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Lithium resources in coal-bearing strata.QOccurrence , mineralization,
and resource potential

ZHAO Lei, WANG Xibo,DAI Shifeng

(School of Geosciences & Surveying Engineering , China University of Mining & Technology-Beijing , Beijing 100083, China)

Abstract; As an important strategic metal resource, lithium has been a hot spot in the exploration field in recent
years. Lithium deposits occur primarily in brines, pegmatites, and clays. The research on strategic metal deposits
in coal and coal-bearing sequences has also made a lot of progress in recent years. Some coal-hosted metal ( such
as Ge,Ga,Al,U,REE,Nb,and Zr) deposits have been found. Lithium in coal has not been regarded as an impor-
tant metal for exploration and utilization for a long time in the past, and it has only received more attention since
2008. When the concentration of lithium in coal exceeds a certain grade, it can form coal-hosted lithium deposits,
which are classified as sedimentary lithium deposits. In recent years,several cases of lithium enrichment in coal have
been reported. However, lithium has a low atomic number, along with its low concentration in coal ,and various modes
of occurrence, which makes it one of the most difficult elements to be studied in coal. Based on the authors” previous

research and the data published by previous researchers, it is proposed that when the Li,O content in coal-bearing stra-
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ta reaches 0.08% (on high-temperature ash basis) ,it can be considered that the grade of the coal-hosted lithium de-

posit in the coal-bearing strata has been reached. The coal-hosted lithium deposits discovered so far in China mainly

occur in the Carboniferous-Permian strata of North China,while a small number occur in Southern China. Coals that

are mostly enriched in Li (Li,O in high-temperature ash = 0.2%) include the late Carboniferous coal of the

Jincheng coalfield , Shanxi Province, the late carboniferous coal from the Guanbanwusu mine in the Jungar coalfield,

and the late Triassic coal from the Caotang Mine ,Chongqing. The most important carrier of Li in these three deposits

are cookeite and/or lithium-bearing chlorite. These three coal-hosted lithium deposits are all caused by hydrothermal

fluid activities. Coal-hosted lithium deposits are often associated with strategic metals such as Ga and REE , which are

expected to be co-exploited and comprehensively utilized.
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Fig.1 Vertical distribution of ash yield, concentration of Li,Li,O and REO(REY oxides)in Jincheng No.15 coal seam section,
Qinshui Basin (data from Reference [21])
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Fig.2 SEM backscattered electron images of cookeite and Li-rich chlorite in Li-rich coal
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= . g AR R R AR AR I R I L (ORI R
3 EERT L gRiR Li,OF &K 76.45 pe/g) AL T 1E H BEIIME, Li R IE
B ATE YO LRI T RIA BB AR Tl X B Y R VLS A e S T RZ BB A5,
BER T X B Y T, DAT A A, Wi e BT Li iR Y —4R S U8 0 ST TR A
ORI E Li 19 6 520 Li RIETHILREEER YR SE 44 E0h  Eae ARl eI ST /54 b
BRRAERA ;SUN A, TRAWE L oS B REMIINAIRIE A LM & Li ORI 0k

B2 Li RIE T IR (AR AR 0, B A BIE A I8 SO 7=



1756 # 4

F #® 2022 44 47 %

YRS R B AR S B s A G S AR A
WA T A M s v )R i T ARTR B IR i
ARSI AL 18k 0.56% " (LS ZR 40 FE LA
W A KB, R E B R AR TS A TR, 2R
IRZE 3 Z LRI K Z it A v AR A I U A 7 A — IR F i
IR P PR B A TR 2t — R St FLD
TR ZE b M R B RN R M AR = TSR R 24
W) R R, AR R I FE R A TR
RVFAR AT RER 5 P A A P A G

