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Study on the Leaching Mechanism of Refractory Niobium-tantalum Ore by
Concentrated Potassium Hydroxide
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Abstract: The leaching mechanism of niobium from a refractory niobium-tantalum ore by concentrated
potassium hydroxide was studied. The effects of stirring speed, reaction temperature, mass ratio of
alkali-to-ore, initial potassium hydroxide concentration and particle size on the leaching rate of niobium
were reported. The results show that the leaching rate is direct proportional to the inverse square of particle
diameter, and the experimental data of the leaching rate are fit to the Crank-Ginsting-Braunshtein’s
diffusion-through-layer-reaction-control model that is: 1+2(1-X)-3(1-X)?*=kt. According to the Arrhenius
expression, the apparent activation energy for the leaching of niobium is 72.2kJ-mol™. Based upon the result
of the kinetic experiment as well as the SEM and EDAX analysis results, it is proved that during the leaching
process of niobium-tantalum ore by concentrated potassium hydroxide, a solid product layer is formed on the
surface of the unreacted core and its main composition elements are iron and manganese, the diffusion of
[(Nb,Ta)s010]% through that layer is presumed to be the rate-controlling step of the leaching proces. The results
obtained in this paper provide important basis for the strengthening of the leaching process.
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Table 1 Chemical analysis of niobium-tantalum ore Table2 The content of Nb,Os in different particle size
Components Content /% niobium-tantalum ore
NbzOs 28.12 Particle sizes Nb,Os content /%
Ta,0s 28.25 N
Si0, 161 —-100/+150 / mesh 104~147 /pm 27.29
Tio, 573 ~200/+250 / mesh 61~74 /um 20.26
WO3 0.83 —250/+325 / mesh 43~61 /um 30.08
P 0.077 ~325/+400 / mesh 38~43 /um 28.71
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Fig.1 Experimental apparatus
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T=150 ; d,=43~61um; N=1100r-min%; M=82%
5 (0~15min)

71 120min
7:1 KOH



152 2005

5 1-3(1- X)¥* +2(1- X) t
3.4 KOH
KOH 6
0.12
60~ ] o M=8%
ol D/D/ 010+ o M,=70%
T —a—M,=82% = & M =62%
00 / —o—M,=70% & 0081
8 / —a—M,=62% ¥
- S 006}
< 30F g ’>l2
o
P / 5 ooAr
a ()
S
104 O/Z/A 002}
Bﬁﬁgﬁ/
ok 0.00 -
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
t/ min t/ min
6 KOH 1+2(1-X)-3(1-X)??
Fig.6 Relation between X or l+2(1—X)—3(1—X)2’3and leaching time under various KOH concentration
T=150 ; d,=43~61um; N =1100r-min™%; R=7:1
6 KOH
KOH OH
KOH
KOH 1-3(1-X)?® +2(1- X) t
KOH - -
3.5
7
80f B 00 I T,=150°C
— -
oL v . ' o T,=160°C
A—D—
60r /A 0 025} T;=180°C
%” < = °
sl ___o——* o V T4=200°C
° /078 & 0201
S 4 /D g 015
> Of ’>? ., -
aof | %
2l O Ti=150°C & olop °
ol —o— T,=160°C 0l
— — T3=180°C
or —V— T4=200°C 0.00
Ao I I I I I I I I I
0 20 40 6 8 100 120 2 0 2 4 6 8 10 12 14 1
t/ min t/ min
7 1+2(1-X)-3(1-X)*®
Fig.7 Relation between X or 1+2(1-X)-3(1-X)?*and leaching time under different reaction temperature
M: 82%; d,=43~61um; N=1100r-min™Y; R=7:1
7

1-3(1- X)?3 +2(1- X) t



19 2 153

7 1-31-X)¥* +2(1- X) t
_E E 1
k Arrhenius k=Ae R Ink=InA-=-=
R T
Ink LT 8 -25
E=8685 Ink = -8.68xT ~+15.55
30l r? = 0.9986
><R=72.2kJ-mol™* '
35}
o = 40}
45+
d,=43~61um
50}
72200 2.I10 2.I15 2.I20 2.I25 2.I30 2.I35 2.I40
1-301-X)*®+2(1- X)=5.93x10°-e RT -t (3) T%10% /K
8 Ink T7'x10°
Fig.8 Natural logarithm of reaction rate constant
4 versus T t><10°
(Fe,
Mn)O
200 KOH 200X 000 1000X oo
82
0.125mm
8
9(A)
9(B) 000X 100
10min 9(C)
60min
X-
(EDXA)
( 10) 200X To0U 1000X 00
9 SEM
Nb(37-9448) Fig.9 SEM of niobium-tantalum ore and partially leached niobium-tantalum ore
Ta(19.0035) Fe(17.9361) (A: SEM of niobium-tantalum ore; B: SEM of niobium-tantalum ore attacked for 10min;
C: SEM of niobium-tantalum ore attacked for 60min)
Mn(7.9042) Sn(13.4431)

