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Abstract—Fly ash as industrial waste can be divided into coal fly ash and heavy oil fly ash. Since the
fly ash contains lots of metallic oxides, it can be treated as a second resource from which various valuable
metals may be separated, recovered and refined. The leachants of fly ash are hydrochloric acid, sulfuric
acid and water. The heavy oil fly ash contains a high concentration of Ni, V, Ga and so on, while the leaching
solution from coal fly ash has poorer contents of soluble metal ions than the heavy oil fly ash. Before the
recovery, the adsorption or ion exchange method was used as pre-treatment. For an efficient leaching, two
steps were taken to prevent any disturbance from other metal ions. Such extractants as LIX51, TBP(100%),
TOPO, TOMAC and D2EHPA were used in order to separate, recover and refine Ga and V from the leaching
solution. Gallium was extracted as much as nearly 100% at the concentration of 2 M-HCl when used to
the concentration of 0.1 M TOMAC as extractant, and the extraction of Fe(IlI) showed a similar tendency.
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The selective extraction of Ga could be proceeded after Na,S two times as much as Fe equivalent was added
to aqueous solution. The refinement by way of vanadium extraction appeared in the order of TOMAC>
DP-8R>LIX51 at the range of pH 0-3. The precipitation of co-existent iron ions from raffinate could be

removed by controlling pH at 3 or higher.
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32 Abgle] e} o] Eo] FrlEla sle #H71E9
#AFAE Azsich S71ES o8 71A deE H
A A, o] shedl FEARS FHIEL e
#H7)8-& o] 43}to] rare metal®] EAE AL o) &
AR 3ee A7 s dBete] A U, 2],
EF, o] A7 A2 A HFEH A o BAAo] ¥
& FAolu}, £HF, sl o M Al o
T iAol H3L gleH3,4]. olF A= FE A9 7t
Z) H7] 8ol HAEAZ Futrxs S8k rare
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FAEA e Ba] TeA X, EE HI)E AAY 57t
e e FEY4E A e AL dde=
sld AZ FE v AHA) g2 AERE TS
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et gl F4-9] AiFAHe g A FFL AA
7+l 9 FY¥Yo] FHa glew, ol oE A
g718¢] e Bdsled d4A(fly ash)e] F&
o] ol A& A7} Futs] A= 2 o7, 8] el
AHEE A Hetn FHE OEE 5 e, $9
vete] Ag, Fxbe AMgEe] HAE A2 Ue
AAolc), o] F AP - A sl wiAE Hef2
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A e B F4E F45 P 43E Ped AnA
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Bro @i F AlH-ql g4 E FALEZ Si, Al Fe 5ol
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o] glc) o] u|FF4 e Aol wel zAdo] =ZA|
ge}xlc3,7,9]. 39, 75 A A DS Y3he
aledubd =2 A 26 9lelME Y987} hydrocarboni
8] 22E0]7] i Fol Yeto| vja) ALNZA W ZFHE
ashe] ko] A Hojzx|A Hc}. Uf7F Aol A
2% o B9k dRARe] ££3 £ glov, FF
FAN Nz Zoje] A3t $9 o|fE ohE F7|E]
98 A$rt At olBd F4E daAH o F
AHE 250E vldig gsleag ¥R, S5

gl B7) 8] F-fxj(petroleum fly ash) 24 429
Wy, o Azl s 2AH o] FhAE Awt
Aol ws) dPEE dt FHRIE WY Ao} FE5E
23 F71E So] F5E 2 aEgEg, f71
F49) e AN ¥ FERZ EAsA Aok
b, £ o Al APHE b2 e] At o}
4 39 e FHAE o R JEAC &
dsted FHAEe] 24 % TR 2o, o
e FEEE R LEREERE DR AL L
obe A2yS MRS AeYese 53 F
o] vlgpe g EAdhs Mude 1EEE EAE
FHAZRE Ga 2 V& 53] 943ty wge
Fgasel e daAzry 24 49 35 L
o|EA B £EAY ) FAlo) 7 o)L w e FAY S
Z2Azed Aol 48 T2 w=t §F3, o)
73 zejn 4elFEygor A Fpdeen, av
el Reupyst HAzAozRE Ad Felsigic

