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Atmospheric direct leaching kinetics of
zinc sulfide concentrate in oxygen-rich sulfuric acid system
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Ganzhou 341000, China;
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Abstract: The atmospheric direct leaching (ADL) kinetics of zinc sulfide concentrate in oxygen-rich sulfuric acid system
was studied by the integration of atmospheric leaching and pressure leaching. The results show that the extraction of zinc
is controlled by interface chemical reaction and the apparent activation energy of leaching reaction is calculated as
(44.28+4.28) kJ/mol. The leaching rate of zinc at the bottom of ADL tank is much higher than that at the top of ADL tank
and it is improved greatly with the increase of the slurry pressure at the bottom of ADL tank. The kinetic equation for zinc
leaching at the bottom of ADL tank was further established by quadratic regression on the basis of shrinking core model.

The influence of temperature on the extraction of zinc at the bottom of ADL tank is greater than that of slurry pressure.
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Table 1 Kinetics parameters for atmospheric leaching of ZnS
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Leaching system Model applied Activation energy/(kJ-mol ) Reference
HCI SCM with chemical reaction control 45.30 [15]
HCI+NaClO; SCM with chemical reaction control 41.10 [16]
SCM with chemical reaction control 39.09 [17]
SCM with chemical reaction control 44.80 [18]
HC1+F€C13

SCM with diffusion control 49.20 [19]
SCM 39.0-81.0 [14]
Crank-Ginstling and Brounschetein model 77.5-102.5 [20]
FeCl SCM with mixed control 469 o1

(diffusion and chemical reaction) '

. . . (33.0+4.0) for the fast Zn dissolution rate;

HCI traight-1 terpolat th 22
Clo, Straight-line interpolation method (34.0:44.0) for the low Zn dissolution rate 122}
SCM 41.0-72.0 [14]
SCM 46.0 [23]
HS0+ SCM with chemical reaction control 44.0 [24]

Fey(SO,); '
First stage: SCM with chemical reaction control 27.5 [25]

Second stage: SCM with diffusion control 19.6
H,SO,+H,0, SCM with chemical reaction control 50.0 [26]
T<<331 K: SCM with chemical reaction control 5275

H,S0,4+0, T>338 K: SCM with mixed control (diffusion and 1 ’ 07 [27]

chemical reaction
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Table 2  Main chemical composition of zinc sulfide

concentrate (mass fraction, %)

Zn Fe Pb S Si Others

46.83 7.62 2.41 28.08 1.96 13.10

' 5 * =— Sphalerite
v e— Pyrite

4 — QGalena
v— Pyrrhotite
*— Quartz
*— Calamine
o— Talc
o— Gypsum

A . L
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260/(°)
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Fig. 1 XRD spectrum of zinc sulfide concentrate
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Fig. 2 Schematic diagram of atmospheric oxygen-rich direct

leaching of zinc sulfide concentrate
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Fig. 3  Atmospheric leaching results of zinc sulfide

concentrate
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Table 3 Leaching rate of zinc under different temperatures

and slurry pressures
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Fig. 4 Effect of slurry pressure on zinc extraction at different
temperatures: (a) 7=358 K;; (b) 7=368 K; (c) 7=378 K

Leaching Slurry pressure/ Leaching rate,
temperature/K MPa k/min”"
0 0.019
0.3 0.06
358
0.4 0.08
0.5 0.11
0 0.033
0.3 0.10
368
0.4 0.13
0.5 0.19
0.3 0.14
378 0.4 0.17
0.5 0.24

2.2 RIS

TR ALEERE A (ZnS) FER R A ot h AR N K
BT AR A s, R RN T BRI (D s
ZIIS(S)+H2 SO4(aq)+ 1/202 —> ZIISO4(aq)+SO(S) +H20(aq) ( 1)

B BB BRI JE S W okb A2 (et e, 2R mT
FHA TETAHF= 94 ) SCM AR R4 A

B b By Y NI g FANE 25 Y ¥y =l
DL ZRUNR

1= (1-x)? = Ko, )
Pro

K x WERR AR kN TS ROV IR TG 7

ATACEER PO FIWIIERIARs  co IWIURTRIRIRE ;

p NERALER W5 S s ¢ i ]

M R I T AR = ) T O R N,
RITRERIEAN
2D, 3)
Pro
K DABRER 7 18 ik BT 2 A 3 R A

PRI 4 T I A eris o 23 AR AN K
(QFI3), SRR, HAF i s N4 68 7 2
M2 A BAT R AF ek ME SR (LA S).

2 2/3
1= Zx—(1-n*3=
3 (1-x)



3444 TEA (R AR 2013 4E 12 A
0.06 A 0.28 B
a — A
=348 K 1=(1-x,,)'3=1.35X 107, " 358K  1_(1—y )= % 107
005F  ©358K R=0.99 024F o3egg U xZ“)Rzosg'gO e
4368K \ A378K :
020
. 004t ;. . © N
= 1=(17x7,) =9.52X107¢, "2 0.16 F1-(1-x,,)"3=3.88 X 1074,
20,031 R=0.97 ° I R=0.9 {
=t . o - T o012} s
= 0.02f o 0.0sk a2 )
6 n ’ A - \
0.01F+ 1-(1-x,,)13=6.96 X 10°5¢, 0.04F 1-(1-x,,)13=2.54 X 107,
R=0.99 R=0.99
0 60 120 180 240 300 360 420 0 120 240 360 480
t/min t/min
L(c d
0.35 (.)358 < . . A 0.6 |(d) . 358K 1-(1-x,,)=1.28X 10, ,
0.30}F 0368 K 1_(1_)(?2“)]{_:79.86)( 107, 05k 0368 K R=0.97 A
ool A378K - o 4378K \
= 1-(17x,,)B=5.23 X104, ¢ ° = 04F 1  ingagx 04 °
) a = 03r
I o015} 5 . T I
A 02+ 4
0.10
A o . LN o °
0.05+ ] 1_(1_xZn)1/3:3'04 X 10_41, 0.1F 3 -
. 1 R=0.99 " 1-(1-x,)?=4.02 X107, R=0.99
0 120 240 360 480 0 120 240 360 480

t/min

5 A IS MR 13 5 thek

t/min

Fig. 5 Plots of zinc leaching kinetics at different slurry pressures: (a) p=0 MPa; (b) p=0.3 MPa; (c) p=0.4 MPa; (d) p=0.5 MPa
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Fig. 7 Backscattered electron image(a) and
elemental surface distribution((b)—(e)) of

sphalerite in leaching residue
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Table 4  Quadratic regression results of zinc leaching

dynamic data
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0 a b coefficient, R value
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