2024 4E55 11 31 KRk (BTHRS) © 33 -

doi:10.3969/j. issn. 1671-9492. 2024. 11. 004

TR G E LA L A VAN EES  ,  E AT 2 T S

EYCE A 27 S S R
(1. P k¥ FRMIE A TAFR, KV 410083;
2. PHRF BRABHTFHIARAFTZXAN AN O ETEEZH T, K 410083;
3. AXARKF BRAEERFFTAFTRARNEFLEHNETLLHE T, F X 430081;
4, PR EHALREFEIT,FRM 450001)

W OE WA AR T4 0. 05% A 0. 190, LG 0E T2 R 9 SR S B A iR — 50 S B B B — R B S L AF
TEAH 4 AT S 51K L 24 300 B A2 2 2 R TR R A 7 R A e A e R, A R A R A %l)\iﬁ(%ﬂ@%@ﬁ%ﬁﬁ{t%ﬂ]
FE R B A3 X2 A AR AR BT 0 IRk T2 AT Tk BT A T B8 T2 0 SR B TR VR — B B 4 B — B TR BE . AT AR AR AR A
42.02% GRIRNCR Sy 81. 45 % B ARAE 6 FIEL 5407 Ry 42. 23 %0 BRI N 76. 38 W MBS . ML A% T2 . T 2%
BEORS B 1 A R0 R4 i 4 i T 1. 63 T 2. 35 AN 43 a5, BRS04 A R RDIBCR A BHE E T 11. 98 T 9. 21 AN 43 [l B
FEAS T 30 B K (1 pH . COD, [ {48 17 ) LA B35 43 1 4 B 10 2 ik o ELAT 00 0 Tl A0 {00 7 I 40 7 P % o

KR AR AL R R A B 5 U SRRAT § I I 2R

FE £ S TDY52 XERFRAEAD A XEHS:1671-9492(2024)11-0033-11

Experimental Study on Flotation Process Optimization of a Molybdenum-Bismuth
Sulfide Ore in Hunan
CHAI Xujian'*, LI Xikang'?, LIN Shangyong"***

(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Hunan Province for Clean and Efficient Utilization of Strategic Calcium-containing
Mineral Resources, Central South University, Changsha 410083, China;

3. Wuhan University of Science and Technology, State Environmental Protection Key Laboratory of
Mineral Metallurgical Resources Utilization and Pollution Control, Wuhan 430081, China;

4. Zhongyuan Critical Metals Laboratory, Zhengzhou 450001, China)

Abstract: A molybdenum-bismuth sulfide ore in Hunan Province contains 0. 05% molybdenum and
0.1% bismuth. And the traditional flotation process, i.e., full flotation of molybdenum-bismuth-sulfur-
separation of molybdenum from bismuth-sulfur-separation of bismuth-sulfur, exists with low recovery of
molybdenum and bismuth, complicated pharmaceutical system, larger dosage of pharmaceuticals, and
higher production cost. In order to strengthen the separation of molybdenum and bismuth, calcium
hypochlorite was introduced to replace sodium sulfide as bismuth depressant, and the flotation process of
this molybdenum-bismuth sulfide ore was optimized. The new flotation process is molybdenum-bismuth
mixed flotation-molybdenum-bismuth separation-sulfur flotation, which can obtain a molybdenum
concentrate with molybdenum grade of 42.02% and molybdenum recovery of 81.45% and a bismuth
concentrate with bismuth grade of 42. 23% and bismuth recovery of 76. 38 %. Compared with the traditional
flotation process, the new process increased the grade and recovery of molybdenum concentrate by 1. 63 and
2. 35 percentage points, and that of bismuth concentrate by 11. 98 and 9. 21 percentage points, and at the
same time reduced the content of pH, COD, suspended solids, and some heavy metal ions in the
beneficiation wastewater, which is of good industrial value and broad application prospect.
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Table 1 Results of chemical multi-element analysis of the ore /%
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Fig. 2 The relationship between cumulative recovery of molybdenum,bismuth and iron minerals in

molybdenum-bismuth sulfide ore and flotation time under the action of different collectors
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Table 2 Theoretical maximum recovery and flotation rate of molybdenum,bismuth and iron minerals i

