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Kinetics of scheelite concentrate leached by
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Abstract: The leaching kinetics of scheelite concentrates by sodium phosphate in the absence or presence of ultrasound
was approached. The influences of leaching temperature, Na;PO, concentration, NaOH concentration and particle size of
mineral on the leaching rate of scheelite concentrate were investigated. The results show that ultrasound accelerates the
leaching rate of the scheelite concentrate. The diffusion through the solid film is the rate limiting step in the
decomposition process of scheelite concentrate in the absence of ultrasound. In the presence of ultrasound, the rate
limiting step changes from the diffusion through solid film to the chemical reaction, and the apparent activation energy
changes from 78 to 50 kJ/mol. Compared with the results in the absence or presence of ultrasound, the apparent reaction
order of NaOH decreases from 0.34 to 0.07, and the apparent reaction order of Na;PO,4 decreases from 0.39 to 0 when the
concentration of Na;POy is up to 0.2 mol/kg.
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Table 1 Chemical content of scheelite concentrate with

different particle sizes

Size/um Ww(WO3)/%
80—-100 63.60
58-80 64.06
45-58 68.55
38-45 68.70
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Fig. 1 XRD pattern of scheelite concentrate
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Fig. 2 Schematic diagram of experimental device of

ultrasonic leaching dynamics experiment
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Fig. 3 Effect of temperature on leaching rate of scheelite

concentrate: (a) Without ultrasound; (b) With ultrasound
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Fig. 4 Lincar relationship between 1-2/30—(1-)*® and

leaching time for leaching of scheelite concentrate at various

temperatures: (a) Without ultrasound; (b) With ultrasound
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Fig. 7 Effect of Na;PO, concentration on leaching rate of
scheelite concentrate: (a) Without ultrasound; (b) With

ultrasound
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Fig. 8 Determination of reaction order with respect to Na;PO,

concentration in absence of ultrasound
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Fig. 9 Effect of NaOH concentration on leaching rate of

scheelite concentrate: (a) Without ultrasound; (b) With

ultrasound
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Fig. 11 Effect of concentrate particle size on leaching rate of
scheelite concentrate: (a) Without ultrasound; (b) With ultrasound

2.0} (a) )

0 5 10 15 20 25
72107 um 2

0.05F (b)

0 001 002 0.03 004 005
ro'l/pm'l

12 R8N HL K 5 TRAR rg IR R
Fig. 12  Relationship between K and ry: (a) Without
ultrasound; (b) With ultrasound

2.5 AR AEXMEL
MG (DANS), Tokd & sl J15 TR
ATELRIR A

1=2a-(-a =k =221
3 Py
B n, -2
—C"ry " exp[-E /(RT)])t (6)
el

b B AP RO R i dEar A 1
WG GYMS), AT B T A it z)
1205 R LIRS

"4
1-(1-a)"” =kt = KCE_ A ont exp[—E (RT))t
hp P

(7)

FEAN ) 25 AT TG 75 3 R0 AR 75 A R 15 3
1) SE 56 i 3 AR A (6)F1(7), 3l 2] 13
14. M 13 F1 14 ATLLE Y, SEIE R R A A0 7
LR PR R B R*>0.98 (L H . M YELE
KEB B TH S WRAIEMN X6 Bp A 92.19
mol *Pkg" P mm*s Ty M EG A WAEH T, X
Na;PO, W5 0.2 mol/kg N, ST & HI LA |
B, "IN R 0, Bl (7)h Ao/p
3 6.20 mol 7 -kg"7-mm-s ™',

FRF SRAF I SN A V51 BE 2 Ao/p R Blp {H,
EH T AYER T, NasPO, A1 NaOH FE [ 73 fif 1
BB ) TR A R s A

0.008
S 0.006F
|
T
& 0.004
&
i
0.002}
0 2X1075 4X105 6X1075 8X107 10X 1075
) ~78000
o, s exp| Tyt
13 LA IENT NasPO, 4 A ST £ &

(- : 34 —78000 o
e e R

Fig. 13 Relationship between 1-2/3a—(1-a)** and

B —78000
039 034 2
Na,P0, “NaoH’0 p 8 314T

decomposition process of scheelite concentrate by Na;PO,

)t in absence of ultrasound in



1614

A G A R

201446 H

0.16

0.12

0.08

1-(1-a)'?

0.04

0 0.005 0.010 0.015 0.020 0.025
- -50000
CI%%H’O ! exp(m)t
HHBAEMMENT NayPO, 70 A 44 &
1-(1=)'® 55 007 -1 exp(;ZOOOO)t e F

7
NaOH'0 14T

& 14

Fig. 14 Relationship  between  1-(1-0)"®  and

-50000
8.314T

Cﬁ%Hrglexp( )t in presence of ultrasound in

decomposition process of scheelite concentrate by Na;PO,

TR ARAE R,
l—za—(l—a)m _
3
_ —78000
9219C ko, b oo Sar |1 ®)
AP,
1/3 0.07 -1 —50000)
I-(l-a) " =6.20C exp| ——— |t 9
( ) NaOH'0 Xp[8.314T )

3 Zig

b=}

1) B I A A R A0 At sk e el s o
AR A RN, O R R TR AL RE AN 78
kJ/mol F#IX % 50 kJ/mol.

2) EEE PRSI T RV X NasPO, Al
NaOH ¥ 5 [IHAME, 24 NasPO, # T 0.2 mol/kg
Je, RMNEN 0.39 BEKA 0, NaOH ¥ % 5210 1)
SN 2K 0.34 KA 0.07.

REFERENCES

(1] FEE S, A EES LA = R R EE,
2011, 26(3): 3-4.

