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L, SRV A S 20.00%FF K2 5.13%, 4HEI IR N 75.90%FE 5 5 95.38%.
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Table 1  Chemical composition of molybdenum concentrate
(mass fraction, %)

Mo S Cu Fe CaO MgO SiO, AlLO3

39.27 29.73 0.66 3.04 523 429 977 024
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Fig.1 XRD pattern of low grade molybdenum concentrate
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Fig. 2 XRD patterns of molybdenum calcine and residue of
direct ammonia leaching: (a) Residue of direct ammonia

leaching; (b) Molybdenum calcine
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Table 2 Effect of type of pretreatment reagent
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Pretreatment Mo retention rate during Mo content in ammonia Ammonia leaching Comprehensive

reagent pretreatment/% leaching residue/% rate/% recovery rate/%
HNO; 86.06 423 97.30 83.73
HNO;+NH4NO; 98.19 5.13 97.14 95.38
HNO;+NaNO; 91.84 4.88 97.28 89.34
HNO;+KNO; 94.93 4.79 97.32 92.39
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Fig. 3 Effect of HNO; concentration on molybdenum
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Table 3  Effect of pretreatment temperature on molybdenum leaching

Pretreatment Mo retention rate during Mo content in ammonia Ammonia leaching Comprehensive
temperature/'C pretreatment/% leaching residue/% rate/% recovery rate/%
25 62.34 16.74 78.07 48.67
30 66.87 17.34 78.45 52.37
50 95.27 12.65 91.40 87.08
70 96.32 8.77 94.70 91.22
90 98.19 5.13 97.14 95.38
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Table 4 Effect of pretreatment time on molybdenum leaching

YV, LR HNOs S8R SO AR IR SN, A
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w2, Rk A EE Rl R R T .
I, TR T B LA 301,

gE TR TR, TARER ) S A PR A HNO, W
120 g/L, NH,NO; K% 100 g/L, =R 90 'C, W
LG 3:1, WA 120 min, 7E0CECAEN, FRALFE
FREHLR %0 98.19, AL~ 2 T R AH g [
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24 TALIEHER

HNO3/NH,NO; Tl b #LEH K5 b mT DL e 205 I 7%
R . X HNOy/NHNO; FALH 5 (R HEA T
e b, HEE BRI 6. R 6 A%, FALH L

Pretreatment Mo retention rate during ~ Mo content in ammonia Ammonia leaching Comprehensive recovery
time/min pretreatment/% leaching residue/% rate/% rate/%

30 95.26 10.81 93.05 88.64
60 96.14 6.88 95.99 92.28
90 96.13 5.42 96.96 93.21
120 98.19 5.13 97.14 95.38
150 98.09 4.94 97.30 95.44

RS TRAL TR I LR BRI H 5 i

Table 5  Effect of liquid-solid ratio of pretreatment on molybdenum leaching

Liquid-solid ratio of Mo retention rate during Mo content in ammonia Ammonia leaching Comprehensive

pretreatment pretreatment/% leaching residue /% rate/% recovery rate/%
1:1 96.40 13.78 88.74 85.55
3:1 98.19 5.13 97.14 95.38
5:1 95.86 5.00 97.21 93.19
7:1 94.41 4.53 97.49 92.04
9:1 92.49 4.23 97.64 90.31
% 6 HNO3y/NH,NO; ¥R UL F AR
Table 6 Effect of pretreatment in HNO3/NH4NOj3 solution
Mass fraction/%

Dissolution rate during

Flement Molybdenum calcine before pretreating ~ Residue produced by pretreating pretreating/%
Mo 45.59 50.01 1.81
Ca 5.59 1.55 75.71
Fe 3.79 1.09 74.81
Cu 0.79 0.079 91.24
Mg 4.4 2.30 54.21
Al 1.49 1.20 29.45
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final ammonia leaching

3 #ig

1) RAMEG T 2 A B S AR, BTt
AT KRR IR L, SECTHR MR, G
BRI, R, DAZ5CR sk il 18 i 4R
R, IR R

2) K H HNOy/NH,NO; Fildb #1 5 Ak HAIG i A7 £
Rt W H L2442 HNO; IKJE 120 g/L. NH,NO;
WREE 100 g/L [E L 3:1. 2 H 1] 120 min, 32 HHiE
J£90 Co R T 24T, HHIEIERIEE] 95.38%.

3) AT XRD AR W AR RS b 4
it HNO3/NH,NO; THALERJ5, MEATEHER £h 56 & h
S TEOKIEIR, S TR,

REFERENCES
(11 a1 8, B, JAIKGE, 5 X AR R a0 0 2

BRI [T]. A 48 GEN ), 2008(6): 6-9.
YU Juan, YANG Hong-ying, ZHOU Chang-zhi, CHAI Shuang.

Experimental study on separating a refractory copper-
molybdenum mixed ore[J]. Nonferrous Metals (Mineral
Processing Section), 2008(6): 6—9.

[2] CAO Zhan-fang, ZHONG Hong, QIU Zhao-hui, LIU Guang-yi,
ZHANG Wen-xuan. A novel technology for molybdenum
extraction from molybdenite concentrate[J]. Hydrometallurgy,
2009, 99(5): 2-6.

[31 H # wmRR, K MR & F DOEM, OB, W,

WRVEES. A A AL RS S8 A e AR K S AT 20 (0], AT
{64 J8 244K, 2014, 24(12): 3115-3122.
GAN Min, FAN Xiao-hui, ZHANG Lin, JIANG Tao, QIU
Guan-zhou, WANG Yong, DENG Qiong, CHEN Xu-ling.
Reaction behavior of low grade molybdenum concentrates in
oxidation roasting process[J]. The Chinese Journal of Nonferrous
Metals, 2014, 24(12): 3115-3122.

