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Abstract: As one of rare and precious rare earth elements, scandium is extremely dispersed in the crust and often
associated with other minerals. With excellent properties of scandium and its compounds, scandium is widely used in
aerospace materials, electronic information, nuclear technology and other industries. It is mainly used in
aluminum-scandium alloy material, solid oxide fuel cell (SOFC), scandium sodium halogen (HID) lamp, ultralight
shape memory magnesium—scandium alloy and fast storage. The technology of scandium recovery is complicated and
the cost is high. Scandium is abundant in China, which accounts for 1/3 of the world. The research of scandium
extraction and deep processing in China is still weak, and there is a big gap with the world advanced level. This work
summarized the resource distribution, supply and demand of scandium, and introduced the technologies and examples
of scandium extraction from different scandium containing materials, such as titanium dioxide waste acid, red mud,
zirconium smelting materials, tungsten slag, focused on the application of solvent extraction in extracting scandium
process, and analyzed the different extraction system of extraction mechanism of scandium, found that low extraction
rate, emulsification and three phase problems were the common difficulties of scandium system. In addition, it was
proposed that China should lead the designated product standards, focus on the study of methods to improve the
recovery of scandium, improve the comprehensive extraction of scandium and symbiotic elements, and constantly
develop green extraction technology.
Key learning points:
(1) The distribution of scandium resources in the world and the market supply and demand were introduced.
(2) The technologies of extracting scandium from different scandium containing materials and secondary slag were
reviewed.
(3) The application and existing problems of solvent extraction technology in scandium extraction were analyzed, and
the future development direction was pointed out.
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Table 1 Main distribution of scandium resources abroad!”

Country Distribution of scandium resource
Russia The grade of scandium in the apatite deposits in the peninsula is 16>10-¢, and the entire deposit has a storage capacity of 16000
tons. The average mass fraction of Sc,Oj3 in the weathered crust leaching phosphate rock deposit in Tomtor is 650>105.
Australia The grade of Sc,O3in the tailings reservoir of the radium sorbent uranium magnetite (Sc) deposit is 3000><10-5. The SCONI

laterite cobalt-nickel deposit in Queensland contains about 5.7>108 t of Sc. and the mass fraction of Sc,03 is 299106

United States

The grade of Sc,0; in the sedimentary uranium deposit in the Ambrose Lake area of New Mexico is 15x10-5. The grade of

Sc,03 in the uranium-bearing sandstone deposits in the Colorado Plateau is 100106 The grade of Sc,03 in the Fairfield

amphibole deposit is (300~1500)>105.

Canada The grade of Sc,0; in the uranium deposit in Ontario is (25~103)>10-%, which is the same as the grade of Sc,0; in the Oka
carbonate-type antimony deposit in Quebec.
South Africa  The uranium quartz conglomerate contains high enthalpy, and the grade of Sc,0s in the uranium ore is (60~100)>10-®.
®2 BEMKERNEESHM
Table 2 Main distribution of scandium resources in Chinal*?]
Mineral name Distribution of scandium resources

Bauxite, phosphorite rock

The Sc,05 is mainly distributed in the north of the North China Platform and the Yangtze Platform. The grade

of Sc,03 in bauxite is about (40~150)>1075.

Vanadium-titanium magnetite

The grade of Sc,05 in Panzhihua vanadium—titanium magnetite ultramafic rock and mafic rock is

(13~40)>1075, and helium mainly occurs in titanium ordinary pyroxene, ilmenite and titanomagnetite.

Tungsten

The South China porphyry type and quartz vein type tungsten ore have a high content of strontium, and the

grade of Sc,03 in the wolframite is generally (78~377)>10-°.

Rare earth mine

The average grade of Sc,03 in the surrounding rock of the Baiyun Obo iron, strontium and rare earth

polymetallic deposit in Inner Mongolia is 50106, while the grade of Sc,03 in the ore is (40~160)>107.

