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Abstract

This study aims to introduce and economical review on the possibilities of rare earth elements(REEs) recovery from coal ashes
and the analysis of economical evaluation factors based on the data for securing domestic rare earth elements. The cut-off grade
of REEs on recovering from coal ash was confirmed to be 1,000 ppm on total rare earth oxides(TREO) basis, and while the
economic value of coal ash changed with contents and specific elements of rare earth elements. This shall be resulted in the price
differences of rare earth elements required by the current industry, and it probably varies depending on the future demand of
rare earth components. For developing of commercial recovery technology on REEs in coal ashes, many researches have been
carried out by various analyzing methods, such as evaluation of holding value of REEs in ashes, assessment between supply and
demand of industry, comparison of investment and its profitability for the REEs’s production from coal ashes, and so on.
Although these methods have been suggested, its recovery system with economical feasibility could not been confirmed up to
present. In this reason, the process design of recovering REEs from coal ash shall be researched continuously to solve the prob-
lems of the global rare earth market. And also these researches shall be conducted actively in Korea for the purpose of securing
the REEs resources and their recovering technologies.
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Table 1. Production and recycling status of coal ash in the
world (2013)

Nation Prog\l/lglon Reg/ftl)mg Recyc(l;;lf ratio
Australia 13.1 6.0 45.8
Canada 6.8 23 33.8
China 395.0 265 67.1
Europe(Eul5) 52.6 47.8 90.9
India 105.0 14.5 13.8
Japan 11.1 10.7 96.41
Middiﬁszt and| 35 34 10.6
U““Z‘inizctzs °ofl 11801 49.7 .1
Asia (etc.) 16.7 11.1 66.5
Russia 26.6 5.0 18.8
Total 777.1 415.5 53.5
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Table 2. Methods for economic evaluation of coal ash

No. Analysis method
I Evaluation of holding value of rare earth elements in coal ash
I Relationship between supply and demand of individual REE forecast over the next few years

Estimation of the industrial scale cost and revenues of production of REEs from coal ash by combining prior laboratory
results, scaling models, combinatorial scenarios and sensitivity analysis

| H

Economic evaluation with change of process conditions

2, 2A 4o Bt %“S(Table 2oE B8 715 8
foml AL BAY SRS AT A 44 3
o U AT FED AoR TASISII0E)

4.1. ZHM ™I WY Case- | B|ER &2 0|8
St i)

B 7HX H7pige HeA| 5 f8EE AR §
F, 71 2 Ak BAFS FRlste] W3] AekA|
o] X3E FEIFHAR] Faoll ik ALLS B3 7t
X2 H715E HPgolth(Fig. 2). AeAe] 71XE #rlst
7] 18l fr8es R IS 2, AR B
S AR &, 7 fEEE dae] 7HE S ekl v

g Hr¥shs Wygeltt. o

Evaluation of holding value of rare earth
elements in coal ash

V

Verifying the rare earth elements content in
coal ash

V

Investigation of the generated coal ash from coal
power plants

Calculation of rare earth elements in coal ash
using by price, contents of rare earth elements
and generated coal ashes.

Fig. 2. Flow sheet for Economic evaluation of coal ash
(Case-I).
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Relationship between supply and demand of
individual REE forecast over the next few years
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Fig. 3. Flow sheet for Economic evaluation of coal ash (Case-II).
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@ TEA (Techno-economic analysis) analysis
A
Estimation of project economics with supercritical
extraction process of rare earth elements from coal ash
Cost Revenue Estimation of the industrial scale cost and
Capital revenues of production of REEs from coal
@ Reagent Determination of the value | feeeeeees ash by combining prior laboratory results,
Energy of REE oxide abtained from scaling models, combinatorial scenarios
Labor process e .
Transport and sensitivity analysis
Evaluation of revenue and cost scenarios for
supercritical extraction of REE from coal ash
. . Suggestion of the factors critical to the
Maximum profit scenario e [N
economic viability of the process
Fig. 5. Flow sheet for Economic evaluation of coal ash (Case-III).
Table 3. Cost for economic evaluation method
No. Cost Contents
1 Capital Determination from a scaling model based on empirical data from smaller industrial scale vessels
2 Reagent Calculation by multiplying material requirement by price
3 Energy
Determination using empirical data from other supercritical extraction processes
4 Labor
Estimation using by assuming distance from coal plant to extractor and assuming truck transport between
5 Transport R
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@ Economic evaluation with change of process