[4] JOSEPH D L, LEONID N S. Thermodynamic modeling of
atmospheric hydrometallurgical removal of[J]. Hydrometallurgy,
2014, 150: 9-13.

[5] VANDENBERGA J A M, YANG Y. NAUTA H H K, VAN
SANDWIJK A, REUTER M A. Comprehensive processing of
low grade sulphidic molybdenum ores[J]. Minerals Engineering,
2002, 15: 879—883.

[6(] KUMAR M, MANKHAND T R, MURTH D S R,
MUKHOPADHYAY R, PRASAD P M. Refining of a low-grade
molybdenite concentrate[J]. Hydrometallurgy, 2007, 86(2):
56-62.

[71 RS, G O, FEBRIR, POON. IR ELE MRS Al

T2 THEAA GRS, 2013, 23(7): 2012-2018.
YANG Hong-ying, YU Juan, TONG Lin-lin, LUO Wen-jie.
Purification process of low-grade complex molybdenite
concentrate[J]. The Chinese Journal of Nonferrous Metals, 2013,
23(7): 2012-2018.

[8] WANG Ming-yu, WANG Xue-wen, LIU Wan-li. A novel
technology of molybdenum extraction from low grade Ni-Mo
ore[J]. Hydrometallurgy, 2009, 79(2): 126—130.

[9] CHEN Yun, FENG Qi-ming, SHAO Yan-hai, ZHANG Guo-fan,
OU Le-ming, LU Yi-ping. Investigations on the extraction of
molybdenum and vanadium from ammonia leaching residue of
spent catalyst[J]. International Journal of Mineral Processing,
2006, 79(1): 42—-48.

[10] Bk 8 i e il A R A 3 L S 5 A ™ SRR ).
FEAENE, 2011, 35(5): 4-6.

CHEN Min. New technology and production practice on the
recovery of ammonia leaching residue from molybdenum
resources[J]. China Molybdenum Industry, 2011, 35(5): 4—6.

[11] L, 2 K, X4 BRETIAEB RSN FT]. e L,
2010, 33(1): 8-10.

SUN Kai-xue, JIANG Tai, LIU Zhi-quan. Research on acid salt
pretreatment[J]. Hebei Chemical, 2010, 33(1): 8—10.
[12] FEEIE. 2™ e ol HH I B I TUAL B R Fh AT 5 0], v 1



55 26 55 2 3] H %, 5F: HNOs/NHGNO; Fitdb B T 25 AL R R 477

£Hlk, 2000, 24(6): 42-44. [14] FORWARD F A, WARREN I H. Extraction of metals from
XUE Xia-ying. Study on the species of adding acid in the sulphides by wet methods[J]. Metallurgical Reviews, 1960:
pretreatment of acid and salt on the production of high purity 137-164.
ammonium molybdate[J]. China Molybdenum Industry, 2000, [15] PRASAD P M, MANKHAND T R, PRASAD A J K.
24(6): 42—44. Molybdenum extraction processes: An overview[J]. National
[13] SAHA A K, SRINIVASAN S R, AKREKAR D D. Acid Metallurgy Laboratory Technical Journal, 1997, 39(2): 39-58.
treatment for purification and enrichment of low-grade [16] AR, #HindM]. Kb Jrg ke itt, 2002: 69-73.
molybdenite concentrate[J]. National Metallurgical Laboratory XIANG Tie-gen. Molybdenum metallurgy[M]. Changsha:
Journal, 1985, 27(3/4): 46—55. Central South University Press, 2002: 69—73.

Strengthening leaching for low grade molybdenum calcine by
HNO3;/NH4NOj; pretreatment technology

GAN Min"2, ZENG Jin-lin', FAN Xiao-hui', ZHANG Lin*, CHEN Xu-ling',
WANG Yong?, DENG Qiong', WANG Hai-bo'

(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
2. Daye Non-Ferrous Metals Group Holdings Co., Ltd., Huangshi 435100, China)

Abstract: Molybdenum was extracted by hydrometallurgy leaching from low grade molybdenum calcine. The mineral
compositions of the calcine roasted from low grade molybdenum concentrate were tested by X-ray diffraction. The results
indicate that the leaching rate by ammonia is low because of the existence of molybdate and low state of molybdenum
phase in the molybdenum calcine. The strengthening leaching for low grade molybdenum calcine by HNO3;/NH4NO;
pretreatment was investigated. The results show that the undissolved molybdate is translated into dissolved molybdate in
ammonia leaching by the HNO;/NH4NO; pretreatment. Meanwhile, the loss of molybdenum is restrained with the effect
of acid and salt. Thus, the comprehensive recovery rate of molybdenum is improved. The operating parameters of
optimum process is established as follows: HNO; concentration is 120 g/L, NH4;NO; concentration 100 g/L, liquid-solid
ratio 3:1, pretreating time 120 min, reaction temperature 90 “C. Compared with the direct ammonia leaching without
pretreatment, the molybdenum content in the ammonia leaching residue reduces from 20.00% to 5.13%, and the
comprehensive recovery rate of molybdenum increases from 75.90% to 95.38% with the processing of
pretreating-ammonia leaching.

Key words: low grade molybdenum concentrate; molybdenum calcine; undissolved molybdate; pretreatment; ammonia

leaching
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