2022 4 A2 M

SRR 25« SR S U i 607 = BT A B 580 Ji <71

P AR ) 4 BBUAER st o2 A = B 5L BF 9

R R, kAR, AEE AL Rk ' w2, Hikw'
(1. M B R fhr TREBe, M 5EBH 550025
2. N T 2B e B 24 B A RHR S BOR T A S0, SR SEFH 550003)

(i %]

HRBHEIRBRELETRT Ao T i, Sl sk, 122 B3 T, R A B2 IR AN

IRl £ FTR PRI E AT A MR AR TR E LT L, RILRMNGMAED O
A A0 L 3R R iR B L AR LR i A A L AR A g AR AT T M, RN
Al RAMAERZT R EAFTHF 2B EE— TR, Z2RALE MEYRR D& ELE
RERE W, M L AT 5 B AL — M LU B RR BN 5 R A A ALBR R B £ F AR
Vo, AR BOR 0 A S TR AN R RIB P TRAESHLREFH THRADRRLERT
ML, RERE HELERBRERKEALZREL AFL TRAT QLE, EHHE A o ERI A

A RBET —MEFTHGT k.
[ St |
[hESRS]  TF84S [ SCHRPRAERS ] A
DOI;10. 19612/j. enki. enl1-5066/tf. 2022. 02. 011

F A AT R AR A BT, AT RE R R
HOYIVAEN 159 A P B 774 T SR €N B L | P e
ESDETEINE7AN: IR IR 32/ O N A 7 I A N
BRVEE R B HRIE 17 ROCE RO R I TERE ] 2
M L ICER (I ~ B) FIE A oo (4L ~ 5% . Bt
M52) o Hi £003R (REEs) 7EH5E Hh =2 A PP X
fife , PR S EEA 3 MY O 079 f
T A I AL T80 W), FF A s 4y i S A
URTCER , A7 R . Q& A oo
KT, Wi A R AR Y 2 RO R AT AR
Yyrb, w1 S . QLU TRESHAE T
Y i) 2 T SEAURL ], 40 2 BESE 07 W) FIORS 07 )

[k H ] 2021-11-23  [&3T HIH ] 2021-12-25

[FEHHM] 2021-12-28 [ H i HYI] 2022-04-28

[FEFE R ] SRR (1996—) , 4, WGEH ITAE DUR A L, F 240
FET5 1) 0 WA B TR L SRR 5

[BEIEH ] kLA (1970—) 5 R, SEONG1, Wit, 0, 1238
W7 18 AR 2R A A

[FEETH ] e g| 5 H 0y B & e L 005 a0 H G AP 31 s
[2017]4010) ; 5¢ N 4 75 4F BH A A HigR R CEBL & F & A A
[2017]5621) ; St 48 FOF )T A G0 H (#5305 KY 52021 ]
052),

[FUIR] TRARIT Sl R 2, 4. 2 W 3R IBUAIR 57 s 1 9%
AT LT ], A @4, 2022, 51(2): 71 -75.

ISt LR LA MAWZRIER; AWHK; HEb54; FR

[r&Egie]  1672-6103(2022)02-0071-05

X OZRM 47, BLHE TR B AT SE B2 55 {85 1
@) @XM £, iy T ALK, PRl R O B2 T I
AEF RN EETYOuR)G, Mt iR EET
JEA I A E AR, B R EH AR, H
L EEXAFAE T R M Dol R it 6 oo R
A 28 AT o — A L, R 7 T A i 2 HL &
PRI U - T2

AT s AR IO VR X BREE 5 AN TR, H R
R - 00 3R 0 T 86 R A LA R L AR b 223z i
B RIS P OISR R R A P B v
R EOUER s DTSk, — B N IR ER DUTE I VR
EATITEE ALY UUTE . , %07 1 AR R UK
A AR DTTEY) R IBCR, A Z) i g MG I B 5 5¢
k! R R A A LR E
FOTE s ARG &, RIAE R HBOR, B8 A
TEEMITEA KB AE T S B W) b i A T 8 L L
YA R AR, AT LA A PR IR A A
SRR 1, X 2 QI 4yl 55 67 ) v i <6
TEGHES, RBGL A ot R . AR B HOR
TR AR, 5 H B3 i H X R ACUT, A4 R AR
PIRE Tk 16 B AR A AL A L BT RO R T = F)
W



- 72 - T E A & A

BEIZE

I A W PO 0 = 5 BRAR

— KL, W90 o A LR -G
TR BN (40 H,S0, HCLHNO, %) 3 i T2,
JEHLRRAG B A AR RS A 5 O A

Y. AR VA6 R A%, H R
AN R R P R U R 2 N8 RS R
AR 5 Sk ) Z I A e 4y B . H i
JEV A 20 MR S50 o 2K T 3 g 200 o R BT, AN [ i 2
YR s LT R 1,

R AFERADEIOE 0K

Table 1 Leaching of rare earth elements by different microorganisms
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Research progress in microbial extraction of low-grade rare earth resources
ZHANG Xin-yue' , ZHANG Jian-gang’, DU Hai-jun', DU Ke-zhi' , ZHANG Yan', Al Ji-xing', HU Hua-li'
(1. School of Chemical Engineering, Guizhou Minzu University, Guiyang 550025, China;
2. Key Laboratory of Light Metal Materials Processing Technology of Guizhou Province, Guizhou Institute of Technology,
Guiyang 550003, China)

Abstract; A large number of rare earth resources exist in tailings and industrial waste residues, the grade is low,
but the total amount is considerable. Using biological leaching technology to extract rare earth elements from low
grade rare earth resources is a low-cost and environmentally friendly green metallurgical process. The process adopts
the microorganisms including bacteria and fungi, the different microbial leaching of rare earth elements and the
mechanism of action between microbes and rare earth elements are described, showing that the current method
using microbial leaching ore extraction of rare earth elements also has certain limitations, mainly including
complexity of metal elements, difficult separation of rare earth elements and single rare earth element; lower rare
earth content than those of inorganic acid and organic acid leaching; microorganisms prone to decay or even die
under the condition of high rare earth concentration. At last, it is pointed out that the extraction technology of rare
earth elements is developing towards the reduction, harmlessness, resource recovery direction. The combination of
biotechnology and extraction technology provides an economical and feasible method.

Key words: low grade rare earth resources; rare earth element; microbial leaching technology; biotechnology ;

green metallurgy ; extraction



