Chemical
Engineering
Journal

www.elsevier.com/locate/cej

IR i
ELSEVIER Chemical Engineering Journal 114 (2005) 67—72

Dissolution kinetics of sphalerite in acidic ferric chloride leaching
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Abstract

This paper presents a study for leaching kinetics of sphalerite concentrate g@-H&Ckolution. The shrinking core model was applied to
the results of experiments investigating the effects of stirrer speed of 200—600 rpm, ferric ion concentration in range of 0—1 M, solid/liquid rat
in range of 1/100-1/5, leaching temperature range of 40688hd particle size on zinc dissolution rate. The activation energy for the leaching
process was found to be 45.30 kJ/mol and the Arrhenius constant was calculated to be’s BBd erder of reaction for ferric ion concentration,
solid/liquid ratio and particle size were also obtained. The rate of the reaction based on reaction-controlled process can be expressed as,

1-(1- O[)1/3] _ ko(Fe3+)O'36( pS/L)—o.asraom exp(—4530(¥RT)t.

The dissolution of sphalerite with acidic ferric chloride solution was found to be controlled by reaction-controlled process.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction hydrometallurgical treatment processes. For this purpose, vari-
ous leaching studies have been performed by many researchers
Sphalerite (ZnS), which associates mainly with other metain basic medium using ammonia soluti¢2-7] or in acidic
sulphide minerals, such as chalcopyrite (CuBe&alena (PbS) medium using nitric acid8], hydrochloric acid[9-11], sul-
and pyrite (Fe® in the nature, is the principal source from phuric acid12,13]and also oxidating agents, such as ferric ions
which zinc is produced commercially. In mineral processing[14—20]
engineering, they are collected in separate concentrates through Ferric ion, which is one of the most important oxidative
selective conventional froth flotation applied to separate eachgents in leaching process, is mostly used from the source of
other. Sphalerite concentrates usually contain more than 50%érric chloride (Fed) and ferric sulphate (R€SQy)3). Fer-
Zn. ric chloride is well recognized as a leaching agent and it was
Conventional zinc recovery process from sphalerite conreported that ferric chloride has more advantage than ferric
centrates involves roasting the concentrate to zinc oxide asulphate[14,15] Many investigations indicate that sphalerite
sulphate, leaching the resultant calcine with dilute sulphurican be dissolved readily under certain conditions. Neverthe-
acid and electrodepositing of zinc from purified leach solu-less, few kinetic studies for the sphalerite dissolution have been
tion (roasting—leaching—electrowinning, RLE). The need to reported.
utilize small and complex deposits and the environmental restric- Sphalerite leaching with acidic ferric chloride solutions
tions imposed on sulphide smelters stimulated the developmeptoducts, including zinc chloride and other zinc chloride
of alternative methods, especially hydrometallurgical routes thatomplexes, elemental sulphur, ferrous chloride?*Fand
avoid the production of S£as a pollutant. Fe* complexes and sulphides {8, HS", $*), mainly
The elimination of roasting step is an important advan-depending on the solution pH. The dissolution reaction of
tage and high zinc extraction increases the importance dphalerite in acidic ferric chloride solutions, which was a
simple oxidation—reduction reaction, was expressed as follows
- 21]:
* Corresponding author. Tel.: +90 332 2232060; fax: +90 332 2410635. 124
E-mail address: saydogan@selcuk.edu.tr (S. Aydogan). ZnS + 2Fet — Zn*t 4 2Fét + & (1)
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Sphalerite reactivity depends on its iron content, i.e., the morber cover. The temperature of 20-8D of the leach solution in
ironinthe solution, the easier the sphalerite lattice can be opendte reactor was provided by a thermostatically controlled water
[22,23] bath with+0.2°C sensitivity. Stirring process was carried out by
It has been known that dissolution rate during the leachingdeidolph mark RZR 2021 model mechanic stirrer equipped with
decreases with time and it is directly dependent on the activatiopropeller. During the set-up of the experiments, solid content of
energy. HabasljR4] stated that if the rate of reaction in the bulk the solution, particle size and HCI concentration were held con-
of the solution was fast, the process would be governed by thstantat2.0% (w/v), 7% 45um and 0.1 M, respectively. Stirring
rate of diffusion of the ions from the surface of the solid throughspeed was changed in the range of 200-600 rpm; temperature
the boundary layer. On the other hand, if the rate of reactionvas varied in the range of 40-8G; Fe* concentration was
is slow, it will control the overall process and the process willin the range of 0-1.0 M; particle size was ranged as21P6,
be chemically controlled, thus, diffusion through the boundaryl06 x 75, 75x 45, 45x 38 and—38um. Liquid volume was
layer will not play any critical role. kept constant and the amount of solid was changed to obtain
Wadsworth[25] stated that leaching reactions are heterogethe desired ratio during the experiments carried out at various
neous processes. Therefore, most of the models used to descriugid/liquid ratios. Zn in leaching solution was determined by
these processes are similar to those used for non-catalytic hétista AX CCD model ICP-AES. Distilled water and reagent-
erogeneous processes, such as the shrinking core model. It grade chemicals were used to make up all required solutions.
been stated that a diffusion-controlled heterogeneous process
was characterised by being slightly dependent on temperaturg, Results and discussion
while the chemically controlled process was strongly depen-
dent on temperatur26]. The reason for this phenomenon can3.1. Effect of stirrer speed
be attributed to linear dependency of diffusion coefficients and
exponential dependency of chemical velocity constants on tem- Fig. 1 shows the effect of stirring speed applied in the range
perature. Thus, the activation energy of the diffusion-controlledbf 200-600 rpm on the dissolution of sphalerite. As seen from
process is characterised as being 4-12 kJ/mol, while itis usuallig. 1, the dissolution of Zn was not changed when 200-400 rpm
>40 kJ/mol for a chemically controlled process. stirring speed was applied, while this reached to 17.24% at the
Hence, the objectives of this study were to investigate thend of 4 h leaching time with increasing stirring speed up to
main factors involved in the leaching of sphalerite by acidic ferric600 rpm. Therefore, 600 rpm was selected as a stirring speed for
chloride solution, such as ferric ion concentration, solid/liquidinvestigation of the effect of other parameters.
ratio, particle size, temperature and stirring speed, and also to
determine what process controls the rate of the dissolution of 2. Effect of Fe’+ concentration
sphalerite or what kinetic model can be applied.
The study for the effect of ferric ion concentration on spha-

