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(@) Distribution of vanadium reserves in 2020/kt
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Fig. 1 Distribution of vanadium (a) and tungsten (b) reserves in 2020
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(@) Vanadium consumption structure in recent years
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Fig. 2 Consumption structure of tungsten (a) and vanadium (b) in China in recent years
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Table 1 Main composition of waste SCR catalyst from different sources!"’ !
Mass fraction/%
- - Reference
T102 V205 WO3 SlOz CaO A1203 MgO A5203 Others
86.8 0.9 4.61 3.63 1.31 1.04 0.37 0.22 0.26 ZHOU et alt'”
82.74 1.32 3.26 6.75 - 1.89 0.56 - 2.01 BU et al®”
86.98 0.69 5.19 3.01 1.05 0.72 - - 2.36 LIU et al*"
84.82 0.44 2.99 6.72 - - - 2.27 2.76 XU et al™
88.72 0.47 3.78 3.96 1.5 0.85 - - 0.72 ZHAO et al'*’!
85.1 0.84 4.39 6.63 1.24 0.68 - - 1.12 ZHANG et a1t
70.9 1.23 7.73 9.8 2.5 5.57 0.55 1.32 CHOI et al™
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Fig. 3 Forecast of catalyst demand(a) output of spent SCR catalysts(b) in each year
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Fig. 4 Distribution of tungsten and vanadium ions under different pH values(Derived from VisualMINTEQ software

simulation calculation)
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2NaAlO,+H,S04+2H,0=2A1(OH);|+Na,SO,  (6)  NaVO;+NH,;CI=NH,VO;+NaCl (11)
Na,Si0;+H,S04=H,Si03 | +Na,SO4 (7)  NayWO,+2NH,Cl=(NH,),WO,+2NaCl (12)
MgC1,+2NaAlOy+4H,0— 2NaVO;+Ca’'=Ca(VOs;),+2Na" (13)
Mg(OH),|+2A1(OH); | +2NaCl ®)  Na,WO+Ca—CaWO,+2Na" (14)
2Na;HPO,+3MgCli—=Mg3(PO4)2 | +4NaCH2HCL (9)  aw0,+2HCI—H,WO5.CaCl, (15)
2Na3AsO4+3MgCl,=—=Mg3(As04), | +6NaCl (10) H, WO+2NH;-H,0—(NH,), WO3+2H,0 (16)
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Fig. 5 Recovery and separation process flow of valuable metals in spent SCR catalyst[54756]
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Fig. 6 Schematic diagram of Separation of tungsten and vanadium by solvent extraction
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3(R,N)CIHV,05 <> (R,N);V,0,+3C1™ (19)
3(R,N),CO,+WO;™ <> (R,N),WO,+3C0O;"  (20)

VTR BEAE AR 2 4 @ B8 TV W4y 15 Al
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LB T 98.78%- 94.94% . 11 J 4 FH e 3 A4S 31 40 2
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Table 2 Summary of separation and recovery of tungsten and vanadium by solvent extraction
Organic Phase Optl'n'lal Solutlog Separation effect Construction Reference
composition condition concentration
15%LK-N21-6%LK- mH):m(W+V)  W:9.85 g/L High recovery rate Removal rate of LIN et a]®®
N21X-Toluene =55 V:7.74 g/L of tungsten vanadium is low ©
More than 90% of
H=2. P lecti
12%TOA-Isodecyl P > tungsten and oor 5¢ cctive [55]
0:A=1:10 - . separation of tungsten Lletal
alcohol-kerosene . vanadium are .
15 min vanadium
extracted
More than 99% of .
. pH=5.56 Poor selective
0.5 mol/L Aliquat336- a1l W: 7 g/L tungsten and . [68]
Fxxsol™D80 O:A %.7 V:0.7 g/L vanadium separation of tungsten  SOLA et al
30 min vanadium
extracted
Effect of selective
0, -
2 ;’ g zzgzztzﬁt_ pH=5.7 WO;: 1 g/L separation of Type of combined ZJHANG et al®!
° 0:A=1:1 V,0;s: 1 g/L tungsten and extractant not clarified
kerosene o
vanadium is general
20%N263-40% pH=8.7 ] Tungsten and . .
2-octanol-Sulfonated ~ O:A=1:1.25 WOy 6621 gL vanadium show high Higher cor}sumptlon of LI et al'”
. V,0;s: 11.46 g/L . organic phase
kerosene 5 min separation effect
1%N263-5%2- T .
/oN263-3% pH=87 WOy 85 g/L ungsten and Unknown effect in 50
octanol-Sulfonated vanadium show high . . WANG et al
0:A=1:1.25 V,0s5: 0.5 g/L . actual leaching solution
kerosene separation effect
0'(11621011;1;01;5;6_3_ H=8 W:1g/L \ii?;zill riesltzri)lf Insufficient separation =~ TRUONG et
y p V: 0.1 g/L Y depth al’®