&3 2020 FEFHKEARFRETNRD
Table 3 Global scandium application and demand forecast table of the world in 2020 ["]

Demand application

Production volume/(x106)

Unit demand/g Total demand/t

Mature application Bicycle frame
area Ski shoes
Firearms
Baseball pole
Softball bat
Bicycle parts
Hockey stick
Emerging demand SOFC
Airliner
Military aircraft

Future demand Light car

40 6 240
60 0.5 30
6 12
5 1 5
7 0.7 4.9
9 0.4 3.6
45 0.5 2.25
3 70 210
0.002 90000 180
0.002 20000 40
100 500 50000
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WIEZN 10~20 mg/L, A& K4 E Bt s, B N4t
N T 3 R F I 7 A e8],

LG FURBRIR ST L M AE A 1 fortel, g
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% IR HaCo04 UTTE S BREHIAF Sca030 R Sc 1 Bl
KT 70%, (Hi% T 2474 KM LAk B AR R
B, HERmAL S, KEFHEALT.

Titanium white mother liquor
Loaded organic phase T
Pickling
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Raffinate to S & Mn workshop
Stripping
Sc(OH),

Sc(C0
Calcination AC200); Precipition ‘«—{ Leaching ‘

Crude Sc,03

Scy(C,0
Refined AC0ds Scandium oxide

K1 gk BRI O L 2R
Fig.1 Traditional process flow for extraction scandium from
titanium white waste acid[¢l
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P204, TBP KMt A HAH, BiBRFI X K Bk,
BRA G, MEE VA G R O N B
B, @I B AR, U6E B A HUAH R A
Mo, W REFERE, REPUE R, SBTEXT
2l WA B A A RE I 99.5% 4 T+ 2 — K HE A6 34
L 99.95%. UhAh, XK (1 R FR S it B2 i itk o
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Extraction
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Fig.2 Process flow for cascade cycle extraction of scandiumtt”]
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Crude Sc,04
B3 BRA R A E S H L2 fERY

Fig.3 Process flow for extracting and enriching scandium from
titanium white waste liquidf?%
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Leaching residue

To recover other elements

Stripping

Scandium oxide

4 LGSR L ERE
Fig.4 Traditional process flow for scandium extraction
from red mud
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T2H5e¥ Fed il R R Fe?t, 34 T AL 2k 4% 5 1)
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Fig.5 Method for extracting scandium from scandium-rich
substances®!
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Fig.6 Process flow for extracting scandium from ZOCl:
crystallization mother liquor
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Fig.7 Process flow of scandium recovery from tungsten, iron
and manganese smelting slag®*
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AU IR OB, = Teh AR, WA 5
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B S TP kS R A BUCR s S M A I %
Stepanov ZEHULL P204+MTAA 135 A5 HL [ 77 v 0 ek
BRI VR P A BT HEAT SR, AXBOHLER AR -
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A WA SR, 2 AR A, SEEL T g
RKEHE. HILHW, FAE RS A2 B R &
AU T AN B R AES R, i T H&
H 2R RE .
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o (R R ATV R I [B1UAC: ScPO4+3HCI=ScClz+H3sPO4. 2
TR R Yo Kb Sc 5 P Iy BT THER, 45
AW, P204 AHUA R NI 8 Sc, P I ER R, K
FR ik 5.4 mol/L AE, FEAEFIA VLA N 25%
P204+4% TBP+71%#E

EEXPAEHUEE Sc i AR R R IRI R, e SRS
FL T FUA IR R 5 R S R i . TR, IR IR
H ) [ A RORE 2% B R i 2 U AR AR, T
TBP Ph&AA 5 ] e AR FERCAR FLAK 1) B, 6 38 H S5 i
RLHEAT TRACERRD FARUTRE . I e S Id AR

P204 1A ZAF LG IR ETZERGY], 16 &Kk
B R AT, BA AR ARAR BB S AR A
HHRIFHUIHRE, 15 5 K6 R 3« 55 LA B A R A 5
TR 38 A R R 2L [ RE B o e ) A
AR DA b Sk S SR IR S TR 0, BT DAL, P204 44 478
PR A RN E R R
4.2 P507 1K &