molybdenum-bismuth sulfide ore under the action of different collectors

MR 2% Mo Bi Fe
R./% k/min ! R./% k/min ! R./% k/min !
TC A Y5 75. 74 0.828 90. 04 0. 659 9. 41 0. 325
S5 84.72 0. 946 90. 42 0. 780 13.92 0. 160
LA 84. 45 0. 968 91.78 0. 780 21. 38 0.417
T 84. 36 0. 803 91.75 0. 729 55. 59 1.236
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Table 3 Selectivity index of molybdenum,bismuth and iron minerals in molybdenum-bismuth sulfide

ore under the action of different collectors
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Results of Mo-Bi bulk concentrate combined collector dosage tests(a)recovery and(b)grade



2024 4E55 11 #)

SN A A5 - ) R SR B AR A TR T 2R Y - 37 -

T AR RS 67 F B B 6 it (2 AR . 258 5 08
A ORI B Y 40 g/t FIZ B A HHES0 g/t.
2.2 SHSBESFHKE

BB TR 9 I B M) P LS A0 2 A GRS 4
BT IR T B AT B B B IR S ORE . SR S R 1 B B
FUAUR GRS A 0y W B B 1) 06 4% A1 410 <] 590 E A 51 8
o B I R AR AN R 4 TR

FRERR AR

2 X pH~
3 X Ca(ClO),~
3 Mt~

3 E (L

3

it =200
B4 ARBEABVZESIBFHRBRE
Fig. 4 Flowsheet of flotation separation conditions
tests on molybdenum and bismuth bulk concentrate
2.2.1  WEAMRES L5
P 5 D USRS P X0 B B 0 B AR5 I 25 2R

701 (@
601 /_.

301
—s— Mo
20+ —e— Bi
10
1 1 1 1 1
2 4 6 8 10
PR /(g - 1Y)
30
(b)
25
< 20
N
g(‘ 15 -
E
g
1or —a— Mo
—e— Bi
5 -
0 1 1 1 1 1
2 4 6 8 10

PR (g - 1)
BS5 XEEMESASRELER(a)RA; (b)El D E
Fig. 5 Results of calcium hypochlorite dosage tests

(a)grade and(b)operation recovery

F P 5 AT 2R YR G TR A X ) LA R e A A o
fig. USRS FH R B AR 1A 0 b A A
A 10.70% 45 Il W 5 Ry 52,10 %, Bk 19 5 7 Ky
14. 80 % AR b Wi % g 50. 30 %6 A fE 1k 31 40 41k 43
BIROR . B USRS A G VR RS
B 1Y it A2 R Al TR oA 38 AN T s Bk ) o 67 R[] 0l
RAWTFEAL . MR ARSI ik ) 10 kg/t B, 77
YEAG B 5 07 35 ) 28, 48 %6 L AR 1 A ] i Z Ky
69.00% , &k 1) & 0 S 4. 20% . Gk AE Ak 18] Wit &
8.90% . FH UL AT UL, U SR 5 R by Sk 4 il 1) FL A AR
T (A a5 S T T AR SRR AR TR TR k4 B
L 52 10 kg/t Ay Uk S8R 5 1) o A T =
2.2.2 B AL

e B i e S5 R LR 6, R Bl 6 m] AT, B
T FH A 0 380 R R Ml e i R Sl 1 B S 4
FRAE 68 %0 25 A7 o BRI B it 57 AN T B ARG . 90K 17 B 1 5 02
IR b [l 5z 3 357 B 5 0 9ok D 6 190 398 Jon v 84 . 0 9l
FH 38 05 SO 0 0L B AR 0 J5 P AT RE R T 2
B B TR RV . SR T R RS Tk A AR AR T

30k (a) -\’\‘—\.