DU | 2 MG, = 2 T2 5 4 A 1) 5 o - 4
BEMLI SR A 2.45% , W5 5 252 23 A 30 il ) I
AERTCA A, B T RSB Y S 802509 L & A
B oh , PRGOS S Ui S BRI Bl
PETFT B AR TP B R PRI AT AN 4812

DL b3 AN RS RAE Li BSRUR b e[ 2
BIRHBH . SEREDIN Z85  §F 5% T 4% % Bk 4 2
AEr A R TP BT R (L B R 7R R S
JEy O L 9 AR R R AR BGRTE Bh i
FRUE R P LR ZR A R A i PR AR | e e A
bR B R LAREN L FE(FE 1), X
T B GHEA AT R 78 40 43 b A A 1) ol VLR S 0 I At
U R S AT e, SUN 207 B 7 i I 27 K
B 11 SR Li A e sl 4 o (E IR R & B
WA B3 Li 5 R IEE

4 EEETHEMEERBESE

ERET 15 SHEAF)ZAH Li M oo
Z(REY, BRI RTCR M) St s BEAHDC (1) o &
FICE MR Y B AR A A S S A T R B R
FE AR Y AL BT R AR B, #el i
(A AR S B AR SN BOZ AR Li 15
£ [AlIF v A REY A0 &4,

Al X B AR HAT 30 Ga & i (Ga
FH>50 ne/g, KAL) o Li Hl Ga TEMERS /R A AN
)RR L (1 4124 (ELAE AR 4B 0 K 7 1L e e
U Ga B4R, T Li NEAE(KIET Li,0 FH&ICH
76.45 ng/g ), XEWN Ga 5 Li B9 FE AR,
YRS JRIRE RN A 75 1L 0 BB B 4R B Ga BB A
6] A= By BE i A il TR XX AR 5T 0 AR B 416 £
Bt A L R AR R e A I A [
HIL U, Mo,Se, Re S5 A4 48 & £ B4 |
5 Li F1 Ga WY& MR, Hl 5 5 R4 B B )it
VSN RERE A IF S S

5 HRETTFHREED

SUN %5814 80 we/g & MEIE R Li iy fe/ Nl %

i, K 120 pe/g VR JERE R Li mT [DSCR) R 9 Tl
FEbR, 1% SCHE H A HE AR LA IR 40 72 R 17% R Jk
filt, SR A b G 4 S MR ARE ™=y v B L, PRI Ik
IR 5y 7= 3 S S 4 g W T PP BB
NIRRT IR 5377 2 22 SIAR R, 25 K 43 7= B3I B
il eI T &8 S AN, T SO Kb =
B, 51 AR B R RPN, . T A
BB 15 S Li S8R 132.36 we/g, ERK L0
TP 0.22% , JR R 3 12 Rk 0.83%,
U, DRI Li e Ryl IF & 0 Tolk S A & 3,
TEPEA A5 IR B 5 SR AR BT | % SR K ey kv, 1
2 DAL 25V 8 1 U, Ge, V,Se, Ga, REY, Sc, Nb,
Zr,Mo,W ,PGEs (17T ) ,Sb Fl Cs S5 CHEITTER M
T R A R T IR SR A

AR A &R0 7 Ho T A BT 0 28 i
FREEIR Li,0 A SN 0.4% ~0.6% , 4L <
Al T R A AR B 2R A NS 5 v Tl b W Li, 0
TEN0.2%, B AVE Y0 A A EE R
0.1% , AR Tl S A7 0.29% 1 % p& B 414 g 1t v
(A 4 DL K DR 8 I v T 2 ) FH G 4 4 ) 11
P (AN TCTF R IAS T T ML IR 25 ) 1 D L,
O & (R KIE) >0.08% 1 AP Li B4 Tl JF
BT

TH PR H B S35 B R 66 pe/gtt TR
RERETC A B A A, IR EE R B R
B IR 23 A AE SRR 22 B i 07K 2 b R )1 2
MW 1), HiP Li,0 i =0.2% (EIRKE) A
YA R R OB TSI UK A b
FE 2020 BB R Y A, Li, O A >
0.08% (= & K %) Mk A TR EY K in M
0 kT P L R T A T DL &
IR TR T A s BT B2