2. Material and methods lerite dissolution is given ifrig. 2 As shown fromFig. 2, the
sphalerite dissolution increases gradually with leaching time
2.1. Material and with increasing ferric ion concentration. At the end of 4h

In this study, samples of the sphalerite concentrate were 5 —

. . Leaching Time,
taken from Menka Flotation Plant (Sivas, Turkey) where e T
. . - + 0.25
CuFe$—-PbS-ZnS complex ore is enriched. The concentrate .
used in the test was wet sieved to obtain 21206, 106x 75, 20 — A; o
75 x 45, 45x 38 and—38p.m particle size fractions. Chemical = Z'U
analysis of each size fraction is listedTiable 1 A I ﬁ—/
= —5r— 40
g 15 —
2.2. Experimental procedure I
E —
A pyrex beaker of 1 L was used as a leaching reactor and put S 10 4 E’_/_/_/_E//a
in temperature-controlled water bath. It was closed by a rub-
Table 1 5 — G»——_@_——/—/_‘_‘_fe
Chemical analysis of zinc concentrate (wt%) A e A
Particle sizegm) ~ Zn(%) Fe (%) S(%)  Acid insolubles (%) ] e e — ——*
—212+106 57.87 0.98 29.32  10.83 0 \ ' | ' | !
—106+75 59.97 0.16 30.15 8.86 200 400 600
—75+45 61.73 0.09 30.93 6.12 Stirrer Speed, rpm
—45+38 57.70 0.81 29.23 1.06 _ o _ _
_38 39.53 236 2235 7.35 Fig. 1. Effectofstirring speed on the recovery of zinc from the sphalerité{[Fe

0.25 M; temperature: 50C; solid/liquid ratio: 20 g/L; particle size: 76 45um).
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Fig. 2. Effect of leaching time on the recovery of zinc from the sphalerite for Fig. 4. Effectofleachingtime onthe recovery of zinc from the sphalerite for vari-
various ferric ion concentrations (temperature®60Qsolid/liquid ratio: 20 g/L; ous solid/liquid ratios ([F&]: 1.0 M; temperature: 50C; stirrer speed: 600 rpm;
stirrer speed: 600 rpm; particle size: ¥25um). particle size: 75¢ 45um).