251

20

i /%

151

1 1 1
4 6 8 10 12 14 16 18 20 22
TR (g - 1Y)

70
(b)./.\.\'
60
50
g
@40—
=
330-
—a— Mo
20 —o— Bi
1or .*—r////
5 10 15 20
SR (g - 1)
Ee6 HMASRKWER (a)@AL; (b)1E A B ZE

Fig. 6 Results of kerosene dosage tests

(a)grade and(b)operation recovery



. 38 KA R(2TBE)

2024 4E5H 11 #)

FHE AR E R 10 g/t,
2.2.3 pH &Mk

B 7 hiF e pH XA S0 IR AR 07 5 B 1 52
F P 7 AT 7R DLREI A A A OR) O R A5 A S i
R B S5 T X SR B IR A ORGS0 AT A B PR A T
ek B R AR L IR R O R e L B A pH AR Ak
AR5 B /N B B RO T 4. 5 %0 Al iR

35

(a)
30F
251
S 201
3
I 5t
10
—a— Mo
—o— Bi
5 i /m
0 1 1 1 1 1
4 6 8 10 12
pH
80
(b)
701
60
N
S0
=y
El 401
=
&
30
20¢ —=— Mo
—o— Bi
10
oo —— V9
4 6 8 10 12
pH

B 7 pHEMHKIER (a)@mfL; (b)/Ek E Y=
Fig. 7 Results of pH condition tests(a)grade

and (b)operation recovery

F10% . PREERG T EH Y 5L BE TR pH Y B i
TR A IR AR R R 928 D I L TE TR
PE pH I, 77 2 A5 B H A0 A S A7 AR L i R
Pk AR OtE pH SN L B 04 7 AR TR iR
AR AR . 2 SRR VEAR R T 09 2R 77 A T4 4 i
& pH=8 R4S IR AR 43 25 i i 1 pH.
2.2.4  FHEL S BT SRS

A3 VR ok it 56 2 SR R A FE S P v pH
FEL PN FH R T 605 AT o) 550 o S Sl A 48 WA 3R0 s T X 4
BRAHUE - AT B . ML X AIR AT
TE R4 B UEAT A R RR T R 6 iR 0 AR UL & 8 it
YRE UL A, f R 4 AT AL, 8 DL AR b 4 R
AR AR R 1 S5 20 R L 4 AR T B g6 mT 4R
PR R 46. 53 %0 L EHAE ML [ET R Sy 53,49 %, Bk
B R 0. 6520 VR R N 0. 620 WURE B 7= b . 4
SRR USRS T A SR B A 0 3R A A T
BB (0 TR T S

HENR AR

2% pH=8
3x IEARRES 6000
3x A 10

53 [ ik

3
ARG 3000 3% 5
OB T Sy |k

w2

3
3x WEAIRES 3000
3B e T

3 fbuniton =20

gt iieaall

iy
RS
B8 HasEARRERRE
Fig. 8 Flowsheet of molybdenum-bismuth

separation open-circuit tests

x4 HESEABRLEER

Table 4 Results of molybdenum-bismuth separation open-circuit tests /%
L1 (o - by 322
o X - i o7 [ AE &
77 i 45 FR ﬁ- \lluti Mo Bi Mo Bi
RS0 1.89 46. 53 0. 65 53. 49 0. 62
- 5. 88 12.16 7. 24 16. 77 8. 30
Hyk ks 0 5.78 12. 09 7.65 16. 41 8. 63
R 83. 45 0. 68 5.06 13. 33 82. 45
AR AR 100. 0 4. 26 5.12 100. 0 100. 0
2.2.5  FHEL S B P A

BH B 1 T B A 4 2R SR T R P UK SR S A
Sy BRI R o T A e e A AT B B TR R A
PRI o 75 T a0 1) BE Al b R AT BH B 00 5 0 Jy A 1A

A 6 U S TR A 0 P B TR SRS 0 B T AT
AT SENE o BB 2 A A i A L I 9 L i 4 2R
R



2024 4E55 11 #)

SN A A5 - ) R SR B AR A TR T 2R Y

¢« 30 .