P RRID K FE M 15 S A S H SRR 4 TR R
12.95% M2 H RGN 195 M 318, WK 451 15 5
PEE P L0 BB IREN 5.56 7 1, TRIBE R =5
TR 280 R K 53 77 58 R 29.12% , B2 BT IR & Ry
20.83 /2 tPVITE M = B )2 Li,0 ATETR
Bl 130.69 J7 t,

6 BRI o i £8 LUK KR Tk o S Y 4R BX
AR

6.1 EEMERPENBERS

SR T RBE S R A SRR T )
WP < i B LU AR AR R A A
R AR T AR R b 19 2 5 i i R T



LERE B RS R TR AT ST 5 SR T 1757

SR 53 7= AR R B RCR AT . I, BRI T2
WA s IR AN Ga, Ge, Li 25 LA I JEAE 42 8 Al
B R RE IR 43 B R L

DLFR A B AR IR —— N St AR R L)
Wy IR R iz T ABHE I R 5 AL, Ga F Li 1
S R =1 R Li S E 453 ne/g, i
TR FNIR b A5 Ty v 43 B ROR T AR, R Li
FHMRAE T IR P (682 pe/g) , T 7E R4 PE AR Fi 4%
fa Rl (E BRSO W E R A ) A A I
31.3,76.4 pg/g ™5 ILAN, 8 & B Li #E KT 120
H (0.125 mm) i €K & B BAR AN, 76 58 41 i R 42
X 8] (120~500 H , Bl 0.125~0.013 mm) N , B 0ROkL
BN AR AR AT R B, Li FEDG 3R
TLAE PR B P (0 RS K b 25 B B IS IORLAR U/ (5 ~ 200
H, Bl 4.000~0.074 mm) ) T AL B, Li 7649
PR R T R AERES 5RO R TT R AR
IR B P R AN ], R A e e R A ] 1
U R AL S NG U ALY/

HU 25054 5% ] ToF -SIMS 43 #7 Li 75 #ERS /K &5 40
R B AR AR I L EEAEAE TS
T ARG IR Ao R AR S AT A Li B e T
FEAEBRIEAR ) Q3 (0AL) Fl Q3 (1AL &ty
6.2 MR hERRIN E

JUAE AR H A 43 @ (1 AL, Ge, REY, Ga 25) , ¥
SRR Li i3 ICE AR W A X 85 /0 (R AR R 5%
FRBEGHHG K ARLLAE OB IR 5 R 4N
RABess , A IE SR HRT TR Li 132
RORF MR R TR AL A T 12 R GE 65%
BT RS IR S AR IR AP 0 i 2 B340 A0 T AH
ARAFRFAE , B9 T 77 SR P R B BB 95 XoF A% /K 1
BRRY R Li R4 42 B, £ 1 3 o A v T A
BN P EE AR B Li 012 H A%, 700 1) T 4k
ARG R T T 80% . XU % U (i FI AR R 4
MR i iR A B I R AT 3K 70%, MA
03 o BRI A B L AR T A R Y T AT
PEA AL IR B R B K AL, Li, Ga, REY 25197 H
f7M,AL,0,, Li, Ga 1 REY Ay H R4 51 K 78%,
80% ,72%H1 55%

ZHANG %5 [V [] 3 F L TR (SG) RIS okt 2
VYN DL (13 52 ) B 4 DB R
B, K BN TR) 2 BE IR S R L S TR 3 909% Y
PO AE (1.8~2.2) SG ATEL 2.2SG H Y% g ;i
IR -R IR AT LA & R FE O 70% ~ 80%
() Li; Herp R be S8 3 2540 & AR A8k ( B s i
PR A RT3 it LA K 2 B/ 0 1) AT 140 I 38 5k 7 i i )