P507 5 P204 AL, BT HUREEMIAR RN, AEHL
RE 8055 . ZRHESEMIR A P07 M R ELA) B AR Ve B
FRIZ R BT, i T AR B ) 2 S Bk B Iy S
BN JIFHFE, FRIZHHUR BIRELN 12 mg/L. WA
KW, MW pH A 0.6, FE IS E 6 min, P507 K
79 8%, ML O/A=1:15 I, HiAZHUZEE AL 99%, H. Sc,
Fe 7 B UR Bt . MR NIRPEREEGT], W5 Ui FIBCA
AR R AER . BRI W, Liu TR IR
P507 A HUA RN E BEn] 4 & Sc ZEHEE . F
iz NS A LA P 2 Sc 1) B oK [ 23 0] B 10% (AN 7
S )L R 99%(F 15% R BE), HFEAK T HAc R
ZEEE, 193] P507 fEMIR 1A R T 2T PR EIA
AR ZEIUOHL IR BH B 1A He (IRBR 1k R) AL AL AL (75
Bk ). FHIEAT WL, P507 A& & 5 iE & F TR ik &,
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L5 P204 HHLL, RAANE G, RS REZER
AHLF
4.3 Cyanex k&

JTAEK, Cyanex RANFEBUGHIHE 5 0E, BIERS
4t P204, P507 S5 IR A% HIUH H3 FFIA HUME e - Cyanex
572 J&— PB4 1) = B A E WSS A AL, Nie 250460
WFFL T LA Cyanex 572 W3R 2 HEL Sc, R ILTE
R/ R Cyanex 572 ZEHUHTIBAE H &5 1 38 4 ML EE,
EINEELYS) M3+(aq)+3HL(org):ML3(org)+3H+o I P SRS
KIL, 5 Cyanex923,P507, TBP #Lt, Cyanex 572 #HX
BURIRE A B i), AR BT E B e, RIS A
W, RRBAIEMRERG . Hu 25070 BUZEAR HaS0, iRk B
T, Cyanex 272 #1 Cyanex 923 HJVE &%t 77l £ R IZ
HR R Sc() B A B R R B RIZEBUE, Hadd 2osk
AT T WM E, R AW E T kMR-
SC3*+(HL)2(0+B(oy+SOs2 =Se(HL2)B(SOu)+H*, HisE %4
YIRITE AN Sc(HL2)B(SO4), 445 th =FhER AT I
FMEFE R INA HaC04>H,S0,>HCI

XN HEEEM Z 46k LT Cyanex 923, P507, ¥REifR
ERB A R X Sc MIZEEL, B MR A, RARI
Cyanex 923 7£ =B & T A 56 & 24X Sc, T ¥ ke B Al P507
M AERIR B N BUR . 3 FHAEEGRIH A Cyanex
923 HF ) Sc fEw A R A, Rk, BT Cyanex 923
A ME Sc IR BIER KR R4 BRI Se,  TERRBIK
£ 0.4 mol/L I R FE K fe K.

Cyanex FHUK R LA 4E P204, P507 & R4 hinfa
ERFITERT, (P RZETE RS, Wb T RO
BRAHERE, B $EHURA . Hrf, Cyanex572 EA—Fh
B Sc AHUH], MR REIR L AR AT S
RSN

4.4 BHEERAR

Goto ZFUTR BN 7 — M N SEAL BT AR 40T AR
e AR ) B PV T TR 4 B R AR AR STUOR AR B O
5, BIEFUR IR I A 2 Tl I R A B AR o ek ZE G )
TREGFERAAR, FHEFE IR R AR RS
DuyvesteynO$E H 1 —Ff WA A B BBt i v, ok
W IR, R A g 549 2R HBR &
R, Frik Ptk ZERCTRES, A5 A MgCl+HCI 1E
ST A P R R BT A RE B, o]
WL FE A . B Ak I T e B e B R 45 &
BE IR0 R AP IR B B 1 BE, RS A A R
HAEAR S5 FIZRUE — 81 . Kostikova FEBU RS
WFFE T = J ik IR 48010 0 (TRPO) A/ 2 B A [A) i Ak 2