conditions
@ REE recovery from leachates of coal fly ashes by | Ascertainment of REE recovery with
Microfiltration(MF) and Nanofiltration(NF) filtration process from reference data
Cost
— Equipment Economic evaluation of process
@ - lf;"lhty s sition | | operating and capital costs such as pH
Tonherey o memememes »  Best condition adjustment, MF-pretreatment and
— NF capital
— pH adjustment pressure
Confirmation of operating and capital costs for the
process
@ Optimal scenario proposition e Optimum NF operating conditions

Fig. 6. Flow sheet for Economic evaluation of coal ash (Case-1V).

A9l 85 34 % olo] Uid FHE ANE  el(kelday, kglyear), BE A gPME + 2
WolthFig. 6). Borte 5 AEA FEUNoENE /) ANsle] Bt vk 248 Mg B
SER YEe Besb] el e BE T4 A8s DS T AN BAS A T, Zae ws
of B5gel Be AL BT, the FH B S@E B, pH, 4 L 2E)] Akl 48HUS
e 1Ee S8 32 PEel K WHS BT o Uold F YE AAE AFFL, A AAE WL
S ok ANSEOr, A4 BAE 98 e I sd AN 71 Be 202 sRIskT AREL
B $AL ol8slel IERE MUHOR FESe 4 = FYEF F pH U ol Wk e FEoles
B8 M1, AAHY FES NG FPAF@EAY o NERE A5she 1§ Holvt gov], e
B HEER, pH, 4 % Alehsel tit Adeles  BERe A4 A6l A897] 95 Al wE
Bkt F ol Ba A7 SR tieiE A s,
AzHoz SER FEe| /143t R NuA A
Pulge vmsle] BANES BES. 85 $IS 5 2 MERY MM BI} AT W
AN o F, TR JTL A I 2ATS B
Hajol 44 A9 HRel H8F F Pe HARAS  FLlH ArEw g A i SEF AN
&Stk 2R BE, solx, WE, 28PN Wk gl g 2ALE AAsgon, 4 A7 a8
W ONE AP B e AUE THET. 271 8 AR Bkl nAE Fa ek zjo] W sk
ARG S FE AYTFE W AP WA 2] o PR Slsklnh. A BdelE Al =
whe] ol wlastel el mE AANE BARE  9F SRR ARS A5 L AFoR whsks A4
o QU BEwAl, ouA] 0], AeF FUF W RS Husjolsty] ] ol tha WA B4 2
NS e Q2B T} Jom, FEAS P/t R olHY olfE FIHE 27 W
29E AERE 05T 4 Ut AF $YL =250 L 5o PR BRI AEsgon, JER Y3 3
. HE AN Bk HER AGke, N8 A FB A% WEE TG, Aok, ouA L 5%

AAEPe1EE Al 28 A Al 6 5, 2019



34 gzl

Hlolet. $elutele)
A% A At

o,
"G
e 2
T

-
=

Ly

(nt

ot

=,

_O‘L

N

G A4 Aol Aol wEE Bao] g ¥
3 Agolnl, %9 A Bk e Tl A8
Zole MRl B4, 315 /1% 2 A Fe) Ao}