AR PR R

TERYBE IR W Li B4 73 18 [l Oy 1, #E 2R B
TR AR RHBE I i TR 5 BT 25 AH 5 AT AR HI i
B AR HEAT 7RSS, A XU 4511 R A R s Ak
TREIRERIBC AL 7= A ) R P B L B9 T SR A |
R AR P R I T2

7 & it

(1) FREVE R b BT 7 B8 U8 3 2200 A A AR L
A R— R Ak, B M S R — S i
A B R RG], ST, IR A
RSB IRAE S P R AR B R 30 A
il Li, 0 i 0.08% (Fii KAL) o

(2) 8 Li A ZRRAAIRES , B UL A 2 ik
FRERT 1, U HOE R 00, LS AW Li B L4t
i, RSB R W R TR e A, BX
T Li AR m KO R e A Li ek
(AR 5 T B FAE P ) — S AR R A R
WL R R SRR A, R A A R
T+,

(3) et DX A 1 i oy Jo i AT 0 ] A b ety
AR Li B & AR e (H R SR S g 15
SRS R ER SR 6 SRR E LN
HZE, HETRBEREE RS Li 8T YKk Z
VG5 B B ARG B

()BT ALSH @ SR 4 Ga FIREY 4%
A 4 SR AT, DRI AR R ) A 3 Al ] R
[ & 4 Al Ga il REY %548 , Kok A B BRI
JRH R s 4 TR B DM R T R A A . BT
SR Li AR S AN LB, AN ] F000 0 Fs
TR P OGRS R IR R AT K S b
J 2 A PR 98 38 SR, B AT T i 7 S
HARGE = FP A RRAE B R, XEF & A IR
SSORNZE 5 AT A7 0 R A5 R ek 1 4 T8 b ) 42 Uy 8 i 44t
BB HKHE

BUst RO AR R AR T AR I AE
ToF-SIMS JMisid i Fp 4R ARG . A SCH 2 g ]
{FH A 28544 & #7E (International Journal of Coal Geol-
ogy) M1{Ore Geology Reviews) [ A1 3C, I ELHL
15 Elsevier $Z40Ufd H , FF X Elsevier F7m g,

S & 3Lk ( References) :

[1] BENSON T R,COBLE M A,RYTUBA J J,et al. Lithium enrichment

in intracontinental rhyolite magmas leads to Li deposits in caldera



1758 # 2

1’ 2022 4EH5 47 4

(3]

(8]

[10]

[11]

[12]

[14]

