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Table 1 Production and utilization data of red mud,fly ash and Li-ion battery in 2017—2021

e e P e I 0
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2017 10 530 445.42 4,23 5.25 3.97 75.53 14.70 4. 80 32. 65
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2019 10 494 848. 96 8.09 5.76 4. 44 77.01 36. 00 12.90 35.83
2020 10 988 948. 03 8.62 6.17 4.87 79. 00 47.80 19. 60 41.00
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Table 2 Composition content ( mass fraction) of red mud from different origins

il S Fe, 05/ % Al 03/% Si0,/ % Ca0/ % Na, 0/ % Se/10 7 Y/10 ¢ Ce/10 La/10°
i 45.03 17.22 7.15 8.47 2.65 121. 00 75.70 368. 00 114. 00
E1);5 36. 69 20. 01 6.51 1.43 5.09 50. 00 10. 00 110. 00 70. 00

L 16.91 15.01 17.55 23.49 4.60 64. 30 80. 50 626. 80 309. 30
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Table 3 Composition content ( mass fraction) of fly ash from different origins

= Si0,/% AL O, /% Fe, 04/% Ca0/% Mg0/% Ti0,/%  REE,,/10™° REE,.,/10°
1 [ Pl g 43. 66 25.61 12.89 6.69 0.78 1.78 782. 10 262.30
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Table 5 Mechanism of bioleaching
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Table 6 Classification of leaching microorganisms

by culture temperature
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Table 7 Classification of leaching microorganisms
by pH
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Table 8 Classification of leaching microorganisms by
respiration types and growth types
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Fig.1 Bioleaching reaction of non-ferrous metal elements
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Fig.2 Process flow of intelligent bio-metallurgy for rare metals
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Research progress on the recovery of rare metals from solid waste by

bioleaching technology
WANG Ye, ZHAO Aichun, GAO Xu
(School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract; Rare metals support the economic development and advanced high-tech industries in various countries.

China has a large reserve of rare metals and a high grade of raw ore, but its distribution is sparse, the amount of

available per capita is small and the extraction rate is relatively low. The consumption of rich mineral resources

cannot fully meet the needs of industrial production demands. Therefore, extracting or recovering rare metals from

low-grade ore or waste has become a current research hotspot. The accumulation of solid waste seriously affects the
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acid-base balance of groundwater and topsoil, causes heavy metal pollution and destroys the original stable structure
of ecosystem. Research has shown that a large amount of rare metal elements are enriched in solid waste, and the
value-added of solid waste can be greatly increased by bioleaching technology. In this paper, the yield, physical
and chemical properties, bioleaching mechanism, classification and process of several common solid wastes are
introduced, and the research progress of common solid waste bioleaching technologies are summarized. The results
show that the current solid waste bioleaching technology still faces many problems, such as low intelligent level, low
short-term income, long cycle, and complex process link. There are difficulties and breakthroughs in the selection
of new leaching strains, adaptability of microorganisms to solid waste, and specific extraction of single elements. A
series of suggestions are put forward, such as closing to new quality productivity, developing intelligent bioleaching
technology and optimizing process structure. The comprehensive utilization of solid waste is still in the developing
stage. The research and development of resource-saving and environmentally friendly biological leaching
technologies is of great significance for the efficient utilization of rare metal resources.

Key words: bioleaching; rare metals; solid waste; fly ash; red mud; lithium battery

DI ~IPNIDN I NIDNTDN TN IDNIDTDN DD ~TND TN ~ZDNIDN TP TD~IPN TP ~TPN DD ~TND TN ~TNID TN ID TN ~TN I ~TNI TN ~TD

ESREEREFRE _HhRENFEAHEARRREMHEEHEIR

I 55 It 1 9% Ze i H T 55 — At v e il S B BOR SRR A oy 3, 1 105 B RN B8 AR Wl i 5
36 MU, SCHF 40 ZErp Al A R 52 AN IRBIBOAR S IR . IHA RIS, 2 58 Zh Al AR 97 5L gl
PR o

T2, 1 55 e [ Y 2o HE B 45 v SR Al N ORI B AR SR Ut el 5D R, TR SR i 1O P At AT
FE7 A LL A TEITR, Ty e 15 5 .6G TR MU IR | il PR AL | BUHT A 2 UG — L JRU B R, HE
g AR SE BT R R IR BB RE ST U QIR 1, IR BB s A 7= T

(BRI A G R ER)

HERFEERN =T RSB ARIE L ®

I H A E R AE TR BRA R 4 09 CH iR Al REZ I BORRLE ) YS/T 1693 | (At if i Al 1y
REZWIEAR MG ) YS/T 1694 FICHA KR Al 15 RE L2 Wi R BUTE) YS/T 1695, ty Tolb Ffe BALFR A& A, 4% T
10 A 1 Hilghtfs.

X3 WUREALE 140 VBT PR PR Y REIZ W AR TE FE SC 2 W B AR I K 50k (2 G 2 W 2
S TAERR PR & R AR o M 0 B TR ATl B A B REIZ W BORBILIE , 3 3 WAL T 45 4 LA
BRRER AL A R BUTTRE AL TR AAZ 19 BEVE T (AR THRE TR AL A RS B , SE B AR I 2o

X3 WML B A AREAT BT DL RERR TH T sl R ) i BT v 52 R0 Tl 5 B2 Wi e 55 B HE T e, HE
A C B R IR SR O A JE , D SE BB IR I B A F AR AR H AR BTk

(BERERR : v [ B FE)