FHBMR S AT

pH=8
UCHIRES 6000
JEh 10

I

]ﬂ.wum

53

RS 3
A3 B Kk

3

3% ARAS 1000

Sy B T
3
WSS 1000
M 2
Sy BRI T
3
3% ERES 3 000
Sy B RiEIV

]

e

B9 $RfkSBEABKERRE
Fig. 9 Flowsheet of molybdenum-bismuth separation locked-cycle tests

®S5 HEASEABRLKEER

Table 5 Results of molybdenum-bismuth separation locked-cycle tests
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Table 6 Results of molybdenum and bismuth bulk flotation - molybdenum and bismuth separation - sulfur

flotation locked-cycle tests /%
" ) sty oL ] i 2
A P Mo Bi Fe S Mo Bi Fe B
CER 0N 0.12 42.02 1. 08 2.23 30. 21 81.45 0.91 0. 04 2.96
BRI 0. 25 0.18 42.23 5. 68 16. 57 0.75 76. 38 0. 24 3.48
Bk 2.25 0. 04 0.10 37.34 44.73 1.62 1.58 14. 28 84.58
By 97. 38 0.01 0.03 5.17 0.11 16. 18 21.13 85. 44 8.99
- 100. 0 0. 06 0. 14 5. 89 1. 19 100. 0 100. 0 100. 0 100. 0
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Fig. 10 Flowsheet of molybdenum-bismuth bulk flotation- molybdenum-bismuth separation-sulfur flotation tests
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Table 7 Results of flotation locked-cycle tests in service /%
ek R fafir R
Mo Bi Fe S Mo Bi Fe S

A 0.12 40. 39 2.69 2.59 31. 86 79. 10 2.24 0.05 3.11

BRS 0. 32 0. 44 30. 25 4.38 13. 06 2. 30 67.17 0. 24 3. 40
TR 2. 41 0. 07 0. 62 37.22 43.22 2.75 10. 37 15. 23 84.79

Jz=¥08 97.15 0.01 0.03 5.12 0.11 15. 85 20. 22 84. 48 8.70

=37 100. 0 0. 06 0. 14 5. 89 1.23 100. 0 100. 0 100. 0 100. 0
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Fig. 11 Flowsheet of flotation tests of the concentrator in service

12 7 AT A B Ak R FH A B 4 T — 4
SRR A B — BB A3 B VR R T2 T ARAR AR AL
40. 39 % R Z Ry 79,10 % B AR RS B, B 5 Ao
30. 25 % B IR 67. 17 %6 B SRS 0 LA L B & A
g A3, 22% KR IEICR N 84. TOV B BRRE B . Hir 4R

RO ob & Bk 2. 6900 VBRSO 5 Bk 0. 6200, Bk 7E 40
KA H B 2k 2k 2. 24 06 AR B A R B A Ok R R
10.37% 5 B K B w2 41 0. 44 % . B K B & 4
0. 07 %0, SHTEBRAE A P IR 4502k RNy 2. 30 40 AE BN 6
G A 2. 7500 p T AL 6 B A 4 TR



. 42 . KA R(2TBE)

2024 4E5H 11 #)

55 BB 73 S BB 23 B I 1 T R M [ml WA A P R
HVBSEA M 2R Y AR TSR b A
WO BB E L 8 B (el R I HL 25570 )
JE S 2% s 250 TR R A 7 A B
xBTS T2, B T2 A 4
i LB T 163 A g B R CR R T 2. 35
AT BT T B AL R T 11 98 ST AL
BB IDCRAR B 19, 21 AN ks B AR BN 7 Fp A 4
RARFEAR T 1. 33 AT 73 sk s 0 B 7R GRS 0 v A 46
KA T 113 M 8. 79 A F o, g al A,
SR VAR B TR 7 — 1B 0 B — B 0 B8 T 25wl i 1k
By RSB FIORE S0 D0 S8 37 Y o A 5t s o A B
PIAE RGO v B8 2 . i £ 24 790 1 B2 L 9 20 245 50 Fi 4
AT B2 Bk B Al R A ST W A SO B R TR

VERCR  BETERE 0 7= b o kP fIGVR  BUAR
3.3 ZFEIZHEFMAERYRITMH
3.3.1 ¥R 2R VEAG

F 8 RN FRBE T2 20 Jr FH 24 390 o B R I B AR 43
Br. &S AL MEGRIFE T EZMHARMER L,
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Table 8 Analysis of reagents used in different flotation processes and their costs