basins[ J|. Nature Communications,2017,8(1) ;270-278.
KESLER S E,GRUBER P W,MEDINA P A, et al. Global lithium
resources ; Relative importance of pegmatite, brine and other deposits
[J]. Ore Geology Reviews,2012,48.55-69.
XA, EARLL XN E 07, 55, B A AMIES AT AR i K
WA TFRBUIRTT]. HEHLET,2017,44(2) :263-278.
LIU Lijun, WANG Denghong, LIU Xifang, et al. The main types, dis-
tribution features and present situation of exploration and
development for domestic and foreign lithium mine[ J]. Geology in
China,2017,44(2) :263-278.
T, BB, T4, %, FNS DR BB 4016 K 2 I
KBURLI]. AL, 2019,38(3) :354-364.
YU Feng, WANG Denghong, YU Yang, et al. The distribution and
exploration status of domestic and foreign sedimentary-type lithi-
um deposits [ J ]. Rock and Mineral Analysis, 2019, 38 (3) :354-
364.
SEREDIN V V,DAI S,SUN Y, et al. Coal deposits as promising
sources of rare metals for alternative power and energy-efficient tech-
nologies[ J]. Applied Geochemistry,2013,31.1-11.
FINKELMAN R B,DAI S,FRENCH D. The importance of minerals
in coal as the hosts of chemical elements:A review[ J].International
Journal of Coal Geology,2019,212.103251.
DAI S,FINKELMAN R B,FRENCH D, et al. Modes of occurrence
of elements in coal ; A critical evaluation[ J ] .Earth-Science Reviews,
2021,222:103815.
KETRIS M P,YUDOVICH Y E. Estimations of clarkes for carbona-
ceous biolithes; World averages for trace element contents in black
shales and coals[ J]. International Journal of Coal Geology, 2009,
78(2) :135-148.
DAI S,REN D,CHOU C-L,et al. Geochemistry of trace elements in
Chinese coals: A review of abundances, genetic types,impacts on hu-
man health, and industrial utilization [ J ]. International Journal of
Coal Geology,2012,94:3-21.
FINKELMAN R B. Trace and minor elements in coal[ A ]. Organ-
ic geochemistry; Principles and applications [ C ]. Boston,
MA ; Springer US,1993:593-607.
PALMER C A,TUNCAL: E,DENNEN K O,et al. Characterization
of Turkish coals; A nationwide perspective [ J ]. International
Journal of Coal Geology,2004,60(2) .85-115.
DAI S,LI D,CHOU C-L, et al. Mineralogy and geochemistry of
boehmite-rich  coals;: New insights from the Haerwusu
Surface Mine, Jungar Coalfield , Inner Mongolia, China[ J].Interna-
tional Journal of Coal Geology,2008,74(3-4) ;185-202.
DAI S,JIANG Y,WARD C R, et al. Mineralogical and geochemi-
cal compositions of the coal in the Guanbanwusu Mine , Inner Mon-
golia, China; Further evidence for the existence of an Al ( Ga and
REE) ore deposit in the Jungar Coalfield[ J].International Journal
of Coal Geology,2012,98:10-40.
et Shif e — B a0 M P OC R 1 2 A LR R ) 5T e SR AL
D], dent: sPEG LY (dbat) ,2015:25-182.
KANG Jian. Distribution of elements and enrichment mechanism
of mineral matter in the Wuhai C—P coals[ D]. Beijing:China Uni-

versity of Mining and Technology-Beijing,2015:25-182.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(23]

[24]

[25]

[26]

BT SRR A AR G 0y A AR S 8 A b R AL
AIEAFFEL D] AEH: AP EHFTR S (AE50) ,2018:39-47.

YANG Ning. Geochemical composition of Late Paleozoic coal and
black shale from eastern Ordos Basin, China[ D ]. Beijing: China
University of Geosciences ( Beijing) ,2018:39-47.

QIN G,CAO D,WEI Y, et al. Mineralogy and geochemistry of the
No. 5 = 2 high-sulfur coal from the Dongpo Mine, Weibei
Coalfield , Shaanxi, North China,with emphasis on anomalies of gal-
lium and lithium[ J]. Minerals,2019,9(7) :402-411.

SUN B,LIU Y,TAJCMANOVA L, et al. In-situ analysis of the lith-
ium occurrence in the No. 11 coal from the Antaibao mining
district, Ningwu Coalfield, northern China [ J ]. Ore Geology
Reviews,2022,144.104825.

. P9 % KGR RT 11 ST % 5 BRI 27 R AE
[DJ. dest: B ES MR (dEa0) ,2019.:15-43.

YANG Chao. Mineralogy and Geochemistry of No.11 coal from the
Antaibao open-cut mine, Shanxi Province[ D]. Beijing: China Uni-
versity of Mining and Technology-Beijing,2019;15-43.

SUN Y,ZHAO C,ZHANG J,et al. Concentrations of valuable ele-
ments of the coals from the Pingshuo Mining District, Ningwu
Coalfield , northern China[ J]. Energy Exploration & Exploitation,
2013,31(5) :727-44.

