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Table 1 Rare earth element content in the coal ash in various areas of the world

Region S RE/107° Region S RE/107¢
UK 246 ~481 Tadjikistan'”’ 950~2113
Poland!*] 308~359 Russial”! 841~8426
Lower Kittanning! !/ 250~750 Belorussia'”! 5035
South Korea!'! 160 ~265 USAL7 1460
Japan!'2] 128 Southwest Chinal”! 804~ 1968
South Korea!"! 188~587.2 Inner Mongolia'”/ 721 ~1247
South Korea! '] 294. 87 Yunnan!”) 1018~ 1465
Poland! %] 101. 12~543.08 Guangxi'”’ 948 ~ 1180
Appalachian [¢! 591 Huainan® 491~2282
Ilinois!®! 403 Xiaolongtan Basin!%] 46. 6~ 181
Powder River basin!® 337 Liupanshui’ '’ 166~441
Mongolial”? 2263 Songzao! '] 63. 8~640

P O3CHR[ 7] PR 1 T0 3 B R - A T R @S BB 18 P39
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Fig. 1 The technology of combined extracting

Ga, Nb and RE from the coal ash'"’
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Fig. 2 The technology of combined extracting Si, Al and RE from the gangue

2 Orbite A B X7 4 70 2 A9 LI A 4
IR EALR B R AR 2 . HAE S ity & A2
UV KB T A B B A A BB (BR VBR WA T
£ B0 Y O R 8

XK T 2 R0 T 2 A SR, T I AR
T PR 210 10 gk 2 9 Ak B L, R ik U B K i BBUME
IR R RE SR OT R . AR5 FRE A DOTE k|
A R IR S Tk B e Lot R, B
I E O A MK P HEEL Si Al Ga B2, 11

[14]

ABERE 7 B PRI HOUR A R S A A &, AT
B IEEHE b A 0 2 AT BE Y B [l WA T, 52 B0k
BRI 70 2% o RN, A R 215 SR T IR A 225

AL P
4 IR E EE

4.1 BRiRpREFH L TR WAIAK
BE A [ N A1 L 52 2 3 X T B B BIF 58 A Wi
A, — RN M BER P 4 BUA M o R R



3¢

128 i

+ 539 &

BT K MR, 33X 25 M5 K1 e IR A R At T AT
RE. LG Y B = LA RORE A 1 L i ol
NATE B T DV R A R B BORE B A 4
& & REEAN TR E, A E
A LU IR A SR (5275 4 141 40 7 i i 42 4 4]
100 J7 0 K JH 20 J7 ) Rk (R 20 5 0
xR A JC R B (AR MERE 4000 M) 25 1Y
Tl Ay e

TR S B T 28 7 Ml Ak D7 T, 56 B TS
TR R, 2015 AFE G E BE IR AR SE TR A
Ko ERLRE A 10 NI H |, IF 17
R, RS RO O TR B AR R 56 [ AR R IX
W IR RS IRREAS | FLEAT T — 283 50 oo %
e R0 AR i 55 [ RE VR R B4 A 9T B I
2020 AFHUAT LA JE KA, 5] 2025 4 AT LL4%
AL Tl A =2 E T |
4.2 BRRAPRBHELITENEER

4.2.1 RPN S

I, IR HRE I 482 SO 58 2 18 I 1) 5 K )
P T % N NS P <7 S R 1 T = e S ES
HEFRARXT AR FLBE SE LG 76 B 1) 34 T, IEFE
FRZA Z T, BRTC 26 hilde &l
W, ENEBESE AL TR R 1 0 FR 15 O
FERASIRFFE T 1H . B B IR A AE SR IR L | &5
AR 0 TR A7 175 100 38 15 A 45837 45 ) A, L I A
MRS 2%  ARMEFR ) — 38 FH T A 8 R R K
(3 FHE AR S, BT DL T8 B9 TAEE TP K
WA AR,

