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Optimization of the Molybdenum-Bismuth-Sulfur Beneficiation Process at Huangshaping Concentrator
ZHANG Yongzhong' ., XIAO Shunyuan®*, HE Zhan®, JI Daohe' . CHEN Pengfei'
(1.Hunan Nonferrous Metals Holding Group Co., Ltd., Chenzhou, Hunan 424400, China;
2.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China)

Abstract: Based on the problems at the Huangshaping Polymetallic Concentrator, where excessive use of sodium sulfide in the
bulk flotation process led to difficulties in bismuth-sulfur separation and the accumulation of a large amount of low-grade
bismuth middlings, process optimization research for molybdenum-bismuth-sulfur separation was carried out following a
process mineralogy study of the raw ore. The results show that the raw ore contains 0.061% of Mo and 0.048% of Bi. Using
reagents Bl1l and CK-S and adopting the process flowsheet of grinding-iron removal-molybdenum-bismuth iso-flotation-
separation of Mo-Bi bulk concentrate-sulfur flotation from iso-flotation tailings, a molybdenum concentrate with a grade of
38.57 %Mo and a recovery rate of 45.10% has been obtained, as well as a bismuth concentrate with a grade of 37.21% Bi and a
recovery rate of 68.38%. The tailings from Mo-Bi flotation can be further processed through one roughing, three cleaning, and
two scavenging stages to produce a sulfur concentrate with S grade of 23.17% and a recovery rate of 32.66%. Compared with
the original process, the new process significantly increases the bismuth grade from 4.86% to 37.21%, and adds a saleable
sulfur concentrate product. Efficient recovery of bismuth and sulfur has been achieved, effectively solving the problems of low
recovery rate and serious resource waste in the original process.
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Fig.1 Process flow of raw ore sample

preparation for test
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Table 1 Semi quantitative analysis results of X-ray

fluorescence spectra of samples

TTHE T/ % TLHE T/ %
Ca0 31.71 S 0.066
Si0, 26.96 Mo 0.054
Fe 11.63 Cl 0.047
F 15.30 Bi 0.040
Al O 5.15 TiO, 0.032
MgO 1.13 Zn 0.023
MnO 1.11 P 0.007
Na; O 0.58 Rb 0.013
K, O 0.53 Pb 0.008
Sn 0.20 Sr 0.004
WO 0.23 Zr 0.001

x2 HRPEIEALEZFSTESNER
Table 2 Main chemical multi-element analysis

results of the sample

4oy RE R4 Hor wht/ %
CaF, 20.170 MgO 1.260 0
Bi 0.041 C 0.550 0
Mo 0.061 K20 0.500 0
WO 0.240 Na; O 0.370 0
Sn 0.220 S 0.077 0
CaO 30.680 p 0.009 6
SiO, 28.940 As 0.003 9
Fe 14.410 TiO: 0.011 0
Al Oy 5.730 MnO 1.190 0

I CaO ARG 1 2285 , 45 FALES A4S .
x3 HERPEOHUEYEITER

Table 3 Chemical phase analysis results of

bismuth in the sample

A K 25 8/ % I3RS %
H AR Sk BT ) 0.008 6.51
BB 0.028 83.29
B AE 0.005 10.20
SR 0.041 100.00

x4 ERPEOUEUEITER
Table 4 Chemical phase analysis results of

molybdenum in the sample

A R 25 58/ % Sy 2/ %
T AL HH 0.040 59.52
AL 0.021 40.48
B 0.061 100.00
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Fig.2 Characteristic curves of particle size distribution

molybdenite and bismuth minerals in the ore sample
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Fig.3 Flowsheet of grinding fineness test
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Fig.4 Results of grinding fineness test
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Fig.5 Flowsheet of iron removal test for raw ore
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Table 5 Results of iron removal test on raw ore %