ZHAO L,WARD CR,FRENCH D, et al. Origin of a kaolinite-NH,-
illite-pyrophyllite-chlorite assemblage in a marine-influenced an-
thracite and associated strata from the Jincheng Coalfield , Qinshui
Basin, Northern China[ J]. International Journal of Coal Geology,
2018,185:61-78.

ZHAO L,DAI S,NECHAEV V P et al. Enrichment origin of criti-
cal elements ( Li and rare earth elements) and a Mo—U—-Se—Re as-
semblage in Pennsylvanian anthracite from the Jincheng Coalfield,
southeastern Qinshui Basin, northern China[ J]. Ore Geology Re-
views,2019,115.103184.

WANG X,WANG X,PAN Z,et al. Mineralogical and geochemical
characteristics of the Permian coal from the Qinshui Basin, northern
China, with emphasis on lithium enrichment [ J ]. International
Journal of Coal Geology,2019,214.:103254.

VGG R P LR T 22 0 X8 A5 A 2 O e R IR A LA ().
AR ,2018,46(8) :196-201.

SUN Fumin. Occurrence regularity of lithium in No. 8 coal seam
of Gujiao mining area in Xishan coalfield[ J]. Coal Science and
Technology,2018,46(8) :196-201.

WANG X,ZHANG L,JIANG Y ,et al. Mineralogical and geochemi-
cal characteristics of the early Permian upper No.3 coal from south-
western Shandong, Chinal J]. Minerals,2016,6(3) :58.

DAI S,XIE P,JIA S,et al. Enrichment of U-Re—V-Cr-Se and
rare earth elements in the Late Permian coals of the Moxinpo
Coalfield , Chongqing, China; Genetic implications from geochemical
and mineralogical data[ J]. Ore Geology Reviews,2017,80.1-17.
ZHOU M,ZHAO L,WANG X, et al. Mineralogy and geochemistry
of the Late Triassic coal from the Caotang mine, northeastern
Sichuan Basin, China, with emphasis on the enrichment of
the critical element lithium [ J]. Ore Geology Reviews, 2021,

139:104582.



%551 2

B HER P BRE BAE S BT RS

1759

[28]

[29]

[30]

[33]

[35]

[37]

[38]

[39]

[40]

LI W, TANG Y. Sulfur isotopic composition of superhigh-organic-
sulfur coals from the Chenxi coalfield, southern China[ J].Interna-
tional Journal of Coal Geology,2014,127.3-13.

DAI S,ZHANG W ,WARD C R, et al. Mineralogical and geochemi-
cal anomalies of late Permian coals from the Fusui Coalfield , Guan-
gxi Province, southern China; Influences of terrigenous materials
and hydrothermal fluids[ J].International Journal of Coal Geology,
2013,105:60-84.

JIU B,HUANG W ,MU N. Mineralogy and elemental geochemistry
of Permo-Carboniferous Li-enriched coal in the southern Ordos Ba-
sin, China ; Implications for modes of occurrence , controlling factors
and sources of Li in coal [ J]. Ore Geology Reviews, 2022,
141.104686.

70U J,CHENG L,GUO Y, et al. Mineralogical and geochemical
characteristics of lithium and rare earth elements in high-sulfur coal
from the Donggou Mine, Chongqing, southwestern China[ J]. Min-
erals,2020,10(7) :627-638.

CHEN J,CHEN P,YAO D, et al. Mineralogy and geochemistry of
Late Permian coals from the Donglin Coal Mine in the Nan-
tong coalfield in Chongging, southwestern China [ J]. International
Journal of Coal Geology,2015,149.24-40.

FINKELMAN R B,PALMER C A,WANG P. Quantification of the
modes of occurrence of 42 elements in coal [ J ]. International
Journal of Coal Geology,2018,185:138-160.

SEREDIN V V,TOMSON I N. Metallogeny of Primorski Krai con-
nected with Cenozoic rifting processes [ A ].The pasific ore belt:
Data of new investigations [ C ]. Dalnauka, Vladivostok, 2008
192-209.

