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Table 1 Contents of rare earth elements in coal fly ash samples of different particle size fractions®”

4 5y SF'1 SF2 SF3 SF4 SF5 JEURE
Jo R % 7.30 13.50 20.30 35.30 23.60 100.00
MMD"um 2.20 5.40 9.70 19.40 4320 17.60
La/(ng-g") 37.00 18.00 28.00 42.00 24.00 31.00
Cel(ug'g") 85.00 47.00 70.00 94.00 61.00 78.00
Pr/(ug-g") 13.00 6.40 9.50 12.00 7.70 10.00
Nd/(ng-g") 45.00 26.00 36.00 51.00 32.00 43.00
Sm/(ug'g") 15.00 9.10 13.00 16.00 10.00 13.00
Eu/(ng-g") 3.80 2.30 3.20 3.20 2.10 3.10
Gd/(ug'g") 17.00 10.00 14.00 14.00 9.40 14.00
Tb/(ng-g") 3.00 1.80 2.50 230 1.50 220
Dy/(ug-g") 18.00 11.00 14.00 15.00 9.80 15.00
Ho/(ug-g") 3.90 230 2.90 2.80 1.90 2.90
Er/(ug'g") 12.00 6.70 8.50 8.00 5.30 8.30
Tm/(ug-g") 1.70 1.00 1.20 1.10 0.74 1.10
Yb/(ug-g") 13.00 7.10 8.60 7.80 4.80 7.90
Lu/(ug-g") 2.10 1.20 1.40 1.30 0.71 1.30
REE/(ug-g™) 270.00 150.00 213.00 271.00 171.00 231.00
LREE/(ug-g") 195.00 107.00 157.00 215.00 135.00 175.00
HREE/(ng-g") 75.00 43.00 56.00 56.00 36.00 56.00
HREE/LREE/(ug'g") 0.38 0.41 0.36 0.26 0.27 0.32

a: SF (size fractions ) F/Rm By, (B — A H LTI, WORE K 2> B SFL (AR ), RIAKHUBK B MR R 88 0 i AR,

AR o B o, 4 85 Y SF2, TR K UE AT 43 9 3K 75 SF3.  SF4 M1 SF5;

b: MMD ( mass median diameters ) 3 75 Jit & H1 v B 4%

P E H AT )z R ik gy 5K, DA R
225 NS EARYE . Yang S5 DL SN S BK 17 548
WEoE X%, & BLFG £ 00 & 2 Bl % 5 (% 385 K 4
TE+1.8 glom’ [ % B oy b ff £ & 2 e, 18 F)
426.27 pg/g(AH4 T 0.1% mHG T8 &), RIUX
SRR B 1 o0 2 AT LAGE o 5 14 O =S B AP T A
o BRIMISE Bow, 7638400 IS s, # 0
i % P G T 0, (R EE A A A B s A
FFG O, WAL, AT 2E AR PR 0 AT S 1 5 vk
RIT I p¢ o vk ad B A 00 R A0 o0 i ML A, SRR 45
R, E X 5 T X B AN 4.45% A R,
M S Ve B IR E N 1.50 glem® B, B +OC B ¥4
B AR 2.39% BRI b

Wy N TR O R R R R R
oy, BVERE A D, ZEILETHR T, Zhang 55 #8597 T AL

VI 53 0 R0 %% T 43 i ot JREAT A7 R s £ 0T B AR RO,
i o0 S A 5 T B, B 0 B EAE-0.075 mm i
G b, BN 1L17; IR UUSE R A 45 R WoR, B
TR EEIE2.4 glem’ WEL R, FEMECOY 121,
Chen 25" 115 2 T 25 RIATFFT 45 5%, # £ oo R AE4ikr
g AR, (R v A SRR A 2200, W oe &
FEAS B P I B $45) . Lin 5@ Xk A 42
(4 N U RE S AT o0 BT, & IR £ 1Y) 5 o Bl
JE (R U /IN T ARG, 3T BB R A L b i 0 0 7 s
Wi AR A 19 B T o i S B

Zhou W R LS R BN, i Lo R FEEE
T AR (2.4~2.8 g/em’) BRI K, AT RE S5k A
AR SR ES A A 56 Lin 25 3 i 77 U00E X 0 K E
1% B 5y %, e BRI A6 O % B ) ok, s H T R
14 B e s B B KA, SRJE 00, R LT R A



%6

5T, A RN 1 BT R R 5 R SR U T © 5

SRR RE (S35 2.71~2.95, 2.45~2.71 B 2.49~2.71 g/em’)
R E S, X~ R EM TR EREEA
43 W E B B AS — B, H 0 A B R 1 5 R AT
SR S AR E T Y T