R L S N i - N P -
Fe Mo Bi Fe Mo Bi
GRS 14.32 45.73  0.016 0.013 57.11  3.81  3.80
MR 85.68 5.74 0.068 0.054 42.89 96.19 96.20
SR 100.00 11.47 0.060 0.048 100.00 100.00 100.00

i 3% 6 0 1. R RS 7 R 14.32% , g 1k
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Fig.6 Flowsheet of iso-flotation condition test
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Table 6 Test results of types and dosage of inhibitors

iR/ HLKE T RLREE SR B/ Y R R/ %
(g/v =E/% Mo Bi Mo Bi

134 550 b 2

500 1.69 1.89 2.06  48.14 74.69
K B3 1000 1.55 1.95 2.18  45.35 72.53

W LAY 2 100 1.59 1.90 1.96  46.03 67.86
150 1.50 1.96 1.99  45.33 66.16

1 6 FAT, K B E AR O A R Bk A 40 5 fE
PAFEAAG bR . HOKBLE B 500 g/t IF, MRS
i Mo fh iR 1.89 % \Bi ik 2.06 % . 4H 41 1] i
P 48,1406 74.69 00 . LR RURE 07 B B AL
[ A3 23 BT I 7% 1 24 3R] AR 308 JH 7K B A1 DAy 4 o
i, H A 500 g/t
2.3.2 AR S B T R i

6 R T A0 T2 R A A R i AT AR o R
JH 3 T 32 A0 WA 5 e L i A Wi e e A
Wk BE 55 250 B A A 00 B T T AR, SLRE 4 RS A
i, CK-S ARV 1T 58 Be A BR 58 4% 2% w1 F il
AL B TG IR AR W 7.

x7T HUAMERAEXBER
Table 7 Test results of types and

dosage of collectors

Lo AR/ LR RLRD R/ Y RORED MR )G
GES

Eighel

(g/vy E/% Mo Bi Mo Bi
Tz 60 2.99  0.930 1.01  43.65  68.46
ZH 60 2.81 0.89  1.12 37.77  67.77
CK-S 60 3.51 0.88  0.98 47.77  74.82
WA 60 3.95 0.83  0.90 50.10  75.52
B11 60 1.50 1.83  0.97 42,96  33.53

TH#Z5+CK-S 30+30  2.90 1.03 1.18  46.78 74.60
B11+CK-S 30+30 1.65 1.80 1.92  45.62 68.23
B11+CK-S 60+30 1.70 1.82 1.98  47.35 74.05

M2 7 U0 45 S T o0 L 275 25 TR B Y R &
SR, 3 E B11-+CK-S AL A 1E 81 Bk 45 n] 77 B
(4 A5 AR 65 R 3 L O 223050 8 B11+ CK-S 1R
Sk Fifi W) 7 B el S T R B ML VR 24 R T = B11
60 g/t.CK-S & 30 g/t,

2.3.3  EWHFE L EIEE

SR 3 B 90050 B 6% B AR K ) R T sk g,
AR RRE B, T W AR R A 3R
A 5 [ B 389 5 A S5 0 W O B BRI L SR TH IR SRR S
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TR, KB A&k 500 g/t, B11+ CK-S
R (56+60) g/t BT % 28 [R) BY R 1 57 X
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*8 RAFNMERASRBRER

Table 8 Test results of types and dosage of foaming agents
= 9 S WS %

T i/ﬂﬂ/ }iﬂﬁ/ﬁf% *Ej\jf) nnﬁLI;% *ﬂ;ﬁ:u lﬁluﬁzi/%
273 21 1.75 1.84 2,00 48.72  74.80
27 28 2.11 1.41 1.58  46.91 75.44
MIBC 21 1.60 1.86 2.10  45.38 70.92
MIBC 28 1.49 1.90 2.20  43.45 68.93
RB-3 21 1.55 1.82 1.90  42.99 63.76
RB-3 28 1.63 1.74 1.82  43.14 65.34
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Fig.7 Flowsheet of molybdenum bismuth separation
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Fig.8 Results of grinding fineness test
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Fig.9 Test results of activated carbon dosage
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Fig.10 Test results of water glass dosage
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Fig.11 Test results of sodium sulfide dosage
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Fig.13 Flowsheet of sulfur flotation condition test
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Table 9 Test results of types and dosage of activators
L sl B M/ SHLAEY S fh L/ S
P B 2K