[10]

[11]

[12]

[13]

China Tungsten Industry Association. “12th Five-year”

development program of China tungsten industry[J]. China
Tungsten Industry, 2011, 26(3): 3—4.

MARTIN J P. Kinetics of soda ash leaching of low-grade
scheelite concentrates[J]. Hydrometallurgy, 1996, 42: 221-236.
RAJ P S. Modern hydrometallurgical production methods for
tungsten[J]. JOM, 2006, 58: 45—49.

B, EA, AR BRI M AT KA 2R
[7]. A 4247, 2008, 18(2): 356-360.

ZHAO  Zhong-wei, CAO  Cai-fang, LI  Hong-gui.
Thermodynamics on soda decomposition of scheelite[J]. The
Chinese Journal of Nonferrous Metals, 2008, 18(2): 356—360.
Bk, FE, B R A% M]. KPP R
J24t, 2010: 98-100.

LI Hong-gui, YANG lJian-gao, LI Kun. Tungsten metallurgy[M].
Changsha: Central South University Press, 2010: 98—100.
ZHAO Zhong-wei, LI Jiang-tao, WANG Shi-bo, LI Hong-gui,
LIU Mao-sheng, SUN Pei-mei, LI Yun-jiao. Extracting tungsten
from scheelite concentrate with caustic soda by autoclaving
process[J]. Hydrometallurgy, 2011, 108: 152—-156.

LI Hong-gui. Production of high purity APT from scheelite and
complex tungsten raw material with high Mo content[J].
Transactions of Nonferrous Metals Society of China, 2004,
14(2): 367-369.

ZHAO Zhong-wei, LIANG Yong, LIU Xu-heng, CHEN Ai-liang,
LI Hong-gui. Sodium hydroxide digestion of scheelite by
reactive extrusion[J]. International Journal of Refractory Metals
and Hard Materials, 2011, 29(6): 739-742.

SINGH G R. Effect of normality, temperature and time on the
tungsten losses in the residue separated from diluted scheelite-
slurry-in-NaOH after digestion[C]// Proceedings of the 2006
TMS Annual Meeting. San Antonio: The Minerals, Metals and
Materials Society, 2006: 1094—1105.

ZHAO Zhong-wei, LI Hong-gui. Thermodynamics for leaching
of scheelite-pseudo-ternary system phase diagram and its
application[J]. Metallurgical and Materials Transactions B, 2008,
39:519-523.

LI Hong-gui, LIU Mao-sheng, SUN Pei-mei, LI Yun-iao.
Caustic decomposition of scheelite and scheelite-wolframite
concentrates through mechanical activation[J]. Journal of Central
South University of Technology, 1995, 2(2): 16—20.

A, R, AR BRI SR AT I AT A A
). WA 48 5044, 2005, 33(1): 1-4.

WANG  Shi-bo, ZHAO  Zhong-wei, LI  Hong-gui.
Thermodynamic analysis
scheelite[J]. Rare Metals and Cemented Carbides, 2005, 33(1):
1-4.

MR, b, MRER, B8R BIRR eI L Rk
M]. dbxnt: W4 Tk RR A, 1998: 195-200.

on phosphate decomposition of



524 %5 6

UL, A5 A EAIEHF NasPO, S VI 103 0%

1615

[14]

[15]

[16]

[17]

CHEN lJia-yong, YANG Shou-zhi, KE Jia-jun, MAO Ming-hua.
The development of hydrometallurgy[M]. Beijing: Metallurgical
Industry Press, 1998: 195-200.

ZOET f, FROR, dME. BRI B R
FKICY HHACEBAERH ) HERESRIE. bt |
B 5 (< 2 2%, 2010: 265-268.

LI Jun, DING Wei, GUO Rong-jin, LIU Heng-song. Research on
the decomposition process of tungsten ore-containing high
calcium by H3;PO4[C]/ Proceedings of the 8th Annual
Conference of Chinese Nonferrous Metals Society. Beijing: The
Nonferrous Metals Society of China, 2010: 265—-268.

S BB M]. Kb TR LR AR AL, 1987
293-295.

MO Ding-cheng. Metallurgical kinetic theory[M]. Changsha:
Central South University of Technology Press, 1987: 293-295.
EUNG H C. Kinetics of sodium carbonate leaching of
scheelite[J]. Journal of Metals, 1988, 40(7): 32—34.

ZHAO Zhong-wei, DING Wen-tao, LIU Xu-heng, LIANG Yong.

Effect of ultrasound on kinetics of scheelite leaching in sodium

[18]

[19]

[20]

[21]

hydroxide[J]. Canadian Metallurgical Quarterly, 2013, 52(2):
138-145.

MARTINS J P. Kinetics of soda ash leaching of low-grade
scheelite concentrates[J]. Hydrometallurgy, 1996, 42: 221-236.
ZHAO Zhong-wei, LIANG Yong, LI Hong-gui. Kinetics of
sodium hydroxide leaching of scheelite[J]. International Journal
of Refractory Metals and Hard Materials, 2011, 29: 289-292.
GAO Hao-qi, SU Yuan-fu. Kinetics of the decomposition of
scheelite concentrate by leachex process[J]. Journal of Chemical
Industry and Engineering, 1991, 6(1): 70—-79.

MARTINS J P, MOREIRA A, COSTA S C. Leaching of
synthetic scheelite by hydrochloric acid without the formation of
tungstic acid[J]. Hydrometallurgy, 2003, 70: 131-141.

2097, 1 2 ak BB IRSD N HRIRE L A Ko
LI P EENE, 1989(2): 7-13.

PENG Shao-fang, XIANG Lan, ZHANG Zhao. Research on HC1
digesting scheelite concentrates process by ultrasonic[J]. China
Tungsten Industry, 1989(2): 7—13.

(RiE FRITE)