9] ofeieol AUtk web] G5 S AelerE 3
R 4o 558 98 A Amdle tae 24
3 o] 97l Basiha BeEtt. 344 WS
98 /1% AFEE FhAN WET Y= F e
o @, AekAlel B, AR B, AEF i 28
o 4% 0 SER A e ZALlTh, A17E sl
0E 7 P59 WE] A4S JER AR A%
Q Al EFHolekn HekE, SEF A% 2
AE SRR 94 F Fart EAY el et 3
18 Ao dyEE FES HAE Bast k. of
Fole A&HoR ol bed AeAlE s
HER H5E A8 A7EA v, 44 9 AT 5
chke o AAsh, RS A, 4 2 9
EF 85 S40] fA MeAlE RRale] Helshe
wpge] Wasitha R oleld ol Wik A
4] Afolel og AekAl 2 SRR e 54 Fol
27 Wsie) wEeld). R A48 A% 24 =
o] F1E, oleist AY 2AL Al W) 28
A asE MSEIA, =5 2 5 5 A}
of AA . Fhsel g FAH =92 skt Aol
2asity B,

12

gasi iz s dadEre sER
HE 958 BHoR @ AN Bl B AEE
Easgon, test 2e AES At

2} AjekAlel g Ao
SRR S5 2 AR bt A9E T gow, F2
vl R Tk AR ARle) Agar) Sle)
9 ulg W o] T ARAGE BRI ol m
2 o) 43 JPst ARl o8 AEske AoR el
gk A4 BE s dad F IR dRe
8557 918 TR oba AAl Aol Hgalel

ot
L
Ll
toe
9
ol
N
ﬁ
o

rl

J. of Korean Inst. Resources Recycling Vol. 28, No. 6, 2019

AR oA

59 lerron Ielsgdon), g ue 4
g 9% A0 FAE A9 Zow Bew
ok e A%, ARzt i RS Qo Au
AZRE SER H5E 9% ZAY B} 2 25 7]
2ol BE ATE AR PH S, o] 7
Ao ARG L A Fu ogers BHoE Aek
% SER 35 e DY Hopel A7 B AwT}
Positha B 0% 913 12 A=A el
A wEE Nelel 3, £, SRS 8% 2 9
ok Aol ek 2AbL Bash, videl e 37
7 dpgsie e e FEsE s, 7% 3
7 Folls A S} AR Sle) HER 35 24
o 2§ 5d MRS tgow SER Yol 35
2 A B B A7L asih oHG A7E
Bal Sl A9 B g /P5S AF JER 35
Fob TRl g, polulgol Be MR A%

o)

F

392 %Y
9 A&7P5e WA Ago] s ek

HAle| 2

F

o] = IR FEHY A7 /NEANE @A
3. 2019002220002)8] A Q& ®rol 2PAg =Tt
TEgk 20199 gty HAdwd 7lEdTH] A
AR el Aol oJste] e e, ool 7 A=
Yyt

References

1. Electronic Power Statistics Information System : http://
epsis.kpx.or.kr/epsisnew/selectEkgeGepGbpGrid.do?menuld
=040204

2. Korea Environment Institute, 2014 : Minimizing Environ-
mental Impact in Accordance with the Thermal Power
Plant Ahs Management(I)

3. https://www.posri.re kr/ko/board/content/15958

4. Ronghong Lin et al., 2017 : Enrichment of rare earth
elements from coal and coal by-products by physical
separations, Fuel, 200, pp.506-520.

5. R. S. Blissett, N. Smalley, and N.A. Rowson, 2014 : An
investigation into six coal fly aches from the United
Kingdom and Poland to evaluate rare earth element
content, Fuel, 119, pp.236-239.

6. Shifeng Dai and robert B. Finkelman, 2018 : Coal as a
promising source of critical elements: Progress and future
prospects, International Journal of coal Geology, 186,



AebAell ZE SEFe] AV Bt 35

pp-155-164.

Low Concentration Rare Earth Elements in Korean

7. M. B. Folgueras, M. Alonso, and F. J. Fernandez, 2017 : (Samcheok) CFBC Bottom Ash Samples, Sustainability,
Coal and sewage sludge ashes as sources of rare earth 11(9), pp.25-62.
elements, Fuel, 192, pp.129-139. 18. U.S. Deoartment of Energy : https://www.energy.gov/

8. Wojciech Franus et al., 2015 : Coal fly ash as a resource 19. A. Jordens et al., 2013 : A review of the beneficiation of
for rare earth elements, Environ Sci Pollut Res, 22, rare earth element bearing minerals, Miner. Eng., 40,
pp.9464-9474. pp.97-114.