4.2.2  ZUFHERE

BT B 7 320 5 [ e R F 92 o0 ( AAERC) BF 5%
TR TR A3 R e i IR v A1 (L ) s 4 i G A T
f&F 200 3£ 0/, i Neumann Systems 23 &) 4] 2
VAR TRy rb T 0 B n] SRR 4 T v R 1, R
254 400~750 o0/ FIRTR IR, Hi R
H ETTT A WA K-, 6w 25 5 A A2 0 1 a7 A 1Y
K IRANAE 3 ) FT L3k B B 245 SEI0 A1 210 36
JCo HHMGAT DL MBEIR i 4 BRGS0 R BA —E 1

R4 B S

SR H 2 5 2 R A ROk, T8 AR
U T BEREEAE IR BUE A OC AUPE E K h
AR - OC R M E IR AR AR, T HL %Oy Y
AR WAL T 5T B B, BEAR A B, i DL 28 55 /]
FIPERA FREIE

4.2.3 BN

M IR H 4 B + o0 2 2 200 AN A L X
IRV AE S, — J7 T, % B DL e R e
Jo Y AR 7 R Ry EORE A B R — Bl £
THEEM AR, J)—J5 T, 768 A 5 U 2
SR ZFOR Y, 15 Y BT, IR AR AL
F14) Ab B4 1) 31X S8BT 105 e ), E Sz AR
AR R T HRSE, R, AR B DL R
JUAS 5 T8 B 5% i 00 DR 14 it 32 3 7 34 B 5%
) @ #1945 TSt B A B 52 e O 1 4
Ja& 1 R 5 KU

5 %4iE

BRI AR BOR - 70 3 AT LA R0 22 i 18]
(INFRYPE Y/ FN € AT i ST ALTE I N DR Vi
s U E R L7 Al F RIS BE K Hh i ORS00
X —J7 ) b [§ A A B BIFSE B A AT R P
FICERBIRAF GO , HEK R LD R AR LR
JRFERRR WO LT R M > B X = AN Tr T, AL
FHEBK ISR EA LR R BHSE& , LL
WS IR B 70 % i AR, 3 AR R %7 1)
P PR FERIBUAS T R ik I , [ P A AR
IR PSR FOCR LA B, EE B A iR A
B, B L 57 S AN B A DL B A 5 1R
FOURA) A e R, A R R AR PR 2 A A R 42
WO o0 2B Tl AR B A B, B Hh 2 U
TIT R WA ACA AT LAY R e A 477 4 5
FBHIERTBE , 5 T3 [ A T R £ A7 P B35 A A,
7 ELX T 1 5 00 B ™l & J B E 2 g
X



553 HIDEMS A5 R IR + 00 R Kk Ak B 129
PR (9] XUscrb BRME, B, 45 e I SR = b + 8
RFEM R[] ik, 2009,34(6) :814-818.
(1] ZHERER LT[ D ] 65, d E R K Liu W Z, Chen P, Chen J, et al. Comparationon abun-
22 (4bET) ,2007. dance of rare earth elements in Huainan coalsand their
Luo F. Research on China’ s Rare Earth Supply and combustion products [ J ]. Journal of China Coal Society,
Demand Forecasting [ D ]. Beijing: China University of 2009,34(6) :814-818.
Geosciences ( Beijing) ,2007. [10] Wk2E,ZERE, LB S ZHIRB =Y KR K B

(2]

[3]

[4]

(5]

(6]

[7]

(8]

FEYRF oy DR IR T BLR B2 2050 4 e B[ A].2014
E PRI B A 255 R B R B PR 22 i oK 43
WICAE[CT. WM, 2014

Cui Y S.Present situation and prospect of fly ash utiliza-
tion in China[ A].2014 International Fly Ash and Desul-
furization Gypsum Comprehensive Utilization Conference
Proceedings[ C].Shuozhou, 2014, 1-4.
YRR, X1, 227, 45 A A AL
i 1,2016,37(6) . 146-154.

B [T].

Li Z M,Liu Y L,Li P.Analysis of global rare earth supply
trend[ J |.Chinese Rare Earths, 2015,37(6) :146-154.
Blissett R S, Smalley N, Rowson N A.An investigation
into six coal fly ashes from the United Kingdom and
Poland to evaluate rare earth element content[ J |.FUEL,
2014,119,236-239.

