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Mathematical Simulation of Acid Concentration
Effects during Acid Nitric Leaching of Cobalt
from a Mixed Cobalt-Copper Oxide
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become a major source of cobalt at global level] [a6d
Abstract—Cobalt was acid nitric leached from a mixed cobaltdriven by increasing environmental pressure, etittaaoute
copper oxide with variable acid concentration. Reésy will preferentially head toward hydrometallurgicalethods

experimental data were used to analyze effectswakase in acid gch as roast-leach-electrowin (RLE) and direct letieach
concentration, based on a shrinking core modehefgrocess. The (WOL)[17]

mathematical simulation demonstrated that the tmae of the Wh delling i ful f b derstandnd
dissolution mechanism is an increasing function a€id ereas modelling is useful for a better understandn

concentration. It was also shown that the magnitaflehe acid Optimization of the process, no reported work hagen found
concentration effect is time dependent and theeas® in acid on the modelling of process parameter effects dutime
concentration is more effective at earlier stagthefdissolution than dissolution of cobalt from mixed copper-cobalt axidThe
at later stage._The remainir_lg process pqramete_rsomprehgnsively present paper reports on a mathematical simulaticeffects
affected by acid concentration and their interaciiosynergetic. of acid concentration during acid nitric leachirfgzobalt from
Keywords—Acid effect, Cobalt, Cobalt-copper oxide, Leaching,a ”_“X?d copper-cobalt oxide. The simulation wasetiasn a
Simulation shrinking core model [18], [19] of the process. Thetal was
acid leached at a reference acid concentrationn,Titreesed on
I. INTRODUCTION the shrinking core mechanism [18], [19], a mathéraht
@odel was determined by fitting of experimentaladatThe
acid concentration was subsequently varied, therrélulting
experimental data was introduced in the model dfetts of
the variation in acid concentration were matheradlsic
analysed based on the model.

LEACHING process is one of the most frequently employe
techniques in extractive metallurgy for the recgvef
value using aqueous solutions. Low energy consiompt
reduced environmental pollution, and the abilitytteat low
grade ores are amongst attracting features whidivate its
application in hydrometallurgical routes. Over tpast few
decades, numerous pieces of work were conducteth@n
dissolution of minerals aiming at understandingntoaling
and optimizing effects of process parameters oregtieaction Experimental data were obtained from previous erpaTts
yield [1]]16]. Attempts to deduce quantitative atbns where cobalt was nitric acid leached from the mixebtalt-
between the process parameters and extraction yiedd COPPer oxide originated from central Africa. Tkadhing was
reported [1]-[16]. These kinds of relations arefuséor the conducted in a 500 ml glass beaker at solid todigatio of
development of optimization procedures and the guesif 23.6. The solid particles size was set at 80%tleess 75 pum.
control loops in industrial processes. The undaditey of the 1he temperature was kept constant at 25°C andhstispeed
process behaviour and its supervision through socentrol 2t 300 rpm [20]. The reference acid concentratias @.6M.
technics are essential for optimal economic peréoree of the 1hen all the remaining parameters being the saheetetal
plant. was also leached at two other acid concentratidhdMland 2
Besides the above, cobalt is considered as a gs'trateM- Resulting experimental data are presented inr€ig.

material of modern industry; its global demand kasadily Experimental data obtained at the reference coratéon
increased over decades and its application extewes a Were tested according the shrinking core model (F@W
variety of fields including rechargeable batterissperalloys Selid-fluid heterogeneous reaction [17, 18]. Thedglois
used in turbines and turbo reactors, pigment, colgent, expressed as an equation where the first memtzefusction
corrosion resistant alloys, catalyst and magnefiiebalt is ©f the extraction yield and the second member atfon of
obtained mostly as a by-product of other metalé sisccopper time and process parameters. The first membereoédjuation
and nickel. Recently it has been recognized thatAfrican is denoted f(x) and the second memHérx g(ui).
copper belt deposit of mixed copper-cobalt oxidesés to

Il. EXPERIMENTAL

Extraction yield, time and process parametersespactively
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?O'OS | In equation (1) X, Cand t respectively represent the
el T O6MHENGS dissolved fraction of metal, the acid concentratand the
goos 1w —&—1.2MHNO3 leaching duration. Factok provides the measure of the
§0-02 . —&—2 M HNO3 comprehensive effect of the remaining process petens