9. Ross K. Taggart et al., 2016 : Trends in the Rare Earth 20. Ross K. Taggart, James C. Hower, and Heileen Hsu-Kim,
Element Content of U.S.-Based Coal Combustion Fly 2018 : Effects of Roasting Additives and Leaching
Ashes, Environ. Sci. Technol, 50, pp.5919-5926. Parameters on the Extraction of Rare Earth Elements from

10. Allan Kolker, et al., 2017 : Distribution of rare earth Coal Fly Ash, International Journal of Coal Geology,
elements in coal combustion fly ash, determined by 196(1), pp.106-114.

SHRIMP-RG ion microprobe, International Journal of 21. Jack F. King, et al., 2018 : Aqueous acid and alkaline
Coal Geology, 184, pp.1-10. extraction of rare earth elements from coal combustion

11. Gi Young Jeong, Seok-Hwi Kim, and Kangjoo Kim, 2015 : ash, International Journal of Coal Geology, 195, pp.75-83.
Rare Metal Chemistry, Microstructures, and Mineralogy of 22. V. V. Seredin, et al., 2010 : A new method for primary
Coal Ash from Thermal Power Plants of Korea, J. Miner. evaluation of the outlook for rare earth element ores, Geol,
Soc. Korea, 28(2), pp.147-163. Ore Deposits, 52(5), pp.428-433.

12. Chung Han Yoon, et al., 1996 : Trace Elements and Rare 23. Saptarshi Das, et al., 2018 : Techno-economic analysis of
Earth Elements in Coal Fly Ash From the Samcheonpo, supercritical extraction of rare earth elements from coal
Seocheon and Youngdong Power Plant, The Korean ash, Journal of Cleaner Production, 189, pp.539-551.
Society of Mineral and Energy Resources Engineers, 33, 24. Maryam Ghodrat, et al., 2016 : Techo economic analysis
pp.82-89. of electronic waste processing through black copper smelt-

13. J. K. Lee and J. Y. Kim, 2013 : Recovery potential of rare ing route, Journal of Cleaner Production, 126, pp.178-190.
earth elements in coal ashes, J. of Korea Society of Waste 25. Borte Kose Mutlu, et al., 2018 : Application of nano-
Management, 30(1), pp.94-99. filtration for Rare Earth Elements recovery from coal fly

14. Seok-Un Park, et al., 2015 : Evaluation of Some Rare ash leachate: Performance and cost evaluation, Chemical
Metals and Rare Earth Metals Contained in Coal Ash of Engineering Journal, 349, pp.309-317.

Coal-Fired Power Plants in Korea, J. of Kore Inst. of
Resources Recycling, 24(4), pp.67-75.

15. Junho Maeng, Dong-Hwan Suh, and Taeyoon Kim, 2014 : S of x|
Minimizing Environmental Impact in Accordance with the = < =
Thermal Power Plant Ahs Management(ll), Korea ) ) )

Environment Institute :}1}3?}]:—@: :}j;}i:‘iﬁigii:j}
16. Korea Environment Institute, 2014 : Minimizing Environ- . %z‘ﬁ fﬂ——'} 814920 5‘:1]‘{_ 05 :r: " C‘)io ;7]; )
mental Impact in Accordance with the Thermal Power A7)
Plant Ahs Management(II)
17. Lai Quang Tuan, et al., 2019 : Leaching Characteristics of
TR of M
-7t eta oluix A Fek Foh} - Al AQEa B
« @A 7S AR Adgett A -

a

 33]A] A28A 28 F=E

e

[¢]

O REEE e A

A ALt oA AL gets ms
ata)4] A28 25 Fx

¢

oft

AAEPe1EE Al 28 A Al 6 5, 2019