DAI S,CHOU C-L. Occurrence and origin of minerals in a cha-
mosite-bearing coal of Late Permian age, Zhaotong, Yunnan, China
[J]. American Mineralogist,2007,92(8-9) :1253-1261.
SUSILAWATI R, WARD C R. Metamorphism of mineral matter
in coal from the Bukit Asam deposit,south Sumatra, Indonesia[ J .
International Journal of Coal Geology,2006,68(3-4) :171-195.
ZHAO L,WARD C R,FRENCH D, et al. Mineralogical composi-
tion of Late Permian coal seams in the Songzao Coalfield, south-
western China [ ] ]. International Journal of Coal Geology, 2013,
116-117.208-26.

PERMANA A K,WARD C R, LI Z,et al. Distribution and origin
of minerals in high-rank coals of the South Walker Creek area,
Bowen Basin, Australia[ J ] . International Journal of Coal Geology,
2013,116-117.185-207.

LI B,ZHUANG X, LI J,et al. Enrichment and distribution of ele-
ments in the Late Permian coals from the Zhina Coalfield , Guizhou
Province,, Southwest China [ J |. International Journal of Coal
Geology ,2017,171:111-29.

GLANZMAN R K,MCCARTHY J H,RYTUBA ] J. Lithium in the
McDermitt caldera, Nevada and Oregon[ J]. Energy,1978,3(3) :
347-353.

BT PR, s, 25K U 0 B 3 IR A 8 R AL B R
[J]. HBIEIT,2015,61(1) :34-44.

ZHAO Yuanyi, FU Jiajun, LI Yun. Super large lithium and bo-

ron deposit in Jadar Basin, Serbia[ J]. Geological Review, 2015,

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

[53]

[54]

61(1):34-44.

RO, BT, VL, 45 SRR RS L R SRR M R B S
XLI]. B ,2020,65(1) :53-59.

WEN Hanjie, LUO Chongguang, DU Shengjiang, et al.
Carbonate-hosted clay-type lithium deposit and its prospecting sig-
nificance[ J]. China Science Bulletin,2020,65(1) :53-59.
AR X T, SRR ZHi A 5 0 K AL b AR A A s
XFLEWSEL 1], DURRAEAR, 1997,15(2) :134-137.

REN Zhanli, ZHAO Zhongyuan. Late mesozoic comparative
research on the geothermal field of the Ordos Basin and Qinshui
Basin[ J]. Acta Sedimentologica Sinica,1997,15(2) ;134-137.
AEMCR], F0 , B2 45, SRR 230 g PR AL sl B R
BIREHIERI[D]. Hi%ERT4%,2017,24(3) ; 137-148.

REN Zhanli, YU Qiang, CUI Junping, et al. Thermal history and
its controls on oil and gas of the Ordos Basin[ J].Earth Science
Frontiers,2017,24(3) :137-148.

LI J,ZHUANG X, YUAN W, et al. Mineral composition and geo-
chemical characteristics of the Li—Ga—rich coals in the Buertaohai-
Tianjiashipan mining district, Jungar Coalfield , Inner Mongolia[ J].
International Journal of Coal Geology,2016,167:157-175.

DAI S,REN D, CHOU C-L, et al. Mineralogy and geochemistry
of the No. 6 Coal ( Pennsylvanian) in the Junger Coalfield, Ordos
Basin, China [ J . International Journal of Coal Geology, 2006,
66(4) :253-270.

DAI S,Z0U J,JIANG Y et al. Mineralogical and geochemical com-
positions of the Pennsylvanian coal in the Adaohai Mine,
Dagqingshan Coalfield , Inner Mongolia, China: Modes of occurrence
and origin of diaspore, gorceixite, and ammonian illite[ J ].Interna-
tional Journal of Coal Geology,2012,94:250-270.