WHARE o /v % R/

200 1.08 2.28 46.07

i R 500 0.95 2.64 45.77

1 000 0.89 2.70 43.89

S
A/ S AR S A s/ S AR
(Iu’ﬂﬁ?f”ﬂ‘% (g/l) F};/% 0 |ﬁ]ql)($/%
20 0.95 5 43.61
i 1% 40 0.99 44.81
60 1.10 46.37
"""""""""""""""" 100 105 251  46.21
TR 200 1.00 44.50
500 0.96 43.58

1% O TN, filf B R AR AR AR A AP I AR AR . Y
2 4t Ry 500 g/t B GRS 0 S 2l 2.64 06 . 4
v B #e R 45.77 % BRI S FS 2 30 38 2 B R A R
i A7) H A i 500 g/t
2.5.2  JH USRI B0 2 B o A 5

SR FHH P 0 B8 77 35 1l A0 R0 2E A7 3 56 X A I B
BEEAT AR b 2 R B0 L i 06 25 2R WL 36 10,

F10 HmHBEFAHERAERBER

Table 10 Test results of types and dosage of sulfur collectors

= ik =R A S g

30 0.85 2.70 42.43

Tz 40 0.90 2.67 44.70

50 0.96 2.56 45,27
""""""""""""""" 30 0.85 269  42.66

oy g] 40 0.88 2.68 43.42

50 0.91 2.61 43.60
""""""""""""""" 30 096 255  44.05

LA 40 1.02 2.51 45.17

50 1.08 2.43 46.93

i

I BE R B R Bk ] T R 2 O
HH&ER 10 g/t.
2.6 Z£iRIEARIRE

BT LR TR A B, T R T A
A VR A i R P B, i AR A 14 B, 1SR
ZPRWER 1, B TH SR ERARN RS
JE A Ak P e (R A /S SR R LA T A

b
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Fig.14 Flowsheet of the whole process closed circuit test
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Table 11  Results of the whole process closed circuit test %}
T S S HLMi N IE]L]&% n
Mo Bi S Mo Bi S
BORLWS O™ 14,450 0.016  0.011  0.013  3.75  3.34  2.41
iRt 0.072 38.570 6.220 27.570 45.10  9.41 25.44
SRS 0.088 3.920 37.210 11.830  5.57 68.38 13.26
TRk 0.110 0.160 0.420 23.170  0.29  0.97 32.66
R 85.280 0.033 0.010 0.024 45.29 17.91 26.23
R 100.000 0.062 0.048 0.078 100.00 100.00 100.00
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Fig.15 Process flowsheet of on-site molybdenum bismuth sulfur fully mixed flotation
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Table 12 Results of on-site molybdenum bismuth AP T2 I T4 55 77 v T2 IR R &0 FH &5 4k &l
sulfur mixed flotation test % H L BFEL B LA A ]l AN fE T A ks 4
g nn@ IE“M FE 7 i o 3 B A U Y E R
Mo Bi S Mo Bi S
BRBLUREGT 14,450 0.014 0.012  0.013  3.29  3.54  2.40 4 %%}
RS 0.081 35.030 4.610 28.010 46.10  7.63 29.03
BT 0.720 0.400 4.860  6.030 4.62 71.52 55.56 (D I‘TEE/‘J Mo. Bi Eltlg{jﬁ?]u%] 0.061y 0.048%,
208 84.750 0.033 0.010  0.012 45.99 17.31 13.01 . N N e e ) s
JEAT 100.000 0.062 0.049  0.078 100.00 100.00 100.00 B 1 W A7 T AR X o B BB B AR

83.29 %, i I A SR Bk K MEVE W R I Bk, BT e A R
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