leaching, 0.26 and 14.66% zinc extraction were achieved witd0-80°C. While the zinc recovery after 15min was 2.05 and
0OMFeCkand 0.1 M Fé*, respectively. These results show that 13.17%, the recovery after 4 h reached to 14.20 and 82.01% for
ferric ions are the only oxidation agent that has direct effects od40 and 80 C, respectively.
sphalerite dissolution.
3.4. Effect of solid/liquid ratio
3.3. Effect of temperature
The effect of solid/liquid ratio on the dissolution of sphalerite

The effect of temperature on the sphalerite dissolution isvas investigated in the range of 1/5-1/50. The results are pre-
shown inFig. 3. As seen irFig. 3, zinc recovery increases with sented inFig. 4. The zinc recovery increased with decrease in
leaching time and with increasing temperature in the range ahe amount of solid. While the zinc recovery after 4 h leaching
reached to 11.96 and 30.91% at ratios 100/500 (1/5) and 10/500
(1/50), respectively.

100 —

00 ] Temperature, °C ) )
3.5. Effect of particle size

Leaching was also investigated by various particle size of
sphalerite concentrat&ig. 5 shows that the zinc dissolution
increases with leaching time and with decreasing particle size.
The zinc recovery reached 40.94 and 96.14% after 4 h leaching
for —212 + 106 and-38um particles size, respectively.

3.6. Kinetic analysis

Zn Extraction, %

The shrinking core model considers that the leaching process
is controlled either by the diffusion of reactant through the solu-
tion boundary layer, or through a solid product layer, or by rate
of the surface chemical reaction. The simplified equations of the
shrinking core model when either diffusion or the surface chem-

0 1 2 3 4 ical reactions are the slowest step can be expressed as follows,
Time, h respectivelyf27]:

Fig. 3. Effect of leaching time on the recovery of zinc from the sphalerite for 2 2/3 2MgDCa
various temperatures ([Bg: 1.0M; solid/liquid ratio: 20 g/L; stirrer speed: |1 — éa —1-w = ———5t=kat 2
600 rpm; particle size: 7% 45um). pBarg
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Fig. 6. Plot of 1— (1 —«)*3 vs. ¢ for different temperatures ([F: 1.0 M;

Fig. 5. Effectofleachingtime onthe zincrecovery fromthe sphalerite for varioussolid/liquid ratio: 20 g/L; stirrer speed: 600 rpm; particle size 745 um).

particle sizes ([F&]: 1.0 M; temperature: 80C; solid/liquid ratio: 20 g/L; stirrer
speed: 600 rpm).

kcMpCa
PBATQ

wherec is the fraction reacted, the kinetic constant\/g the
molecular weight of the solid;s the concentration of the dis-
solved lixiviant A in the bulk of the solutiom,the stoichiometric
coefficient of the reagent in the leaching reactigythe initial
radius of the solid particle,the reaction timeD the diffusion
coefficient in the porous product layer aidandk; are the rate
constants, respectively, which are calculated from E2jsand
(3), respectively.

Eq.(2) reveals that if the diffusion through the product layer

[1-1-a)= = ket ©)

The results on the effect of ferric ion concentration were
applied to this kinetic model arid values and correlation coef-
ficients for each F¥ concentration are given ifable 3 From
the k, and ferric ion concentration values, plot ofkinversus
In Cjre3+) Was obtainedRig. 8. As seen inFig. 8 the order
of reaction with respect to ferric ion was proportional to 0.36
power of ferric ion concentration ([R&%-36) with a correlation
coefficient of 0.954.

From the effects of solid/liquid ratios and particle sizes on
zinc dissolution given irFigs. 4 and 5the apparent rate con-
stants can be determined. The orders of reaction with respect to
solid/liquid ratio and initial particle sizerq) were determined

controls the leaching rate, there must be a linear relation between
the left side of equation and time. The slope of the line is the rate
constanky, it must be directly proportional to/lg. Ifthe surface
reaction controls the rate, the relation between the left side of
Eq. (3) and time must be linear. The slope of this line is called
the apparent rate constantand must be directly proportional
to 1/rg.