2.4 #

2-1. ALX] WA

B AR ghAEel dids AAE i el A
s AetAle) 24 sEpdAH SN B F
+AE 2 Agstddck FRAE 2 FREA shie
By R RLag wA 7] sl Ffrel strviot
48 A7 Az, o2 shibe $F 2 S AR
sted ole Aolrt AiAe &dE A FEFA=2:=
254, olg] 71A x| g4t 2 F4EE ARgakd e

FAAH LS sl AR 4F SR, o xTlE
BAbglel AoleAe) FERIEBMER) S MC-T5, °
w)ic]olA B4 2] A ole F3]l CR-10, &AL
2] WK-103 &EAh}eE39 SK-1Bx Diaiond] =
FELHEGED 2 A9 #AE A3t

2280 185l &M 2A B-diketoneA 8] LIX
51 Henkel Hakusui(F)9] ¥4 F&AE, 714
417 2] TBP(tri-n-butylphosphate) £} TOPO(tri-n-octyl
phosphine oxide)+ dE FHEHEER) A £5F A
okg, 47 ¢t= ¥ e TOMAC(tri-n-octyl-methylam-
monium chloride) & AR EELBEO AL T9&
KEX-L-84%, A4d227]2] D2EHPA(di-2-ethylhexyl-
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Ao Ade e FR& |Foz slo AYE
etk 2 £79 FASAHE dobrr] st A
e zu)ol A1 2] Fedel] o]’ 384 A AL <) 8T
A4 AL Pt TFAFY FHolETES}
F3 3o AEFTE sl BAFA A5t F
i35 @& Agsidden 2 g FaolFEE pH
meter2 A8}

P8 22AYPL 3245 001-1.00 MFE== kero-
senedl] AT F, 24 F7IH2R i 54
Ao 74E 22 A) 0] 2526 %A HCl %2 NaOHE
A7}ste] pHE FAste] AHgstdc) f7143% 64
o] B3 E zbz 20mle R 3o} 100 ml Awte]o] &
grze] Y UdE ¥, Az 327k A"
A7 Byl £FAF T, F Ao] A3 EAHEF
1417 o] =4 AAslgcy 2 F, HAeE =
A~GA F44-E A st 4F Tl 3
pHE ¥4, 2Aslgon], F714d &8 F50lE
X9} 2282 strippingell 2]3te] A3 o]
yele 93 Fau 339 FYAUYL 254 0.1C ¢4
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Table 1. Components analysis of coal fly ash in Samchon-
po fire power plant(ug/g-ash)

Metals Concentration
Al 180,000
B 200
Ba 1,200
Ca 1,600
Fe 38,000
Ga 120
Li 160
Mg 2,200
Na 54,000
Ni 200
Si 550,000
Sr 780
Ti 5,400
v 380
Zn 300
Zr 420

7} Sglze] FEolLiyEe] FAd glejA, ¢
2e|F4&-e 925443 (Nippon Jarrel-Ash, Mo-
del ; AA-880 MARK 1) o] 342 4g& AH&38talen,
7 9)9] 24 ICPH3-2 34 (Nippon Jarrel-Ash, mo-
del: ICAP-575) = Aeksteich a29e] pHel %
%9] ¥ pHE 25T 2] &2xul¢4 pH meter(mo-
del ; TOA HM-308) & AHg-3led &4 3bsdct

3. 4Ax 3 &7

3-1. HAxe HAEM

7+ AiAe T FEEELEL A w2t A
o)7} gk FWelA AHESE Hadolv F#4 A
A AR 9] A4S AHEEHE Ao) oz, 2% HRE
glsted olel uelelld T F Est] A3
uf Fol] 1 AR 2kl F Aok

Sato2] whell 2l AR MuAe] AEH FFe
Table 1o vehfdch @8 FhAe &4 shHEA
aolA] A F7 dlelebZ Table 20 Vehl HAek11].

