalt sulphate (Merck) with
pH around 3 with further pH adjustment using co-
balt hydroxide. Through out the experiment Flow rate
of pregnant el ectrolyteiskept at 5ml /min constantly
using peristaltic pump and the distance between the
anode and cathode is kept as 40mm. Anolyte and
catholyte were separated by abag made polypropy-
lene hold by polypropylene frame. Acid produced
at the anode compartment was sucked out using the
peristaltic pump at aconstant rate and collected sepa-
rately

Thus the experimental cell consist of two an-
odes made of lead — antimony alloy (5x12x80cm)
kept inside the poly propylene frame holding anode
bag, separated by 40mm from single stainless steel
cathode (60x65x2mm) from the centre. It consists of
total 29 experimentsaccording tofactorial design and
thedataareasgivenin TABLE 2.

TABLE 1: Factorsand levelsfor parameter optimizationin
cobalt electrowinning

Factors Leves
pH 3,4,5
Current density 200, 300, 400 A/m”

Co ooncentrati on 30, 40,50 g/L
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TABLE 2: 3*Factorial experimental design

Std Run Co grams Current dendty Current efficiency power consumption
Order Order  per liter pH Alm? in % in kWh/Kg
1 1 30 3 200 85.4 3.9
2 2 30 3 300 82 418
3 3 30 3 400 75.4 6.1
4 4 30 4 200 911 382
5 5 30 4 300 78.4 569
6 6 30 4 400 77.3 587
7 7 30 5 200 89.2 376
8 8 30 5 300 89.7 456
9 9 30 5 400 80.3 584
10 10 40 3 200 83.5 438
11 1 40 3 300 0.9 4
12 12 40 3 400 .9 422
13 13 40 4 200 89 381
14 14 40 4 300 91 4.1
15 15 40 4 400 R 45
16 16 40 5 200 cil 372
17 17 40 5 300 83 443
18 18 40 5 400 76.8 532
19 19 50 3 200 N7 384
20 2 50 3 300 91 424
21 21 50 3 400 9% 4.3
22 2 50 4 200 86.1 4
23 23 50 4 300 83.5 401
24 24 50 4 400 0 4.6
25 25 50 5 200 83.4 418
26 26 50 5 300 8.1 5.2
27 27 50 5 400 75.4 5.66
12(R1) 28 40 3 400 9%5.9 4.2
12(R2) 29 40 3 400 95.2 426

RESULTSAND DISCUSSION

Theexperimentd resultsobtained under abovede-
signed operational parameter are used to obtain the
regress on egquation, Main effect and interaction effect.

Themain effect of theindividual parameters has
been presented in Figure 1. From main effect plots, itis
evident that increasein concentration of Cobalt did not
influence beyond 40 gpl on efficiency.

Thegraphicd representation of 3-leved interaction
effect Figure 2 indicates that at around 40g/L, 4-pH

and 200 amp/m2 gives maximum efficiency.

Thusincreasein concentration of cobalt beyond
40gpl did not influenceon efficiency. Similarly whenthe
pH risesabove4 it did not influencethe efficiency. But
theexact optimum conditionisobtaned by taking power
consumption alsointo the consideration.

The mathematical representationsof theinfluence
of the parameterson efficiency (Based onleast square
method and property of orthogonality of matrix) areas
givenbelow;

Current efficiency = 70.8056 - 0.05139 Co
+10.506pH - 0.195 CDx0.116Co pH
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Figurel: Main effect of Cogpl, current density and pH
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Figure?2: Interaction effect of pH, Cogpl, current density

+0.007Co CD +0.019 pHCD - 0.0012 pH CDCo ©)

Power consumption =0.156 Co+0.347 pH
+0.033CD - 0.0204 CopH -0.0009 CoCD

-0.0035 pHCD + 0.00014CopH CD - 1.663 6)

Theaboveequation isuseful whenwe cannot ater
any one of the parametersthen we can ater the other
parameter in suchaway to get thesameefficiency. The
equation can be used to predict the efficiency by sub-
dtituting theva uesof the parameters. Theequation can
also be used to generatethe datafor the specific condi-
tion.

Figure 3 represents the combined effect of cobalt

gpl and pH on current efficiency whichindicatesthat in
Research & Reotews On

theregion around 40 gpl whichjointslittlelessthan 4
pH zones hasthe maximum efficiency and thisshould
bethe operational zonefor better result.

FromtheFigure4itisclear that the maximum effi-
ciency achieved when current density isaround 200
Amp/m? and pH is around 4. When the feed pH in-
creased beyond thisdecreased theefficiency. Similarly
when the current density increased beyond 200 also
decreased the efficiency.

FromtheFigure5itisobserved that the combina-
tion of cobalt concentration and current density gives
themaximum efficiency when concentration isaround
50 gpl and current density isaround 200 Amp/m2,
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3 level 3 factor design
cobalt electrowinning
anode bag
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Figure4: Combined effect of current density and pH

Fisher’stest

Theregression equation generated istested with
actual experimental value TABLE 1 using Fisher’s
test®, which is defined as below;

F (Fisher distribution) <F_ (v1,v2). F, (v1,
v2) = tabulated value for Fisher’s distribution at
100(1-a) % level of confidence under y1, y2 de-
grees of freedom.

11 = Degrees of freedom for the regression val-
ues= N-l =27-8=19

v2 = Degreesof freedomfor replicatevalues=N-

—= Pyl Peper
1=3-1=2

The response for 3 replicate experiments (Ref.
TABLE 1, 12, 12(R1) & 12(R2)) have been 94.9,
95.9 & 95.2. The variance (S¢?) iscalculated using
formulaand is as below;
S =% 2 (y- y*9)3/N-1=0.5266/2= 0.2633.

Similarly, variance (S ?) for responsefromregres-
sonequation
S 2=[Z 7 (y- y*)4/N-l = 298/19 = 15.69

So, Fisher’s distribution ratio (F) = S _%/S? =
15.69/0.2633 = 59.57

Thetabulated Value at 99% confidencelevel i.e.
at significance value (o) of 0.01 under y1 & y2 of
19& 2is995,i.e F ., (19,2) =99.5

Thus, F (Fisher distribution) < F .. (19, 2)
and hence the regression equation fits adequately
withtheexperimenta data.

3 level 3 factor design
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Figure5: Combined effect of Cogpl and current density

CONCLUSION

Thusthe concept of factoria optimizationwas uti-
lized toidentify the optimum conditionsfor the produc-
tion of cobalt metal using anode bag, which wasfound
tobeasfollows.

1. Optimum Concentration of Cobaltis47to 50 gpl

2. OptimumpHis3to4

3. Optimum Current density is 250 to 280 Amp/m?
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Under the above condition the power consumption
would be 3.9 Kwhr/kg of cobalt and current efficiency
would be90%. Theregression equationthat relatesthe
current efficiency to the parameterswasderived which
couldbeutilized to predict theefficiency at the operating
condition and a so enableusto identify and ter the pa-
rametersto get maximum possiblepractica efficiency.
Thevdlidity of the equation wastested by F-test.

It opensthe possibility of operating e ectrowinning
cdl evenat higher current denstieswith sameefficiency
by adjusting the other parameterstoincreasethe pro-
ductivity.
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