T T R — b 43 8 [ A5 A K T AR ) Y
FHT5 ¥, X s 107 9 2 A AR A (R IR AR S,
7] BE R R P — [ BB AY A 3804 45 . Honaker &5
SR FH YL VA 37 5 125 Tl Ac e SO T vk %3 ALV O 7 0 v )
I, 73 Bl Talon9400 ., i R 44 13 AR = i 1
R A AU, SEEG45 J 7R, Talon9400 15 I R 44
[l R 55 g, AEURS 7 TP o A i ARG i S R A R
SR, RS A o 0 A, 2900 380 pg/g. il
it MRS B — R T A AR AT [, BE
Wy AR ASF Tl 1182 ng/g MRS B . Zhang 25 H)
e T Ak R Y 5 S T 6 P R S A A AL R R 3
F, Xk A 1L AR I T LR AR S AT
TV ISR = SC 56, 4 0 A% Ge R AR F 2 G
T A, PR AR 1 5 R 2300 pg/g; i 244l
TEVEAERT, VR LERG B A £ & ATk 4700 pg/g.

Zhang 85 X K Bk - I EA T B2 0 BIF S 5 IR % oy
B, H R A LT A TCALE 4 v B I 43 1
K, PSP BEARAS 09 1F vE R 322 i A AL R A
M LR R AL, J5 = A B B3RS IR s R
WA N ELE WA, B % i EY 580 ng/g
HOME] 1200 pg/g. TR A EH L0 Y witE, o]
2 R e XTI R T R 1Y R RE T, XV R IS R
W AT 2R B e, RAT T # - & & 7000 pg/g 1Y
K& 8. Lin 55 SR F G 1 40 S My B K, 45 21 18 3k
REE A 5y T E R E TR o i, Hofh2E 3 b ke B
I8 v B Bl - o0 2R 32 40 A A R W M A 4 e,
DR Ay 93 I 9 AT PR PR AR 22, BT A S T 17 6 A I T i
i £ TR BT A HRE , Wen S5 YE 38 53 77 356 15 [
ORI (R R R AR B, 2 B o0 R A AE TIF
B .

WERENT LEEBIE TR 9 5 B4y vE N
i 35 X 3 6 v RS - 0 R B R IR, & BB S
R 3 ot Hs 00 R BT BT B SRRSO, T B 4y ik
() e SRR AN B 2 0 2 R o A B 45 ik
i, HEAR R 1, B IR R AR T E s
782 ng/g W AER 1025 pg/g, B EMEN 1.31°, Rosita
S SR 0 43 i w0 1 7 X A B R B K R B
+ I, B AR IO R W ECR R 71.21%, & £
oA H 1.23, [ABHZ 7 200 A R AR T M BEK kR
B B

LR, ST MK B £ 00 R T0E 4200 55 ik
Je b, O R FE R . H AT SE [ E R T
AT T MR i a4 LR o0 R Pk, T
A AN 21 mm DL AORLIBORL, 5% R M

~— e

B OB g —mEik” AR TR R
Fig. 1 "Classification—magnetic separation" process for enriching
rare earth elements in coal flay ash®
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Table 2 Characteristics of enriching lithium and rare earth
elements in coal and its by—products by four separation methods
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Table 3 Characteristics of extracting lithium and rare earth elements from coal and its by—products by chemical leaching
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Research Progress on Occurrence Characteristics, Enrichment and Extraction of
Coal-based Lithium and Rare Earth

ZHANG Lei', CHEN Hangchao', PAN Jinhe', HE Xin', MA Yujie', ZHAO Xindi', ZHOU Changchun', ZHANG
Ningning’

1. School of Chemical Engineering and Technology, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China;
2. College of Chemistry and Chemical Engineering, Xi’an University of Science and Technology, Xi’an 710054, Shanxi, China

Abstract: Lithium and rare earths as critical metals, are important industrial raw materials and play an irreplaceable role
in promoting social and national security. With the development of economy, the contradiction of demand and support on
lithium and rare earths has been intensifying. Coal—based lithium and rare earths reserves are abundant, of which the
extraction and recovery has attracted widespread attention from countries around the world. Through a comprehensive
analysis of the current research on coal—based lithium and rare earths at home and abroad, the progress on occurrence
characteristics, beneficiation enrichment and chemical leaching of lithium and rare earths are systematically summarized,
concluded and prospected. The challenges of their utilization contain unsatisfactory enrichment factors, high additives
consumption, and high waste production of current technology. Thus, it is recommended to developed a physical-chemical
combined method to directionally improve their grade, reducing the difficulty of subsequent chemical leaching.
Furthermore, the research on the collaborative, green extraction other components in coal—based resources is promoted to
achieve comprehensive utilization with high added value.

Keywords: lithium; rare earth; coal gangue; coal fly ash; occurrence characteristics; physical separation; chemical
leaching
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