FiET 2 2R Rk ME/ (gt D) HH A/t Mg/ GL .t Bt/
S 75.6 0. 26 5 300 1402.4
LA 134 0. 47 9 000 4221.0
T 7.6 0.03 9 300 247. 4
K B 5 2 208 7.73 1500 11 592.0
pp— AL N 382 1.34 3300 4412.1
Pl 16 000 56. 0 580 32 480.0
AL 1133 3.97 17 500 69 396. 3
W e 3333 11. 67 6 000 69 993.0
R £ 228 0. 80 1500 1197.0
BK-205 43 0.15 17 000 2 558.5
S 78 0.27 5 300 1446.9
LA 60 0.21 9 000 1.890.0
TR 2 30 0.11 9 300 976. 5
A K B 5% 1580 5.53 1500 8 295.0
e P/ 12 000 42.0 580 24 360. 0
KGR 55 12 000 42.0 1200 50 400. 0
i PR 4 500 1.75 13 000 22 750.0
BK-205 50 0.18 17 000 2 975.0
Y A 84 406. 2

W1z AR K2 500 t/d;2 fh2E 250 A A% A AIE www. 1688. com. FRUL ;3 52y A = AL T2 B BlAS — B T2 Bl As .

3.3.2  MREL R VAN

29 LG = P R T AR TR K K R
Bresit. R BRI A AL SR T L iRk
K pH H 3 X R M TRRFEE T AMEHT
R B AR A0 A K LA R Ak ) A5 5 1 A R0, DA
M3 B e ge T2 MK pH R . DAUCE IR 55
¥t PRt R W8 T2 K pH BEIRE 8. 41, A
R FRAR T Sk K AL BB T AR AL IR A B

T E5e s 158 T2 0 6 1A A7 35 25 550 5 1L Bh
FIEAG G L e sl S v BT 8 BT 7 AR B9 pH R K Y
[l B (2 2 1 8 Vb AR R T W) B DT L B AR TR
JK b T AR R AR R R R R K
COD {H. e Al J1 5B B 37 356 T 20 Al A7 25 b e fIK k
W PR pH L COD, [ A 35 W) LA K 23 B 4 8
TR P RETE — o R LA R K R Ak PR
JAS s HA T R B Tk i
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Table 9 Analysis of laboratory beneficiation wastewater from different flotation processes
ik T2 pH Mo/(mg+ L") Bi/(ug+ L™ Ca/(mg+L™") Mg/(mg+L™") Fe/(mg+L™1) COD'/(mg+L™) S$/(mg+L™""
BHTYE  11.35 2.78 20. 43 203. 3 5. 34 1.23 989. 2 15. 50
HIL 8.4l 2.53 10. 57 206. 0 4.87 1.53 151.1 5.78
T 1AL 52 BT A

4 %

DA SR FH TR A AR B AL AR S B 0
(/B2 IS 7i 3 22 B /% R R A R 5 0 /W R o Ol e s
el o & T AH SR TR VE — BH B o B — B VR R BT
T2 iR 20X A AT B B A A T A B
VR IEAT L, B 28 P 3K A5 - SRS 41 6 Ol 42. 026,
BRI Ry 81. 45 %6 SRS S B 1. 080 B 7R 4H
W bk RN 0.91%; K 8 A R
42.23% Bk ] 0l R S 76.38%, B kS @ P A 4R
0. 18 % HZE LK B Fh A2k R 0. 75 %0 s BAS B7 f
iR A4, 73 % B [BLIRCR Ry 84. 580, B kS A R A
Bk 0. 10 % B BT T rp i A8 RO 1L 58 0 i K
W B 0.04% . BH 7E GRS BT P Y K R
Hg1.62%,

2)XF AR GE 0 3 T2 R IR 1T — SR B 0 8 —
B PR L BT L 2B 5 T BORE A L A (] iR
REAEH VB AS B B0, WD AR LB A U 4 R TE R
W R R L 0 58 4 IR T A% Gt 40 1 R AL B AR AR
ek Bl b T A B R B RSN L LA TRk T
2R 2R B L BEAR T T R K B pH L COD LA R [
T BT W) 4 K BT 48 A s B B B T M {E R
49 8 FH i 5
(1] s % 52 e B, 90 bR, 5. 4H S Jo Ak & 9 1 B 3
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