NEERUBLINAT s AT IZREBGR A T AN R A i B i
EEMATREE. FFARI, A 2 mol/L EhER VAW
RGPS, (HAEIX S AF T, BUMNEL. B RTEL
IS IR AR . AHERIREE N 0.5~1 mol/L i, MAHER
VR ST AT (L S L K4 B (BAERTA HNOs Ik
JE V0 1 N B 3w SR RE B . 7E BT A VR B Y Bl R B R Ak R R
ZEHLEI Sc, Fe F1V ASHEREHL; H2SO4 ¥ BE A 2~5 mol/L
B, Ti, Zr 3E2EHG, Zr (BRI TEM H2SO04 [ ZE Sc 1
WrBodtAT. HUbA 0L, TRPO THi&E BRI IA &, (HIEES
SEVR VORI, AR 1A 2R A BT IR U 25 28R

5 #iEE5RE

R ERTR, RS R A RS AR R T Z A,
P204-TBP—E il A HUiA ATy 7 kb Az, Horr, P204 2
WU RE s, HILERMEMIT R, 5 HIL =41
B RRRRR FEAR T 3 mol/L I, REH SN A BH B 128 e
MU, BEERREEIG I, B4 IS FAGHLER ;. TBP HhlF
IR —E R AL MR, EAAEEM
PRAS Fff U In . P07 BT A 7EARER R h 5t itk
ATREHL, RN I S S35 6 B 4T Cyanex REHUIA R4
I o 1) 3B 30 PR R S R 3R OV, RO AR SR BT AR L
f—ANBEEGF T FAk, SFPRERGATE B R . B
TR S IR R 2 N A 2% AN ) (1 1 ST AR A e i, 75 22
PR 25 2 JFUREAS B 1 Joit e Ab BT FE AN ], 38 438 06 B2 1)
R ZHEAR, AWigmmstmE .

AN 3 FH v 28 R R B i v — e i A AR R 4t
T2, UAKBREZEFRARSRPURA, 524 50t 7ii 3 2
o T A 7 e SRR BRI R R B R T A R R B
I e ok, AR 2R IR o) A R
TERE A EUR SRR ATHE T, BRI EI e .
TEASRE, SLBUAE SIS 5 2GR I b R AU K& -

B3

[1] T FET =AM mRA R P @5Mos D] &
T TR, 2019: 3-7.

Yu Q. Study on recovery of scandium from sulfuric acid medium
based on trialkyl phosphine oxide [D]. Nanning: Guangxi
University, 2019: 3-7.

[2] Davris P, Balomenos E, Panias D, et al. Selective leaching of rare
earth elements from bauxite residue (red mud), using a
functionalized hydrophobic ionic liquid [J]. Hydrometallurgy, 2016,
164: 125-135.

[3] MoonJ, YamadaE, Nishihama S, et al. Separation of scandium from
yttrium in aqueous chloride media by solvent extraction with an
acidic phosphinate extractant [J]. Solvent Extraction Research and
Development, Japan, 2019, 26(2): 99-104.



%8

PN s GTBIFILIR SRR AR DU O AE r ) S BT T e

885

(4]

(5]

(6]

[7]

(8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Zhang N, Li H X, Liu X M. Recovery of scandium from bauxite
residue—red mud: a review [J]. Rare Metals, 2016, 35(12):
887-900.

RFE, WRFFE, 208, . ARREUE AL RE b SR SRR
[91. HEH"k, 2019, 28(4): 57-62.

Zhao H J, Chen X F, Li N, et al. Analysis of the global distribution
of scandium resources supply and demand status and suggestions
[J]. China Mining Magazine, 2019, 28(4): 57—62.

Akcil A, Akhmadiyeva N, Abdulvaliyev R, et al. Overview on
extraction and separation of rare earth elements from red mud: focus
on scandium [J]. Mineral Processing and Extractive Metallurgy
Review, 2018, 39(3): 145-151.

INE, X, BE. RE G SR MRS AL R R [J).
PR 5770k, 2019, 21(2): 74-79.

Sun J, Liu Y L, Cui T. Introduction to China’s scandium resource
and suggestions on its industrial development [J]. Resources &
Industries, 2019, 21(2): 74-79.

