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Abstract — In leaching of heazlewoodite obtained by pretreatment of nickel matte, the effects of temperature and
oxidant concentration on leaching rate of nickel were investigated and kinetic parameters for selected optimum model
of leaching mechanism were calculated.

Fixed amount of heazlewoodite, contained 100-160 zm of particle diameter, was compressed to pellet shape and
leached in a mixture of FeCly, FeCl, and HCI as oxidant. The leaching rate was faster at higher temperature but activa-
tion energy for initial reaction was as low as 8 kcal/mol, which indicates its low dependence on temperature. Stirring
speed and ionic concentration of H* and Fe2+ had no significant effects on the rate and that of Fe3+ had effect on initial
rate only. The rate controlling step for nickel dissolution was judged to be the diffusion of nickel through the layer of
NiS, reaction intermediate.
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Fig. 1. Picture of Ni,S, surface by scanning elec-
tron microscope (X 4020).
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Table 1. Elemental composition of heazlewoodite

(wt%)
Element Ni Fe Co S
Theoretical 73.3 26.7
Chemical analysis 71.5 0.5 2.1 259
EPMA 71.1 0.9 2.2 25.8

Fig. 2. Experimental apparatus.

1. Flask reactor 2. Motor driven agitator

3. Condenser 4. Mercury thermometer
5. Sampling nozzle 6. NigS, pellet
7. Silicone oil bath 8. Contact thermometer
9. electric heater with temperature controller
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Table 2. Experimental range of variables

Variables Range
Temperature (°C) 50-95
Fe concentration (mol/}) 0.0-0.4
Acid concentration (N) (.1-3.0
Oxidation-reduction potential (mV) 410-930
Rotational speed (rpm) 50-500
T(°C) 100
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Fig. 3. Effect of reaction temperature on the con-
version (Fe** =Fe?*=0.1mol/Z, H*=0.5 N).
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Fig. 4. Effect of Fe®* ion concentration on the
conversion.
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Fig. 5. Effect of Fe?* ion on the conversion.

7 H+* (N)
030 130
005 8
a0.1 B
50} B8 <
E . 20 ?O
= g
& 8 =
=< 8 2
z
251 B {10
B
a Fe3+ =Fe2+ =0.1 moV/!
T=70°C
0 et 0
0 1 2 3 4 5 6 7 8
t (hr)
Fig. 6. Effect of acid concentration on the conver-

sion.
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Fig. 7. Effect of sulfur layer on the conversion.
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Table 3. Kinetic parameters calculated by para-
linear model

T(°C) 50 70 80 95
(Ni2 +/A)p, (10 mol/cm) 887 9.73 11.2 120
P, (10-5 mol/cmZ-hr) 1.21 382 691 14.6
ky,, (10-1mol%/cm?hr) 588 124 259 585
b, (um/hr) 193 6.08 11.0 232
€, (um) 84.9 93.1 107 115

D, (10-6 cm2hr) 455 17.0 354 80.1
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roum $[16_0] A% chalcopyrite FWellx Cu?*
o] 22 #FHAbLwel AR e Ve T, 5
78 Arrhenius Al 2 & 4 glt}

D,=D,, exp(-E;/RT)

=8.6x10* exp (- 15200/RT) @3

w3 P NiSFel HujirAd =9 ¥ A ¢
4224, (1542 chesh o) vehd 4 3ok

P,-=Cybr:: (CH_CM)br+CMbr (24)
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7]4, (Ca—Ci)be Fig 9ol Uieht wubsh zbo), 3
B Bl Aol ofsh A Ni*o]-&o] NigS,%0 2 3e]
NiS32 $ostod ggoo] FEue $E(F)elx
Cubs NiS 39 Ni* o] 20] g5l S=(F,) 24,
HAFANAE NiS 29 4HEEFR) 9 2ok 22
3 Fig.39) 95T < 85%2] Afgo] msid,
P.3te] zashizel, of wi Beluje) NigS,%o] Aleh
A, NiS3# §8390] o} glom, NiSEe xw
g HE(Cyb) R At