.01 Exponentb s a positive or negative real number.
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Fig. 1 Cobalt dissolution in function of time atek different acid

concentrations A. Effect on time exponent

Experimental data obtained at 1.2 M and 2 M acid

concentration were also introduced in the modéhvestigate

TABLE | effects of increase in acid concentration. Tablshbws that
TEST OF EXPERIMENTAL DATA AGAINST SHRINKING CORE MOBL .. . . .. .
R the coefficient of linear correlation decreasechviiicreasing
. acid concentration. This suggested a change inptheess
Coefficient .
) mechanism.
Model £ (X) of linear
mechanism correlation TABLE I
betweenf(x) EFFECTOFACID CONCENTRATIONON THE PROCESSMECHANISM
and t'? RZ
SCM, kinetics Coefficient of linear
Model .
controlled by mechanism (X) correlation between
diffusion through 2 0.978 f(x) and t2
the solid ash 1_31_)%*'21_)4 ' 0.6M  12M 2M
layer (spherical
particle)
Kinetics _
controlled by E’_"X‘?_d
diffusion through 5 Inetics
the solid ash X 0.978 gteets;mmmg . )
layer (flat plate P _ =
- (diffusion —Ir(ﬂ. )a l—(l )%3
graln) tl’ough solid 3 0.980 0.842 0.663
Mixed kinetics layer and
determining mass transfer
steps (diffusion 1 1 through
trough solid It} 11X 3} 0.980 liquid film)
layer and mass 3

transfer through
liquid film)

testing the linear
tawhileg(ui)is kept constant [1]-[16]. The

experimental data represented in Figure lwere fdonfit a
kinetics model determined by diffusion through dash layer
and /or mass transfer through the liquid film, éablTherefore
the process was represented by the following madtieah

model

correlation

] -~ The increase in acid concentration was expectsgeed up
denoted X , t and U, . The model is verified generally by the process. As a result the mechanism ought tg alégher

between f(x) and time rate, subsequently the time exponent in thelahdo

decrease. To better view and interpret this eftbet time

above gxnonent was varied in diminution. Then the cosffic of

correlation, the acid concentration and the timgosent were
graphically represented as shown in Figure 2
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Fig. 2 Change in time exponent as a function af aci
concentration

Figure 2 shows the variation of the coefficientofrelation
R in function of time exponent for each acid concatitin. As
the best fit corresponds to the high&ton the curve, by
comparing the three concentration curves it carsdmn that
the best fit shifts from the highest to the lowisie exponent
when the acid concentration increases. This demaiastthat
the increase in acid concentration affects the ahmbcess
mechanism by increasing the time rate of the meshan

statistical trend of the slope in function of tim®btained
values of the acid concentration exponent are shawn
function of time in Figure 3.
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Fig. 3 Variation of the exponent of acid concembratduring
leaching

The plot clearly shows the decreasing trend of acid
concentration exponent with increasing leachingetim also
reveals two different kinetics steps, the first aeto about
thirty minutes where the decrease is fast and ¢oersl one
where the decrease is almost totally dumped. Teenstand

Subsequently the mathematical expression of the emodhis it was resorted to the fact that the proceisetics is

evolves with the increase in acid concentratiomubh time
exponent as shown in equation (2) and table IlI

%In(l—x)—[l—(l— x)';} = kC"t? @)

TABLE Il
EFFECT OF ACID CONCENTRATION ON TIME EXPONENT
Acid . a
concentration
0.6 M 1/2
1.2M 1/3
2 M 1/5

B. The magnitude of the effect of acid concentration

The magnitude of acid concentration effects is ez by
the exponentbin equation (1). The exponenb was
subsequently analysed based on equation (1) whreradhl
concentration varies at constant time. Only threeell of
concentration was made available from the expetiahen
database. Then based on equation (1), all othecepso

parameters being constanth‘,l[f(x)] was plotted against

In(C) to determine the exponent of the acid concentratio

The later was graphically determined as the slopahe
obtained experimental curve. With only three aldéa
experimental points, the graphical determinations weot
statistically viable. However, using several constealue of
time, good enough number of plots was generatgideide a

determined by the diffusion through the ash laiemce as the
leaching time increases, the product layer inceassize and
in density. As a consequence the resistance taisiiff
increases, then the magnitude of the effect ofem®e in acid
concentration is subsequently dumped.