7, mAI, BROE, G5 BT BER A ISR IR AR R R IR
[3]. W r=£:&FIH, 2016, (4): 21-26.

Dong F, Gao L K, Chen L, et al. Scandium resources and status of
scandium extraction and recycling technology [J]. Multipurpose
Utilization of Mineral Resources, 2016, (4): 21-26.

ZhouH L, LiDY, Tian Y J, et al. Extraction of scandium from red
mud by modified activated carbon and kinetics study [J]. Rare
Metals, 2008, 27(3): 223-227.

Cui H M, Chen J, Li H L, et al. High-performance polymer-
supported extractants with phosphonate ligands for scandium(l11)
separation [J]. AIChE Journal, 2016, 62(7): 2479-2489.

Wang W, Cheng C Y. Separation and purification of scandium by
solvent extraction and related technologies: a review [J]. Journal of
Chemical Technology & Biotechnology, 2011, 86(10): 1237—1246.
Paul AL D, van der Ent A, Erskine P D. Scandium biogeochemistry
at the ultramafic Lucknow deposit, Queensland, Australia [J].
Journal of Geochemical Exploration, 2019, 204: 74-82.

XU, FEONE, WRiE. 4 T R S IR E SR R BR [9).
WIFE Toll K554, 2014, 28(2): 56-61.

Liu Y F, Tang X M, Chen B, et al. Metal scandium resources and
recycling technology in China [J]. Journal of Hunan University of
Technology, 2014, 28(2): 56-61.

QiuH B, Wang M L, Xie Y M, et al. From trace to pure: recovery of
scandium from the waste acid of titanium pigment production by
solvent extraction [J]. Process Safety and Environmental Protection,
2019, 121: 118-124.

RILWHE. sREAFRAERRI TR [0 7505,
2017, 31(3): 636—640.

Yuan J T. Scandium extraction process of titanium white waste acid
from a certain company in Yunnan [J]. Mineral Resources and
Geology, 2017, 31(3): 636—640.

M. BR A RIS B BRI BT [9]. HiJHAL I, 1991, (2):
21-22.

He L S. Extraction of scandium from titanium dioxide waste acid
and its application [J]. Hangzhou Chemical Industry, 1991, (2):
21-22.

XL, R, b, A BB AIUESR A R IR et L
IRFFLR A [J]. i, 2018, 39(2): 90-95.

Liu W, He H W, Yang Y, et al. Study on counter-current circulating
extraction of scandium from titanium dioxide waste acid [J].

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Chinese Rare Earths, 2018, 39(2): 90-95.

XL, FETF, FEE, FORAERRS T PR R
[J]. #2016, 37(6): 86-89.

Liu W, Yin Z F, Li G G, et al. Removal of titanium in process of
scandium extraction from titanium dioxide waste acid [J]. Chinese
Rare Earths, 2016, 37(6): 86-89.

XTI, Mk, BANE. BRERRIE L2 BIRm R
[J]. #t, 2014, 35(6): 79-83.

Liu W, Yang Y, Cui X Z. Separation of zirconium and scandium in
process of scandium extraction from titanium dioxide waste acid [J].
Chinese Rare Earths, 2014, 35(6): 79-83.

FORRE, B, R, . REEER O R RIS UL R
Jt [3]. TEHLEE Tk, 2014, 46(12): 61-63.

Yuan H B, Liao J, Yue X B, et al. Study on improving the extraction
selectivity of scandium from titanium dioxide waste acid [J].
Inorganic Chemicals Industry, 2014, 46(12): 61-63.

S, TRIEEA. TR AR E &£ [J]. WL,
2019, 42(2): 10-12.

Lu J Z, Zhang L J. Extraction and enrichment of scandium from
titanium white waste liquid by sulfuric acid method [J]. Shanxi
Metallurgy, 2019, 42(2): 10-12.

Ghosh I, Guha S, Balasubramaniam R, et al. Leaching of metals
from fresh and sintered red mud [J]. Journal of Hazardous Materials,
2011, 185(2/3): 662—668.