The rate constants valuelyy and k; calculated from Egs.
(2) and (3) respectively, and their correlation coefficients for
each temperature are given Table 2 These results indicate
that the dissolution rate of sphalerite is controlled by surface
chemical reactions and not by the diffusion of the ferric ion.
The apparent rate constants for zinc dissolution increased with
increase in temperature up to8D. The application of surface
chemical reactions kinetic model is shownFig. 6. Arrhenius

plot considering the apparent rate constants was obtained by

applying Eq.(3) to leaching experimental dat&i¢. 7). The
calculated activation energy was 45.30 kJ/mol that clearly sug-
gests chemical reaction control for the procgd8]. Various

Ink, h!

-2.00 —

-3.00 —

-3.50 —

-4.00 —

-4.50

Ea = 45.30 kj/mol

2.80

T I T I T I T |
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inveStigatorS reported this activation energy value as 58 I(‘]/mclllig. 7. Arrhenius plot of reaction rate against reciprocal temperature
[28,29] 46.9 kJ/mo[16], 41.8 kJ/mo[15], 46.0kJ/mo[30]and  ([Fe3*): 1.0M: solid/liquid ratio: 20 g/L; stirrer speed: 600 rpm; particle size:
40.30 kJ/mol31]. 75x 45um).
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Table 2
Thek;, kg and correlation coefficients values for different temperatures
Temperature°C) Apparent rate constants (1dh—1) Correlation coefficient®?)

kr kd ke kg
40 13.506 0.6370 0.998 0.976
50 26.946 3.329 0.999 0.963
60 44,913 8.256 0.999 0.955
70 67.364 17.453 0.998 0.946
80 99.910 34.816 0.996 0.963

[Fe**], 1.0 M; solid/liquid ratio, 20 g/L; stirrer speed, 600 rpm; particle sizex 75 um.

Table 3 wherekg is a reaction constant, which can be determined from

Thek, values and correlation coefficients for eacli'Feoncentration the function of the fraction reacted, from Eq.(4) anda found

Fest Correlation Apparent rate constant, experimentally. This value is found 3.370.9x 10°.

concentration (M) coefficient R?) k (1073h71)

0.10 0.998 11.669

0.25 0.996 14.408 4. Conclusions

0.50 0.999 18.137

1.00 0.999 26.942 In the present study, the dissolution kinetics of sphalerite in

Temperature, 50C; solid/liquid ratio, 20 g/L; stirrer speed, 600 rpm: particle acidic ferric chloride solution was studied. It was found that the

size, 75x 45.m. reaction rate increases with increase in ferric ion concentration,

reaction temperature, stirring speed and with decrease in solid
to liquid ratio and particle size.

097 X A shrinking core model can be used to describe the dissolu-
power (o "), respectively. _ tion kinetics of sphalerite concentrate in acidic ferric chloride
Furthermore, activation energy and the order of reaction valgqytion. The dissolution of sphalerite with acidic ferric chlo-

ues with respect to ferric ion, solid/liquid ratio and particle (jje solution was found to be controlled by the shrinking core
size also confirm to the shrinking core model for a reaction-

A i model for reaction-controlled process. Dissolution rate can be
controlled process. So, the leaching of sphalerite can be Clearl%(pressed by Eq4), which is a semi-empirical mathematical

controlled by surface chemical reactions as described by Eqqqel representing the process properly.

(4).

0.36 _ _
[1-(1- Ol)l/ 3] = kO(Fe3+) (/?S/L) 033, 0 097 Acknowledgement

% exp(—4530(yRT) t (4)

to be inversely proportional to 0.33 power ([S7]®3) and 0.97
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- Appendix A
3.60 — °
A stoichiometric coefficient of the reagent in leaching
~ solution
= 400 - Ca concentration of the dissolved reagent A in the bulk of
= the liquid (mol L=3)
. [(Fe10.36 D diffusion coefficient in the porous layer ¢t—1)
Ea activation energy of the leaching reaction (M)
440 o ke kinetic constant (M 1)
kg apparent rate constant defined in Eq. (2)]t
ky apparent rate constant defined in Eq. (3)]t
Mg molecular weight of the solid (M mot)
480 L L B B 0 initial radius of the solid particles
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 t reaction time (h)
In [Fe™] T reaction temperature (K)
o fraction extracted

Fig. 8. Plot of Ink, vs. In Clred] (temperature: 50C; solid/liquid ratio: 20 g/L; ) .
stirrer speed: 600 rpm; particle size: Z35wm). 0B density of the solid
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