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Table 1 Main chemical composition of stibnite concentrate

(mass fraction,%)

Sb S Fe o Si
42.0 26.6 14.4 8.4 5.8
. = — Stibnite
. v — Quartz low
e — Pyrite
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Fig. 1 XRD pattern of stibnite concentrate

12 KEHZE

ARSI A R AR AR, Bt SN A
A~ 800 mL FEAF T HEAT . FCH]— IR E M ERIR 400
mL, ZKHINIAEIBE R, SRGFREL 4.00 g IREEEH"
PPN o 7 N S TR T SR SRS Bt AN R R R N I S U
A ) RS EAT B RE R R R R, R
HERTRAE D DU R, OIS E] 50min, &2 H S
Pt 10 min B0 KFF, Wik JExn HogkAT ICP 404,
S AR, HEAT I 2 B8, B O B R U RR,
RV 70 CRHET 12 h, X550 13T XRD. ICP
J XRF 50, I RSB R H 2

¢V +Zci~V0
X=—- T 100% (1)
m-w
V—V'—6Vy)-i
Vl:V_M_VO.i )

b XOWBRIR IR @ R REG ¢ W5 i Ik
BRI B IIRIE: v N B R VO i

DI ARL Vo IARRRIREARRL: V" iRt e
B m QN PR (Rt s w AR R B i

HEL %

2 HRSIHE

2.1 REXHRBIT AR HFER

FEERIRIR I A 4.50 mol/L AR &4 2.0 L/min.
PR E 500 r/min. #5304 35, 45, 55, 65, 75
185 CIIFAT T, AT RA AR BRI (1525,
gERE 2 Fron. W 2 nran, MB35 CTh e
F 85 CHf, ¥ 50 min Ji7, BHZ H R 37.02%4¢ 5
F 65.38%, Tt il BB 5 R RE HAT B A
HEAER o 302 DR A il BEANA S5 B A8 g 1 i 2 3 gkt
REHA G, 1 HIE LS 5 ) S AR
4

100
—a—385°C
gof —®75C
e —A—65C
S —¥—55C
S 60F —€—45C
& —<4-35C
=
S 40f
Q
—
20F
0 10 20 30 40 50
Time/min
B2 ANEREEE ¥ 2 I ] 08 &
Fig. 2 Relationships between leaching rate and time at

different temperatures
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Table 2 Main chemical composition of leaching residue

(mass fraction,%)
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Fig.3 XRD pattern of leaching residue
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Fig. 4 SEM image of leaching residue
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Fig. 5 Relationships between 1—(1—x)"*+g[1-2x/3—(1—x)**]

and time at different temperatures
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Fig. 7 Relationship between leaching rate and time at

different hydrochloric acid concentrations

BT 1-(1-0" + gll-2x/3-(1-x)*"3] 5}
IR SC R (LIS 8)o

e
9

= 3.00 mol/L, #*=0.99398
®3.75 mol/L, r*=0.99307
44.50 mol/L, *=0.98490

0.6 F v
v525mol/L, #=098247 &7 _
[ 3

—
o
Q
Y
i
—
\I/
r'd
2 0.5 G -
z
(I\l ;// //
- 04F LAl
7. °® -
X -, o
+ ¢z =
< 03 * - -
= Or /e -
= sz - P S
i 2= -
\I-/O.Z' é’ _
— Pl
d

0.1

8 AREZERIKET 1-(1—x) "+ 1-2x/3—(1-x)*] 5 It ]
{IP S
Fig. 8 Relationships between 1—(1—x)"*+8[1-2x/3—(1-x)*?]

and time at different hydrochloric acid concentrations

222 SRR

TR ER 75 Cy ERhIRIRSE R 4.50 mol/L. i FEik
J% 500 r/min. AR5 54 1.0.1.5.2.0 £ 2.5 L/min
AT, TR RSB R I, 45
B9 Bim. HIE 9 v, 4UiErE 1.0~2.0 L/min )55
I, A R 1R O AR A B e e ik
YRS, T4 s 2.0 Limin J5, 4R80T &
XPERIRE A LA A o 3K BT — e R
P A AL SR 2 1A S 5 OV, i BLrl
DGR A R il 133l B0 Hh ) S5 I B
Fefl L%, AR s M AT o (2, M
2.0 L/min J&, RASERNY)IZ M OS KR
gy, FTLL, AR AR R I RCRA .

RAEE 9 g x HIE ¢ KR, A%
W 1.0~25 L/min (04 F 47 1-0-x0)" +
Pll=2x/3—(1-x)*"* AL, B8R R I
AT 1-(1-x)"3 + pl1-2x/3-(1-x)*3] HIf ] (1)
KE (W 10).



1246 hEA SR R 2018 4 6 H
100 100
ety Y —=— 300v/min
80F  ——2.0L/min 80 —e— 400r/min
X —v—2.5L/min S —4— 500 r/min
) o —v— 600 r/min
s 60f g 60
g 2
S 40 S 40t
3 g
— —
20F 20
0 10 20 30 40 50 0 10 20 30 40 50
Time/min Time/min
9 AR TR TR SR 1 ARFIBEHEERE T 110" 41203~ (1) 51
Fig. 9 Relationship between leaching rate and time at IIPSES

different gas flow rates
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Fig. 11 Relationship between 1—(1—x)"+g[1-2x/3—(1-x)**]

and time at different stirring speeds
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Fig. 12 Relationship between leaching rate and time at

different stirring speeds
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Table 3 Linear equations and linear correlation coefficients at

different conditions

Factor Linear equation Corre¥ati0n 5
coefficient, »
HCI concentration, ¢~ Ink=2.28 Inc—10.81 0.97082
Gas flow rate, Q Ink=0.78 InQ—5.48 0.94388
stirring rate, v Ink=1.29 Inv—13.03 0.83846
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Fig. 13 Verification plot of overall dynamic equations
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Ozonation synergistic leaching Kkinetics of
stibnite in system of hydrochloric acid

TIAN Qing-hua"**, WANG Hao', WANG Heng-li', XIN Yun-tao', GUO Xue-yi"*?

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Hunan Key Laboratory of Nonferrous Metal Resources Recycling,
Central South University, Changsha 410083, China;
3. Hunan Engineering Research Center of Nonferrous Metal Resources Recycling,

Central South University, Changsha 410083, China)

Abstract: A kinetic study method was used to study the synergistic oxidation and leaching of lanthanide with ozone in
the hydrochloric acid system. The factors affecting the leaching rate such as temperature, concentration of hydrochloric
acid, gas flow rate and stirring speed were investigated. On this basis, the kinetics of the leaching process was calculated.
The results show that the antimony extraction is 59.13% after leaching for 50min at the conditions of temperature 75 ‘C,
hydrochloric acid concentration 4.50 mol/L, gas flow rate 2.0 L/min, and stirring speed 500 r/min. The process is
consistent with the shrinkage model, the process reaction rate is controlled by the mixing process, the apparent activation
energy calculated is 15.98 kJ/mol, and the general equation of dynamics of the leaching process is finally established.
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