Borra C R, Pontikes Y, Binnemans K, et al. Leaching of rare earths
from bauxite residue (red mud) [J]. Minerals Engineering, 2015, 76:
20-27.

WA, REH, KPR, A& RIBREBRIE R BT A GRS
W7t [J]. ¥4, 2016, 37(2): 56-58.

Chi P H, Zhao M S, Liu D D, et al. Experimental study on the
extraction of scandium from the sulfuric acid leach solution of red
mud [J]. Gold, 2016, 37(2): 56-58.

WHE, PR, LR WIRRRRER BVLIR R T B 2R B[],
A48 (IRERE4), 2018, (11): 39-41.

Xu L, Luo Y Z, Shi G D. Scandium pre-enrichment from red mud
sulfuric acid curing leaching solution [J]. Nonferrous Metals
(Extractive Metallurgy), 2018, (11): 39-41.

Onghena B, Borra C R, Van Gerven T, et al. Recovery of scandium
from sulfation-roasted leachates of bauxite residue by solvent
extraction with the ionic liquid betainium
bis(trifluoromethylsulfonyl)imide [J]. Separation and Purification
Technology, 2017, 176: 208-219.

SKITAE, skEER. SHURRRPARB R [J]. iB93G 4, 2006,
25(4): 202-204.

Zhang J J, Zhang C X. Removal of impurities from leaching solution
containing scandium [J]. Hydrometallurgy of China, 2006, 25(4):
202-204.

Li GH, Ye Q, Deng B, et al. Extraction of scandium from scandium-
rich  material derived from bauxite ore residues [J].
Hydrometallurgy, 2018, 176: 62—68.

Power G, Gr&e M, Klauber C, et al. Bauxite residue issues: I.
current management, disposal and storage practices [J].
Hydrometallurgy, 2011,108(1/2): 33-45.

SunH Q, Song J, Sun S, et al. Decomposition kinetics of zircon sand
in NaOH sub-molten salt solution [J]. Transactions of Nonferrous
Metals Society of China, 2019, 29(9): 1948-1955.

AR, TR G, R WNBEARREINTTR 0] BEEE



886

o

T ¥

L 520

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

(5 43111, 1989, 10(2): 36-40.

Huang Q, Zhang Y'Y, Yu S H. Study on extracting scandium from
zircon [J]. Shanghai Metals (Nonferrous Fascicule), 1989, 10(2):
36-40.

XUZRWE, S0W, AR, MSSEAHS BRR T BB TT (3], 5
18 T4, 2015, 35(6): 117-119.

LiuR L, YiS, Zou L. Recovery of Sc from ZrOCI mother liquor [J].
Mining and Metallurgical Engineering, 2015, 35(6): 117-119.
Fujinaga K, Yoshimori M, Nakajima Y, et al. Separation of Sc(lIl)
from ZrO(Il) by solvent extraction using oxidized Phoslex DT-8 [J].
Hydrometallurgy, 2013, 133: 33-36.

JAEE, 225N, Xk, 5. WESERIRIR H R b AET
7 [ B4 554, 2018, 46(6): 1-9.

Zhou G T, Li Q G, Liu Y C, et al. Study on extraction of scandium
from sulphuric acid leaching solution of tungsten residue [J]. Rare
Metals and Cemented Carbides, 2018, 46(6): 1-9.

M. NG R A A BT [J]. WA 4R, 2001,
17(1): 18-20.

Yang G. Extraction of high-purity scandium oxide from tungsten
slag [J]. Hunan Nonferrous Metals, 2001, 17(1): 18-20.

XFEz, FEIN. AE T H R RSB T [J]. Wi 68
5 A4z, 2015, 43(5): 4-8.

Liu C Y, Fu J G. Experimental study on extraction and recovery of
scandium from tungsten residue [J]. Rare Metals and Cemented
Carbides, 2015, 43(5): 4-8.