Magnification: Al, B1, C1x200; A2, B2, C2x1000

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



154

2005 4

Ti(3.7683) 60min Nb(2.1222) Ta(1.8092)
Fe(39.2768) Mn(2.6375) Sn(0.3382) Ti(5.6915)
Fe Mn Ti Nb Ta
OH 5007  Nb 01 :: Fe
450 A 51
8 400 1 0
[(Nb, Ta)sO1q] 350 5 1 (b)
> 3001 @ z 01
2 250 g 57
S 2004 = 01
OH 150 A 51
. 100 A T Fe 0 1 Mn
[(Nb,Ta)eolg] 50 A M\:‘ Ta 57 JUL ol ;ll.u N
OH 04 : 0 T T
0.000 4.684 9.368 0.000 4.684 9.368
keV keV
8-
[(Nb,Ta)sO14] 10 EDAX
Fig.10 EDAX of niobium-tantalum ore and partially leached niobium-tantalum ore
[(Nb Ta)eolg] 8- (a) SEM of niobium-tantalum ore  (b) SEM of niobium-tantalum ore attacked for 60min
5
1
)
T 150~200 M 82% R 71
do  43~61pm
_72200
1-3(1—-X)?® +2(1- X)=5.93x10% e R .t 72.2kJ-mol™
(3) SEM EDXA
(4) [(Nb,Ta)sOg]®*
A — R — , 8.314)-mol™.K™
E — , k:mol™ t — . min
k — X _

[1] Miller G L. Tantalum and Niobium [M]. London: Butterworths Scientific Publications, 1959, 17-66.

[2] QU Nai-gin( ). Properties and applications of Ta/Nb and their alloys( ) [J]. Rare Metals and Hard
Alloys( ), 1998, 133: 48-54.

[3] Omneya Mohamed EIl-Hussaini, Mohamed Abd El-hakam Mahdy. Extraction of niobium and tantalum from nitrate and sulfate



19

2 155

[4]

(5]

(6]

(7]

(8l

[]

[10]

[11]

[12]

[13]

[14]
[15]

media by using MIBK [J]. Min Pro Ex Rev, 2001, 22: 633-650.

HE Ji-lin( ), ZHANG Zong-guo( ), XU Zhong-ting( ). Hydrometallurgical extraction of tantalum and
niobium in China ( ) [J]. Rare Metal Materials and Engineering ( ), 1998, 1: 9-14.
HE Chang-yi( ), LIU Zhi-ming( ), ZHANG Hao-jun( ). Treatment of fluorine-containing waste gas from
hydrometallurgy of tantalum and niobium ore( ) [J]. Nonferrous Metals( ), 1998, 4:
141-142.
LIU Jian-zhong( ). Status and development advices on Chian’s tantalum and niobium resources(

) [J]. Hunan Nonferrous Metals( ), 1999, 5: 60-62.
Oka Y, Miyamoto M. Extraction of tantalum and niobium oxides from columbite, . Decomposition of the ore [J]. J
Electrochem Soc Japan, 1949, 17: 63.
Bhattacharya H. Investigations on the analysis of mixed oxides of the elements of Group Vaand  Va. Part , Preparation of

pure tantalum and niobium pentoxide from India columbite and their analytical seperation [J]. J Indian Chem. Soc, 1952,
29(11): 871.

Cardon P B. Process for recovering niobium and tantalum from ores and ores concentrates containing same [P]. U S Patent, 3,
058, 825.

Dickson G K, Dukes J A. The selection of a process for development and production of pure niobium [A]. Extraction and
Refining of the Rarer Metals Symposium [C]. London: Institution of Aining and Metallurgy, 1957: 103-105.

Orekhov M A, Zelikman A N. Reaction of niobium and tantalum pentoxides with alkali solution at temperature over 100 [J].
Izv Vysshikh Uchebn Zavedenii Tsvetn Met, 1963, 5: 99-107 (in Russian).

Zelikman A N, Orekhov M A. Decomposition of tantalum concentrates by sodium and potassium hydroxides at increased
temperatures and pressures [J]. 1zv Akad Nauk SSSR Met, 1965, 6: 38-45 (in Russian).

Zelikman A N, Orekhov M A. Study on the dissolution behaviour of KgNbgO19:16H,0 in KOH solution under high temperature
[J]. 1zv Akad Nauk SSSR Neorganchieskche Mat. 1972, 8: 1451-1454 (in Russian).

Levenspiel O. Chemical Reaction Engineering, 2nd ed [M]. New York: Wiley, 1972: 249-302.

YAN Yong-hua( ), LIU Qi-chong( ), XIA Dai-kuan( ), WANG Jian-hua( ). Reaction kinetics of
phosphate ore in phosphoric acid ( ) [J]. 3 Chem Eng of Chinese Univ ( ), 1998,
12(3): 265-270.