54 £

FeCl;, FeCl; % HCl¢] &3r&4ox] heazlewoo-
dite2 458 UAL A2 o oSz e A2
2t

1. 50-95C2| 2EH 9oy 257 ES4E Iz
v FrhEded, 74 x4 279 Azsre
¢ w2} A7ke] AARLE HY =g} <&
A7 73 Fells Ao dAstd®, 27kl oig
A3 oluA] e oF 8kcal/mol2A 2% 9 FE A o]
@eto B2 heazlewoodite$} £zle] =2 uhe e
el gich

2. H* 2} Fe** o] 22 heazlewoodite®] £-]uh-2o)
st g, o589 FEE SeSreks Tasly
2w, 329 el H4H fgEe w2y A
Ao nAHY ol HE SaAFtgste 512 ggich

3 AL FEEE i 45 e
ol NiSZFol4 YA ghildxzal Aoz grrsy,
paralinear 24 o] A Axje} v)FH o x)slgon, o]
22 5E kinetic WI/fHLE F8 ¢ 9gdch

K

NOMENCLATURE
A : surface area [cm?]
b : leaching rate [cm/hr]
C, : molar density of Ni S, [mol/cm?)
D : diffusion coefficient [cm%hr]
E, : activation energy for diffusion {kcal/mol)

e : thickness of layer [cm]
F, : flux of nickel ion through NiS layer
k : reaction rate constants

Ly, - layer of Ni§
R : gas constant [J/g mol-°K]
T : temperature [°C or °K]

: time [hr]

Stsl @St K28 KSS 19901 10

X

olgd - Zdel - FEA

: conversion ‘%]

Subscripts

T8 =X

10.

13.
14.

15.

16.

: heazlewoodite (Ni;S,)
: millerite (NiS)

: maximum

: reduced

REFERENCES

. Duval, C.: Traite de Micro Analyse Minerale,

Tome 3, Press Sci. Ints., Paris (1956).

. Burkin, AR.: The Chemistry of Hydrometal-

lurgical Processes, E.F.N. Spon. Ltd., London
(1966).

Jha, M.C,, Carlberg, J.R. and Meyer, G.A.: Hydro-
metallurgy, 9, 349 (1983).

Michal, E.J., Fekete, S.0. and Roorda, HJ.: U.S.
Patent, 4,214,901 (1980).

Demarthe, J.M., Sudre, P. and Petitet, X.: Calcul
de Reacteurs d Attaque de Matte de Nickel pour la
Production de Chlorure de Nickel, Project No.
19/75, ENSTA, Paris (1975).

Matyskin, Y.D. and Kashpurova, N.P.: Zhurnal
Prikladnoi Khimii, 54, 2, 252 (1981).

Ghali, E.L., Subrahmanyam, D.V., Legault, J. and
Tremblay, R.: Surface Technology, 8, 195 (1979).
Ghali, E.L., Girard, B. and Subrahmanyam, D.V.;
J. of Applied Electrochemistry, 10, 485 (1977).
Corrans, 1.J. and Scholtz, M.T.: /. of the South
African Institute of Mining and Metallurgy, 69,
403 (1976).

Bascoul, A.: Doctor Thesis, Institut National
Polytechnique de Toulouse, Toulouse, France
(1981).

. Aveyard, R. and Haydon, D.A.: An Introduction

to the Principles of Surfaces Chemistry, Cam-
bridge Univ. Press, London (1973).

. Lee, H.S.: Doctor Thesis, Institut National Poly-

technique de Toulouse, Toulouse, France (1984).
Burkin, A.R.: Min. Sci. Eng., 1, 1, 4 (1969).
Ammou-Chokroum, M., Cambazoglu, M. and Ste-
inmetz, D.: Bull. Soc. Fr. Min. Cristallogr., 100,
149 (1977).

Coole, S.: Doctor Thesis, University of Columbia
(1972).

Ferreira, R.C.H.: Doctor Thesis, University of Lon-
don (1972).

. Mulak, W.: Hydrometallurgy, 14, 67 (1985).