Thyhug, VRIENE, TR, A& ARSI RN R H IR & mm Al
Sc.0s L ZWHF [J]. *E L%, 2019, (6): 724-729.
MaSF, XuY H, Wang R, et al. Study on high purity scandium oxide
from leaching solution of niobium tailings by Bayan Obo Ore [J].
Journal of the Chinese Rare Earth Society, 2019, (6): 724-729.
Lash L D, Ross J R. Vitro chemical recovers costly scandium from
uranium solutions [J]. Minerals Engineering, 1961, 13: 966—9609.
Wi, A, WEKE, & MERIEBOE NIRRT 7 8
Bl BK [0, WE¥R 4, 2016, 35(3): 231-234.

Man LM, Fan Y J, Huang J F, et al. Separation of scandium, titanium
from waste acidic solution by solvent extraction [J].
Hydrometallurgy of China, 2016, 35(3): 231-234.

G, FIE, KK, . RERR ST A REEL T
TR [0 B OEEGEER ), 2015, (5): 55-57.

Fan Y J, He H J, Zhang J F, et al. Study on technology of scandium
oxide extraction from red mud and titanium white waste acid [J].
Nonferrous Metals (Extractive Metallurgy), 2015, (5): 55-57.
Stepanov S |, P’ei K, Boyarintsev AV, et al. Scandium extraction

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

from sulfuric acid solutions by mixtures of D,EHPA and MTAA
sulfate in toluene [J]. Theoretical Foundations of Chemical
Engineering, 2017, 51(5): 846-849.

FAk, EERE. HEBKH Sc 5 P IR & T2 R HLEE
W []. WA a8 51544, 2018, 46(3): 1-5.

Wu X T, Wang Z J. Study on process and mechanism of extraction
separation of Sc and P in zirconium residue wash water [J]. Rare
Metals and Cemented Carbides, 2018, 46(3): 1-5.

EPE S, B, SR K, & BRERRFERGRSUS R P R
JALEE ). B BEE (B ), 2016, (12): 48-50.

Xie Y B, Fan Y J, Zhang J F, et al. Emulsification and treatment
during scandium extraction from titanium white waste acid [J].
Nonferrous Metals (Extractive Metallurgy), 2016, (12): 48-50.
B RN, WAk, A5 RERME RN SRR R e S
HATFERTL [, R ER 4R, 2017, 35(6): 755-760.

Li W, Zhu X B, Tang S, et al. Experimental and thermodynamic
study on the selective extraction and separation of scandium from
acid solution [J]. Journal of the Chinese Rare Earth Society, 2017,
35(6): 755-760.

Liu C Y, Chen L, Chen J, et al. Application of P507 and isooctanol
extraction system in recovery of scandium from simulated red mud
leach solution [J]. Journal of Rare Earths, 2019, 37(9): 1002—1008.
Nie H P, Wang Y B, Wang Y L, et al. Recovery of scandium from
leaching solutions of tungsten residue using solvent extraction with
cyanex572 [J]. Hydrometallurgy, 2018, 175: 117-123.

Hu J S, Zou D, Chen J, et al. A novel synergistic extraction system
for the recovery of scandium(l1l) by cyanex272 and cyanex923 in
sulfuric acid medium [J]. Separation and Purification Technology,
2019, 233: 115977.

XM, 4k, X2, Cyanex923 MBRER/K & iR 2Bt M 5
P507 FHFRGEER Y ELEL [J]. A4k, 2018, 35(12): 1492-1496.
Liu C Y, Chen J, Deng Y F. Extraction of scandium from sulfuric
solution by Cyanex 923 and the comparison with P507 and
naphthenic acid [J]. Chinese Journal of Applied Chemistry, 2018,
35(12): 1492-1496.

Goto M, Kubota F, Matsuoka I, et al. Method for purifying scandium
and scandium extractant: US 16/327359 [P]. 2019—-06-20.
Duyvesteyn W P C. Extraction of scandium values from copper
leach solutions: US 16/198756 [P]. 2019—-05-30.

Kostikova G V, Mal’tseva I E, Zhilov V |. Extraction recovery of
scandium and concomitant elements with isoamyldialkylphosphine
oxide from different media [J]. Russian Journal of Inorganic
Chemistry, 2019, 64(2): 277-282.



