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Study on the Combined Purification Process of Reagent Removal-Bismuth Flotation and
Acid Leaching for High-Carbon and High-Calcium Bismuth Middlings
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Abstract: To achieve the efficient exploitation of refractory bismuth-bearing polymetallic ores and the comprehensive recovery of
bismuth resources, the technical challenges associated with high-carbon and high-calcium bismuth middlings were addressed,
including strong interference from high-carbon and high-calcium gangue, a complex flotation pulp environment, and the
inhibition of bismuthinite floatability caused by residual reagents from prior separation stages. An innovative combined impurity
removal process of “reagent removal pretreatment — flotation bismuth extraction — acid leaching purification” was proposed.
Process mineralogy analysis and bismuth recovery experiments were systematically conducted, and the process parameters were
systematically optimized. The research results show that after conditioning with hydrochloric acid and reagent removal
treatment with activated carbon, the high-carbon and high-calcium bismuth middlings undergo flotation bismuth extraction
using sodium silicate and lime as depressants, butyl xanthate as the collector, and No.2 oil as the frother. Subsequently, acid
leaching is performed with hydrochloric acid at a mass concentration of 18 % under conditions of a leaching temperature of 30 ‘C
and a liquid-solid ratio of 2 * 1 for 8 min. Ultimately, a qualified bismuth concentrate with a yield of 17.07% , a bismuth grade
of 19.91% , and a bismuth recovery of 74.75% can be obtained. This process precisely overcomes the key technical bottleneck in
the recovery of high-carbon and high-calcium bismuth middlings. The reagent removal pretreatment with activated carbon
accurately eliminates the inhibitory effect of residual reagents. Subsequently, the flotation process achieves efficient separation
and enrichment of bismuth minerals from gangue minerals such as calcium carbonate. Finally, acid leaching realizes the
selective removal of residual impurities, thereby significantly enhancing the quality of the bismuth concentrate and ultimately
achieving efficient impurity removal and purification of these high-carbon and high-calcium bismuth middlings.
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Table 1 Results of chemical multi-element
analysis of ore samples %
Bi TFe Pb 7Zn Cu S Mo WO,
4.51 7.26 0.23 1.98 0.11 4.07 0.13 0.38
C Si0;  AlLO; K,;O Na;O CaO MgO As
3.68 23.78 2.46 0.56 0.69 30.59  10.66 0.57

K2 FHEPHAOLEMEITER

Table 2 Results of chemical phase analysis of

bismuth in ore samples %
| s ARE:
i Ak B 3.25 72.06
EENA 0.97 21.51
AL 0.29 6.43
At 4.51 100.00

R3 THNTMARKRSE

Table 3 Mineral composition and content of ore samples

%

WERB BT REEERET A L
0.12 0.68 5.44 3.15 0.14 1.81
RS 3 i RO S ES
1.08 1.73 0.22 0.23 0.28 13.10
T R A NFFE AfRA =)
0.58 0.11 6.31 2.07 9.32 3.85
g i BRI s R KA HAb
4.30 30.63 0.31 9.51 5.03

&1 2K 38, # % Bi.Cu.Pb.Zn.Mo
()& B A 4.51%.,0.11%.,0.23% ., 1.98% .,
0.13% . A FEZI As 1K 0.57% , As 1] BE 2 X ik
K& 0 i B 7 A AN RS2, B FE ) C % iR CaO
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Table 4 Statistical results of dissociation of bismuth

minerals and sphalerite in ore samples %
i AR ik 4+
g Rk S iy
>3/4  3/4~1/2 1/2~1/4 <1/4 WHEEK
B 65.28  11.27 7.05 9.24 7.16 76.55
[NEER" 70.63  8.78 7.21 5.13 8.25 79.41

HH2% 4 AT R0 B A 40 B2 —0.074 mm (5 90 %
MIAAE T AR B 1 DB 1) BRI i 5 43 3]
k1 65.28%.70.63 % , LR FINE & AR CH T YK
T 3/OMETE N a5 R 76.55% .79.41 %, M EE
T 5 R L BT RN DN B i B ) — i,
PR TR ) 5 N R R R kA ) A R
T L8R R 42 2%
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W ILEK 6,
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Table 5 Main chemical reagents used in the test

A 22 HR

iR HCI AR

T MR C Cp

IK B 5 Na; SiOs CP
Vap/3 CaO Tl g

TRy C, Hy OCSSNa AR

P CioHi7 OH Cp

xo6 REPTFEFERAPMRERE
Table 6 Main instruments and equipments

used in the test

N 3 A5
HETE BR S HL MQZ-®300 X 100
= 3L B HL XPM-®120X 3
1.5 L ¥#3EHL XFD
0.75 L VRiEL XFD
0.5 L PRIEHL XFD
HEFH DHG-9070 A
LR F SQ-FA-2104
EVETRER L RTIE eSS FK-J1500H
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Fig.3 Flow of flotation bismuth extraction test
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method on bismuth enrichment effect
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bismuth purification effect
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Table 7 Results of the whole process closed-circuit test %

7 i gt Bk L i 1l 2R
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