3-2. E&E

AdaNe] FEL AT IEAZA Fabst FE
4817 4 FEE 0-6 mol/I7HA) WBAIA A 3
A 7F Z<k A A P stk 743 € Q4= No.
5Ce] oIz & o] 43l F At B £AE

7Zr AEA 9 FxF 3AA pulp densityE 50
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Table 2. Chemical analysis of heavy oil fly ash in Ulsan
fire power plant(wt%)

Components With NH; Without NH;
V,0s 40.87 40.17
Fe:03 17.82 19.11
SO; 1105 1942
NiO 10.78 6.72
Na,O 11.30 4.88
Gazo:; 1.53 5.84
C 3.80 1.80
CuO 0.07 0.05
AlLO; 0.84 0.56
Ca0 0.62 047
MgO 0.35 0.24
K0 0.56 0.15
MnO 0.13 0.34
ZnO 0.29 0.25
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Wt skl A& AgkA Az} 1, 204 A2l o3
24 F4o]l &5 58 Table 3o Jehigdch

A A2AZ)E Al Fe Si 59 @3] E1
O Fgoled iy vBoE 4 o o
Jzaozny H4 J4o2 Li B, V, Gag A4s
doml, 285 $ao AE A2]9) Bl 194
24 AEN22RH T FEoles 2 A% A}
Gept gles, # QAL vlEe s Hise gt
shbEe A4 B4 Azel ¢ AzAe, 2FE 2
WA R4 AEl U3 WEAE 247 Agsiel 2
s5aheich.

8, T4 A2 A7He Table 4o] vehsich
ARkl A5 A} vimeled FHA AEATolE
g8 240) 2FER EAsE, Vi Gag 14 4
22 A9t FHAE A3dez B2 ALsge

Table 3. The comparison of sulfuric acid and 2nd step leach liquor in coal fly ash(solid/liquid weight ratio=1/2 at

25°C, for 3hr) (ug/g-ash)

H,S0, (N) Neutral leaching H:SO, leaching
Elements of 1st step of 2nd step
0.01 0.5 15 4.0 (0.125N) (1.5N)
Al 0 5,000 5,600 6,400 150 5,400
B 10 29 24 23 24 28
Ca 340 51 6.6 14 520 21
Fe 0 2,800 8,300 14,000 0 6,500
Ga 5.6 4.7 4.0 0 48
Li 4.1 11 11 11 6.8 7.6
Si 33 280 100 18 40 140
Ti 0 15 68 400 0.085 87
\' 0.2 26 21 14 04 16
Table 4. Components of the petroleum fly ash leach liquors for 3hrs(ug/g-ash)
Ash With NH3 Without NH3
Leachant Water HCl H,SO, Water HCl H,S0;
Conc.(N) 0 0.5 3 6 1 6 12 0 0.5 3 6 1 6 12
Al 565 565 615 645 355 329 351 2070 2110 2090 2110 1270 1290 1215
B 40.4 38.9 43 45 9.7 105 129 479 454 471 495 24.1 224 169
Bi 158 178 235 21 15.6 14 118 595 595 45 564 555 483 304
Ca 269 246 226 179 - - - 241 273 222 81 -~ - -
Co 875 895 890 865 830 875 845 2450 2520 2530 2440 2140 1660 1330
Cu 44 44 483 505 26 251 165 112 116 113 108 214 57 228
Fe 8700 8950 9000 11200 9500 9700 9700 27700 27500 27500 28500 31200 31300 30600
Ga 2330 2330 2330 2300 2380 2250 2330 8200 8400 8550 8700 8150 7850 7650
K 133 122 112 975 135 133 122 680 650 635 625 139 150 131
Mg 324 239 288 314 - - — 2140 2180 2180 2080 - — -
Mn 85.5 88 915 . 126 - - - 232 230 230 229 — - -
Mo 210 241 256 * 251 230 232 221 630 675 675 655 705 695 565
Na 14300 14500 14300 13600 9550 9200 10700 60500 59000 59500 58500 60500 56500 56000
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Table 4, Contimued
Ash With NH; Without NH3
Leachant Water HCl H,S0, Water HCl1 H.SO,
Conc.(N) 0 05 3 6 1 6 12 0 05 3 6 1 6 12
Ni 10500 10600 11200 10900 10800 11300 11500 40700 41400 41600 40000 40900 39500 29900
Pb 133 - L9 433 162 12 87 217 242 104 116 423 368 22
Si 386 6 464 332 427 461 105 725 825 995 81 825 605 89
Sr 4 394 391 308 368 252 77 715 74 775 289 384 17 28
Ti 124 134 142 140 128 137 127 403 409 411 417 350 359 349
v 11300 11300 11100 11200 11700 11700 11500 40600 40100 41700 41200 40700 41100 39200
w 109 114 125 116 111 102 81 254 262 258 253 267 232 157
Zn 367 368 389 381 381 385 362 915 930 925 895 990 950 715
Zr 6.7 79 6 64 6.3 64 45 152 154 147 116 145 117 65
100 100
s | 0K ss | O
= oF 0% = R 0N O
5 A %ﬁlg o = V K-10 O
= VK 2ol AGD
> | —— - - O
s o s O o
= 1) =
s S
= A o A g dF o o
E 8 & =
Fa A/
S < i o) v
2 U @ A g U v Vv
g [="=4
A
0 Avd Av4 Y Y 0 4 Al ] An
0 0.2 050 075 1.00 0 0.5 0.50 0.75 1.00