Obtained results imply that the acid concentraggponent
is a decreasing function of time and the decreaséamg ought
to be logarithmic or exponential in order to be sistent with
the type of mechanism described in the previousgraph.
The variation function was numerically determiney b
mathematical regression as shown in Figure 4 andt&m (3)
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Fig. 4 Acid concentration exponent in function iofie

b(t) = - 0262n(t) + 1207 @3)



International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:6, No:1, 2012

C.Effect on the remaining process parameters

All the remaining process parameters being constant TABLE V

FACTOR K IN FUNCTION OF ACID CONCENTRATION

consequently the coefficiert in equation (2) should remain Acid K

constant. Its value was determined from the ploh't[ff (X)] gogncli;lentration 610

againsln(C). According to equation (2)|,n(kta) is equal to 1.2 M 5.1x1C°
2 M 8.0x 10

the intercept of the plot on In[f(x)] axe. As the time
exponen; Vg”;? W'thﬂf'he tah0|d concentr?u?n, 'tmfe/aN:" i From table V, it could be noticed that the fackorincreases
ave.rag(_e etween _(_a ree concentrations for ith increasing acid concentration

estimation of the coefficielk. The latter was then computed

for each time and results are shown in table IV.

IV. DISCUSSIONAND CONCLUSION
TABLE IV

EXPERIMENTAL VALUES OF COEFFICIENT k IN FUNCTION OFIME Experimental data pertaining to the nitric acidsdlstion of
cobalt from a mixed cobalt-copper oxide were aredylased
Time (minute) kx10° on the shrinking core mechanism with a kineticerained by
the diffusion through the ash layer and the fluichf The
5 5.0 analysis consisted in a mathematical simulation acfd
10 47 concentration effects.

Increase in acid concentration introduced significa
15 5.4 modifications of the leaching process as expresbgd
equations (2) and (3), and tables Ill and V.

20 5.0 It was observed that increase in acid concentrameeds
25 5.2 up the whole process. This was shown by the sulestqu
decrease in time exponent in the equation of theleho
30 5.1 denoting a higher time rate of the whole processth® time
45 59 exponent in the model is a decreasing functionhef acid

concentration and the mathematical expression @fntiodel
60 5.1 evolves with the acid concentration.
The analysis also revealed that the process meghani

75 5.1 affects the acid concentration effect. Due to iases
920 5.3 resistance to diffusion resulting from the increassize and

density of the ash layer, it was shown that themtade of the
105 - concentration effect is time dependant. It decreasith
120 53 increased leaching time. So the increase in aaitemtration

is more effective at earlier stage of the leactimgn at later
AVG 5.1 stage. The above could also provide explanatiotineéoquick
initial dissolution followed by a slow kinetics genally
observed during metal leaching.
The analysis demonstrated also that the acid conatiem
The first estimate ok was then used in equation (2) andnteracts effectively with the remaining processapaeters as
empirically adjusted to fit each time exponent.<Timieans, the shown through the variation of the fackorthat represents

value of K was modified until to obtain an acceptable equalit§ffects of the remaining process parameters in tequg2).

between f(X) and ta><g(ui) as requested by the model in_The increasing trend qfkwhep the acid cpncentratlon
increases shows that the interaction is synergetic.

StD 0.2

equation (2). The functionf (X) was computed for each
concentration, using experimental values of mexadaetion.
The second member of the equation (2) was also atadgor
each concentration, using experimental valuesnoé.tiThen if
coefficient K is correct, values of the two members of
equation (2) obtained from experimental data shobé
equals. The graphical comparison is shown in Figjlrdéo 7
and obtained values of coefficiek are shown for each
concentration in table V
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Fig. 5 Model fitting at 0.6 M
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Fig. 6 Model fitting at 1.2 M

2 M
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Fig. 7 Model fitting at 2 M
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