Danuta Smolka-Danielowska. Rare earth elements in fly
ashes created during the coal burning process in certain
coal-fired power plants operating in Poland Upper Silesian
Industrial Region[ J].Journal of Environmental Radioac-
tivity ,2010, 101 :965-968.

Ross K Taggart, James C Hower, Gray S Dwyer, et al.
Trends in the rare earth element content of U.S.-based
coal combustion fly ashes[ J].Environment Science Tech-
nology ,2016,50, 5919-5926.

Vladimir V Seredin, Shifeng Dai.Coal deposits as poten-
tial alternative sourcesb for lanthanides and yttrium[ J].
International Journal of Coal Geological,2012,94(5):
67-93.

BT R R 0 R Y 4 AR IS R AR I Y
[J]. 7 B4R, 2014,33(5) 441-444.

Lei P.Study on characteristics of rare earth elements in fly
ash with SEM/EDS [ J ]. Journal of Chinese Electron
Microscopy Society,2014,33(5) .441-444.

[11]

[12]

[13]

[14]

[15]

[16]

Hir L TC R MR Al 27 R S AR O A [ 1] s Bk AL

2003,25(3) :491-500.

Yao D x, Zhi X C, Wang X. Geochemical feature and
laws of concentration and dispersion of rare earth ele-
ments between coals and their fly and bottom ash[J].
Geachemical ,2003,25(3) :491-500.

Steven J Schatzel, Brian W Stewart. Rare earth element
sources and modification in the Lower Kittanning coal
bed, Pennsylvania: implications for the origin of coal
mineral matter and rare earth element exposure in under-
ground mines[ J]. International Journal of Coal Geology,
2003,54. 223-251.

Thenepalli Thriveni, Yujin Jegal, Ji Whan Ahn. Charac-
teristic Studies of Yttrium Extracted fromCoal Ash,
SoutKorea [ OL ]. http://www. inase. org/library/2015/
barcelona/bypaper/ EEED/EEED-03. pdf, 2015/2017-
03-12.

Seok-Un Park, Jae-Kwan Kim, Yeon-Seok Seo, et al.
Review on evaluation of rare earth metals and rare valua-
ble metals contained in coal ash of coal-fired power
plants in Korea[ J]. KEPCO Journal on Electric Power
and Energy, 2015,1(1) :121-125.

Randolph E Kirchain, Bart Blanpain, Christina Mesker,
et al. REWAS 2016 [ M ]. Berlin: Springer International
Publishing,2016:121-127.

W Franus, MM Wiatrosmotyka, M Wdowin. Coal fly ash
as a resource for rare earth elements| J |.Environmental
Science and Pollution Research,2015,22(12) .94-118.
Josiane Ponou, Gjergj Dodbiba, Ji-Whan Anh, et al.
Selective recovery of rare earth elements from aqueous
solution obtained from coal power plant ash [ J].Journal
of Environmental Chemical Engineering,2016,4:3761-
3766.



130

Fi

+

539 &

[17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

Shunsuke Kashiwakura, Yuichi Kumagai, Hiroshi Kubo,
et al.Dissolution of rare earth rlements from coal fly ash
particles in a dilute H,S0, solvent[ J].Open Journal of
Physical Chemistry, 2013,3:69-75.

J Catus Moszko, B Biatecka,M Cempa-Balewicz. Evalua-
ting the possibilities of obttaining initial concentrates of
rare earth elements( REEs) from fly ashes[ J]. Metalur-
gija, 2016,4(55) :803-806.

XINCAR , FH A 415 d A by S v o A 46 Je8 3 - 9 -
i AR A BRI 1] BHE 4R, 2015,33(11) :39-43.
Liu H D, Tian H M, Zou J H.Combined extraction of rare
metals Ga-Nb-REE from the fly ash[J]. Science and
Technology Review,2015,33(11) :39-43.

RIS SRS, G, 45 BT A P oo 3 A HE R
BETZ[I] AT, 2009,28(2) :257-260.

Chen B,Lai Y W,Xiao G S, et al.Technique for extrac-
tion and concentration of rare earth elements in gangue
[J].Global Geology, 2009,28(2) ;:257-260.