Kerosene

70%
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Fig. 7 Schematic diagram of tungsten and vanadium floating extraction and separation process
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Table 3 Comparison of four separation methods of tungsten and vanadium

Vanadate

[58, 62, 82]

Scope of application

Advantage

Disadvantage

Separation
P Fundamental
method
. Components to be separated react
Chemical p p
. with the reagents to form a
precipitation

precipitate

Solutions with high

metal concentration

and low separation
requirements

Simple operation

Poor separation
effect and low
product purity

Ion exchange

Utilize difference in affinity of
ion exchange resin to tungsten
and vanadium ions to realize the
mutual exchange of resin and
counter ion in solution

Separation of dilute
solutions with lower
concentration

Good selectivity and
high enrichment
multiple

Small processing
volume and long
cycle

Use difference in partition
coefficients of tungsten and

Separation and
purification of metal
ions

Simple operation
and large processing
capacity

Oil-water phase
dispersion and high
organic phase
consumption

Solvent . .
. vanadium between different
extraction
solvents to transfer components
to be separated into organic phase
Components to be separated are
converted into hydrophobic inert
Floating complexes by the mineralization
extraction of the agent, and are enriched in

organic phase under action of
microbubbles

Deep separation of
rare and precious
metals

High separation
efficiency, high
enrichment
coefficient, low
organic solvent
consumption, mild
reaction

Some extractants
have poor water
solubility
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R4 FIEERSEE. FERERK SR
Table 4 Separation effect of floating extraction and

flotation and extraction technology

Removal rate of  Removal rate of

Method

tungsten/% vanadium/%
Direct flotation 2.89 87.68
Extraction 2.74 88.18
Floating extraction 4.53 95.01

HRIRE T T% A, BB U] T AR 2
BRI, AR S0 AR PR 4k 84t 0 il
MR IR TA] DL 21k 5 S D 3R RIS T R IR AT T

3.3 FEERKRARNRE

A I L 20 IR BOR A AL
B BPXRPR RS R MR, JCHGR R IR
FEEBIEK), BATEMA, RACHE. LR
Ky TR, EELEERERS, TFREMT
BB A B IR AR L L 2 08 R AR LR LA
3T -

1) MASHLISE R 7 2 A, Sl W Fe A i &
TRAAAE . BB RN, RR HEDEL
FUEB I ZE R ABOR S SEDU AR AL R B 1R SE A,
il =38 1 73 B e G e Bk FR S R A

2) MERAL G I RE B A R H A, SRR AN
ZHETER P I AL R S HOR, FHRBK MR
I AC 27, SO I KR 2 B3R e

3) EFXFEG KRR R, B — PR TR
RIS, 2G5 R I T R, DRk
HAHH AR ZAE.

T R AR A BT RNALERIR R
TR G BOREER T, @I AR 2y
BASREBORE R, BT AR > BB R, DU
SRR B SRR I B .

4 £E5E

FEXBRTS 5T, BEAE DL 7 B U5 A AS 7 Al
U, SEPUEHL IR BRI IR R, R R R
PP T R A A . A ERSS T NS
B RV RS B IR 2 1 ISR R R E Tt R O X

PRAEAL TS5 — IR BRI IRIR Y B HL 2k o 2 Bl 1
] E A . AP S, 72 =FH AR BT
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o AR FLAA PR S A T3 A A — 2 ) L L 7K A
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Research progress and discussion on
selective separation technology of dissolved tungsten and vanadium

HAN Gui-hong, WANG Han-yu, SU Sheng-peng, HUANG Yan-fang, LIU Bing-bing

(School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Supply security of the strategic metals, tungsten and vanadium, is of great significance toensuring the
sustainable development of the national economy and defense. With the depletion of high-quality mineral resources
and the urgent need for green processing of resources under the dual-carbon background, the resource utilization of
tungsten and vanadium in secondary resources has important research value. Currently, productive researches on
the efficient leaching of tungsten and vanadium from the secondary resources has been conducted by domestic and
foreign scholar, however, the research on the separation of dissolved tungsten and vanadium lacks a selective,
efficient and practical separation and extraction process, which limits the resource utilization of tungsten and
vanadium in secondary resources. In this paper, the mineral resources and secondary resources of tungsten and
vanadium were analyzed, and the leaching and impurity removal processes of secondary resources containing
tungsten and vanadium were briefly summarized firstly. The principles, methods, research progress of the
separation of dissolved tungsten and vanadium were then summarized emphatically. Finally, a new idea for
separation of tungsten and vanadium was proposed, and the origin, principle and development status of the
technology, as well as its advantages and development prospects for the separation of dissolved tungsten and
vanadium were discussed, it aims to provide new research ideas for the selective deep separation of dissolved
tungsten and vanadium.

Key words: tungsten; vanadium; secondary resources; selective separation; floating extraction; solution
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