XIE P,HOWER J C,NECHAEV V P et al. Lithium and redox-
sensitive (Ge,U,Mo,V) element mineralization in the Pennsylva-
nian coals from the Huangtupo coalfield, Shanxi, northern
China: With emphasis on the interaction of infiltrating seawater and
exfiltrating groundwater|[ J |. Fuel,2021,300;120948.

SUN Y, YANG J,ZHAO C. Minimum mining grade of associated
li deposits in coal seams[ J]. Energy Exploration & Exploitation,
2012,30(2) :167-170.

DAI S,FINKELMAN R B. Coal as a promising source of critical el-
ements ; Progress and future prospects [ J ].International Journal of
Coal Geology,2018,186:155-64.

DZ/T 0203—2002, 547 4 Jai i7" S ) A LY [ S ]

FRZE ZERAE XIAR A5 T DR ¢ B AR X s i o
[M]. 2B, B R 24 it ,2015:218-219.

DAI S,ZHAO L,PENG S, et al. Abundances and distribution of
minerals and elements in high-alumina coal fly ash from the Jungar
Power Plant, Inner Mongolia, China [ J ]. International Journal of
Coal Geology,2010,81(4) :320-332.

MA Z,SHAN X,CHENG F. Distribution characteristics of valuable
elements, Al,Li,and Ga,and rare earth elements in feed coal, fly
ash, and bottom ash from a 300 MW circulating fluidized bed boiler
[J]. ACS Omega,2019,4(4) :6854-6863.

HU P,HOU X, ZHANG ], et al. Distribution and occurrence of

lithium in high-alumina-coal fly ash[ J].International Journal of



1760

%X

1’ 2022 4EH5 47 4

[55]

Coal Geology,2018,189.27-34.

APERR, ] SR AR, A AN RITE AL A R TR R K T B A R
BIA R[] BREERLEDFST,2018,31(3) :569-576.

ZHAO Zesen,GAO Jianming, GUO Yanxia, et al. Acid-alkali disso-
lution characteristics of lithium in fly ash under different activa-
tion conditions [ J ]. Research of Environmental Sciences, 2018,
31(3) :569-576.

IREL, ZEE N, (Rt 25 BRI IR R AN He 28 T 2 him fi iR
R IBETET]. A G R R (REEHT) ,2015(4) :17-19.
DAI Hong, LI Yanheng, HOU Xiaoqi et al. Study of factors affecting
lithium leaching rate from coal ash in sodium carbonate sintering
process| J ]. Non-Ferrous Metals ( smelting part ), 2015 (4 ) :
17-19.

BTN e SRR e 8 8 R A DR 2 o T8 Bk ol PR 352 o R A
WRFE[D]. dtat. s EBEBE R, 2018 :45-61.

HU Pengpeng. Occurrence of lithium in high-alumina-coal fly ash

[58]

[59]

[60]

[61]

and its leaching behaviors during pre-desilication [ D ]. Beijing:
University of Chinese Academy of Sciences,2018.:45-61.

XU H,LIU C,MI X, et al. Extraction of lithium from coal fly ash by
low-temperature ammonium fluoride activation-assisted leaching
[J]. Separation and Purification Technology,2021,279.:119757.
MA Z,7ZHANG S,ZHANG H,et al. Novel extraction of valuable
metals from circulating fluidized bed-derived high-alumina fly ash
by acid-alkali-based alternate method[ J]. Journal of Cleaner Pro-
duction,2019,230,:302-313.

ZHANG W,NOBLE A,YANG X, et al. Lithium leaching recovery
and mechanisms from density fractions of an Illinois Basin bitumi-
nous coal[ J]. Fuel ,2020,268:117319.

XU Z,WANG X,SUN S. Performance of a synthetic resin for lith-
ium adsorption in waste liquid of extracting aluminum from fly-ash

[J]. Chinese Journal of Chemical Engineering,2022,44.115-123.