TR TR, W Y, A5 — i DO K B A
BT P E . CN105969994A.2016-09-28.

Guo Z h,Wang D N, Chi J Z, et al. A method of extrac-
ting lanthanum from fly ash[ PJ.China; CN105969994A.
2016-09-28.

TRPRES SR AR LT R B A [ T]. BT R AR
1992,2.26.

Zhang Q L.The enrichment of rare earth elements in coal
ash[ J].Shaanxi coal technology,1992,2:26.
FRKSE. M R IR 12 5 WD B Y 03 B AR R BT 5T
[ D]k E AR 2016.

Dong Q S.Study on the technology of separation of lan-
thanum from acid leaching solution of fly ash[ D].Jilin:
Jilin University,2016.

R Boudreault, J Fournier, R Simoneau, et al. Processes

for extracting rare earth elements from various ores[ P ].

[25]

[26]

[27]

[28]

[29]

[30]

US:9410227B2. 2016-08-09.

Tran X Phuoc, Ping Wang, Dustin Meclntyre. Discovering
the feasibility of using the radiation forces for recovering
rare earth elements from coal power plant by-products
[J]. Advanced Powder Technology, 2015, 26. 1465-
1472.

PNV SR A2 1 - 5% A KAT T [OL]. ht-
tp://toutiao. com/i6300408476094956034/, 2016-06-
26/2017-03-06.

Industry forefront.Thirst for rare earth-The United States
saw the coal ash [ OL ]. http://toutiao. com/
16300408476094956034/ ,2016-06-26,2017-03-06.
RS, RO 56 P IRE I Iml i e 3 [ OL ]
http://news.  sciencenet.  cn/sbhtmlnews/2014/10/
293088.shtm,2014-10-21,/2017-03-06.

Li G J,Chen H H.United States intends to recover rare
earth elements from coal[ OL]. http://news.sciencenet.
cn/sbhtmlnews/2014/10/293088. shtm, 2014-10-21/
2017-03-06.

Currie A. Rare Earth from Fly Ash; A Method Explored
[OL]. http://investingnews. com/daily/resource-inves-
ting/ critical-metals-investing/rare-earth-investing/rare-
earth-from-fly-ash-a-method-explored/, 2012-06-25/2017-
03-06.

Lucinda Tolhurst. BRI b £ 45 Ja 19 1 Ml PE T 52
[OL]. http://oicwx. com/detail /623485, 2015-12-14/
2017-03-06.

Lucinda Tolhurst. Commercial research on extracting
metals from fly ash [ OL]. http://oicwx. com/detail/
623485,2015-12-14/2017-03-06.

Mayfield DB, Lewis AS. Environmental review of coal
ash as a resource for rare earth and strategic elements

[A].2013 World of Coal Ash ( WOCA ) Conference
Proceedings[ C]. Lexington, 2013, 22-25.



el B IGEMG A L BE IR R MR TR Bk Al B 131

Extraction of Rare Earth Elements from Fly Ash and Industrial Prospects

MIAO Xiao-peng', TIAN Ya-jun®* , XU De-ping', CAO Jian-fei’

(1. China University of Mining & Technology( Beijing) , Beijing 100083, China;
2. National Institute of Clean-and-Low-Carbon Energy, Beijing 102211, China;

3. Center for Strategic and International Studies, Chinese Academy of Engineering, Beijing 100088, China)

Abstract ; Rare earth elements are the necessary strategic resources for the development of high technology. However, rare
earth elements are rare and unevenly distributed around the world. Finding, discovering and extracting rare earth elements are
of strategic importance for the development of technology industry in China. Rare earth elements are often associated with coal,
and the discovery and extraction of rare earth elements from coal ash is attracting more and more attentions. This paper reviews
the recent development of research work in this field, and summarizes the occurrence of rare earth elements in coal ash and the
extraction method. Through the analysis of policy and research trends of foreign countries in the past five years and the current
research foundation in China, issues of the industrial development were analyzed and the industrialization of extracting rare
earth elements from coal ash in China is prospected. It can provide reference for the development in this field in China.

Key words :rare earth elements; coal ash; extraction technique; industrialization