anount of resin [g]
Fig. 1. Recovery fractional of vanadium with various re-
sins.
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qck 2 hg B3 SU) A8 et
2ACE Pio] 7] flsel WEA FF W 2 ¥

EF AAstejof g}

3 Ga9] 3]l glolA] st o g el FA13t
Fe3*eo] Garriz 3uj ojAte] & Fx 2 F&3]7)
o) Fo] Feo] BeldA] £ AA sk ubdo] e
of & lo]c}.

7kase galss

331 MRS F3
Hels $H HEE 9istel, 05N-HS0,)
N4 B Feol AT vhiEe FE 26 ppm, $4

5138 H|32A M3E 19944 63

anount, of resin [g]

Fig. 2. Recovery fractional of gallium with various resins
(pH/=1.25).
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olu| k. 7} 2848 Q) MC-759] & 2+47] o] 2] 3}ef Y5+
o], #&EA JEFZ SK-1B 53|} o5t Ga**e
o] $r3E o & Ak vhES FA-Eu )l
23 3¢ v| A& pHE whg A sxe pHe Arlo)&
[12]e2RE, A9 A% vA oo, vhlFgs 7
o 2A4E FA3482 W74 1cem, ¥°) 10 cmg! Pyrex
Aol £AE F38t7, FA4E 2ml/mine g T
AlA 23 7S Fig 3o vehuigdch
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Fig. 3. The adsorption characteristics of Ga, V ions with
SK-1B, MC-75 resins at 25°C(s.v.=0.24 hr !,

pH,=1.8).
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Fig. 4. The desorption characteristics of Ga, V ions by
1IN HCI at 25°C(s.v.=0.3 hr'").

BhtEe o o ook =Y F3 HYo 22 FAE
IN-HCI-&4& o]83le] =3HA|7) &2 APAI=
Fig. 4o vjebiglch

f2le F3d Hldte] ofF mig A|7tell Uojuiw,
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Fig. 5. Relation between extraction of Gallium and concen-
tration of hydrogen ion by various extractants.

Extracted [%]

3-3-2. %o o3 Fa

FapAlel o3l 42) 39 & 7 FHA9
A&doz e AFd whlEge B3] 98 22
AL $4A, 2Ee] F2E 97 2249 AddE 9
ste, ZEe] 42 FEA FaA J2Ye) I
2 25¢ A 712 FE2AE AHEste AYPY AHEs
Fig. 5l vepisich

264 B5e] 2N-HCI®] A2 2¥%E TOMAC,
TBP(100%), TOPOS] 32 dl| 23}, == pHel o 9]
714 D2EHPAR 32 Bag< of 4 9lgch =
4 2 Aol 23 A2 zAeA Fe, V, Al S0
oA 5L ¥T 8 EA5EE, Gad LS4 95
2] ¥ A, o5 Ruld did dge Ay
Bolof gl FHAl2] &Y Fol Fe, V So] ¥
E2 EAEL, ol FH0]eE 47 I¢EFAU TO-
MACS FEA2 =Y A4 Gad GaCly 9 gole
HefZA) ohg A3} 7o) F&o] AEHY FL& G4
oj& Fxo AN AgHolHbare F7|4E Y
elit}).

GaCl;~ + RsR'NCl «— R;R'NGaClL +Cl~

TOMAC 358 0.1 M2 shod 44+8] & S50 e
40| &2152 3 9 u], D=[RR'NGaCL/[GaCl;]
£ =A% 29 Fig. 63} 2.

23| 4] TOMACH] ¢)3ted Gaol&2 < 2M 4
ol eFES] 2NN F2o| A9l 100% WA, Fe
(IIDYA Z& Z%e vehle, V)& 32 E8o)
T "o He o+ AUk 4 FEAUd o5 F
Fol&5o] FE3 3l A4, Fe 2 V& 41318 yeje
Fe(IID % V(V)Z EA8k7] Wgoll, &l o3} Gad
SHH o2 A Felahr] ojel $ul, Hze) Aol
Gad] 4-5u2) F=2 FEFe] Q7] Aol FAR &
glek. olol, 329 WA FHoA o|F TE 4
oleg B Y3k V(V)E VAV)Z, Fe(IDE
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Fig. 6. Extraction of metals from HCI solution with TO-
MAC 0.1 M in xylene.
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Fig. 7. Relationship between extraction ratio of vanadium
concentration and hydrogen ion with various ex-
tractants.
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TOMACE Al9)3tare A pHYESH A vidg9] A
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pH7} 7181 whge] #elge 73] desidch
ol pHel %712 vhig o]2o] H,VO,” 528 &
A3 E 2 RR'NCI+HVO,~ (£ VO;7), ReR'NNO;+
CI'+H'2 &9z Y75cH13].

V3 Feol&o] &% ] Feol&o] vptg F&ol
"X 9d3& Fig 614 o 4 ok vhHe& HCLF
=7t Z1E4E 4y Rejulzl AR Frlale]
21}, Fe(IID+ HCRs 2ol #AIgle] #2] 100%%-2] 7}
=ik el g Fe(ID 9] 7$= HClsXo v]#
sle] F&go] Z7}3ht, Fe(ll) ol ]t F30] 72
=2 o) gebr, TOMACE o] 4§ uhhgol2
FF HAANAZ ZF £ vprA 2 WA FE
3= Fe(IDE Fe(IDE Y& A7) EA], =+ Feol
& AAA dod ) Feolo] AA Fxof
pHele] #A[14]12 85, Feol & pH7} 10]3lell &
Fe** 2 &8kt pH7L ARl wep 443 Hstrt 6t
#oj7}vd, pH3 o] 4l A= Fe(OH):2 o] A
< & 5 vk whhEE pH3 o] ell4 i So 2
A2 EAER A3 vhg o] 2e] Y wdls,
V& &0l 3224 £2]3la % AFE2 pHE 39)
o2 zAsbd Fe o2t AA AA7 7bedE &
T Aok

4.4 2

A 7Bl Aiee B gy F53 Ao
24 % rare metal& FF3L UYSEZE o] E 23
fez HFgste AF % vhbEe] 29 58 54
22 FAYE 7EAE ¢ AT FETHoE AYY
Az, g3 e AL Aok

1) dxAF {78459 FF3s AR A4,
Ak Felle A% B9 Ao, FRHAFdE Na,
Ni, V, Ga 59| F40] ZFxxs Sd5e] qgled,
rare metal 2 4= Ni, Vo] <} 40,000 ppm, ZH-§°] 8,000
ppmAEE 1EEo|3, Co, Mo, Ti, Bi, W 52} dlix
o Ao Fr2 &= ek

(2) olemg FAF o]f3le] vhtw S F5E 4],
o]2wd FAE o83 FalA whiEE MC-75
ZF2 SK-1BFA 7t -t en, 2AF FEAHA
o8 7+ =2 1gw whbge] 15u), Zgo] 22w &
=qich

(3) 2 g 252 P, 2M-HC1Z A A
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TOMAC, TBP(100%), TOPOS] FZ&Ald 23led, =
pHA e =744 D2EHPAE *& Y& & +
Aot Feol 22 A5& 317] vl 4& £ 371
38 DA ZH NaSE Feo] 26 e -3 Lol

71 F, FAAFI22MN, Gasl AYA) FE0] 7}
sk whEel AAle ¢ 3y EuiwlelA

HClx-=7} 27182, pH7} 0-3914 TOMACe] -4
¥ 22AZ Jehgon, shiE H5dA FEshe
Feol&-& pHE 304t ZAstmzs Fe*o) 42
A7} 7Fsshede.

7z A
2 A7 4E 35 B £3¢ F ARAS K
BTEES W% B 22 e =Y
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