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Fig.1 Entire industry chain of vanadium shale utilization
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Table 1 Comparison among pre-treatment technologies for vanadium shale sorting
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Fig.2 Liquid phase generation temperature

of different CaO-Si0, —Al, O, compositions in

compound salt additive system
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Fig.3 Lattice structure distortion of vanadium containing mica during

high-temperature dehydroxylation
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Fig.4 Removal of bridging oxygen atoms from mica lattice and release of vanadium coordination
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JH D201 [ 8 52 e b il 4k B 5 SRR IR 90T, L1
BFF R 53k 98. 5% ,{H Fe (P Al Si %) H: 0% it 5 fige Wi B
S CE AL Al

B0 B B - S 4 i iR e e 25 i Il L, G 2
R B ARG P E el 1 SRR 54 & LR I
RN TGN B G T e 45k . TR K
IR D418 o 5w 2 2 5 B s A 38 LI W
if,—PO( OH ), Xt [ th () P—OH 4 % A= 7 %4,
H,V, 0% S P I % A e 437 2 B, T Fe Al
Al 5—NH E i N R 7 90 FRE 7. A% 0 5 72
i H, V005 D S i 0, S BRI 5 2% R 11 i — 2
O3, TR FH R IR % AL B AR WIS B R, SR

D418 S KBRS S RIAR BTG R A L e
Sl A T Z R TP 209 XL, TP 207 Z&45 1 5 il
B REIAT Ry UL IE I ) Dowex™ M4195 & ik L FH
B TSR S 200H B S X VO )R 1 T 3
BAPISEREF T Y N.S.0 JH T HRES VO ik
S A R E PR ST
4.3 EMELEE

b X A0 BB G R v A IR LA L U R s T
4G R I R P 22 % i L, o5 A BB 95 45 T
FLIE H s 0 R R R 0 P T LA R AL
e, PR A FURBUR AL AR, H L 5 4
YU 1B) S 3 5t 1y 2 A i , A )T 4 G L A
LB P B TR BCBE 2 R, 4 2 2 BGR)
AL FI ] P204 AR 504 g 18] 1Y
SRR P204 FEBGH LT RS FL3E , BT 4 10
P204 SIS T AT V(IV) O [R5 i 7
W3 | NFNEHE I B0 1] A 2 AR v, A S0 TT 42 2 1R 35
S ARS8 FH U, 0 AR 5 LAY R B A
R S RHAE T 1 T T B 7R3 W R0 i, k2 2 T
TEM S FLIE P s

WG SRR & i A R A E R T 1Y
LR 2 v 767 0 P 2 FiL 0 4% B AL 4% B T D201,
D301 .,D314 3 Fft {2 752 #4 fig LA K D860 P 85 -
SEHING S 15 5 (AC) 23 50 46 RO i — Tk 2 2
3 VRSB I R4 B 52 HRL TS ) S IR /1, 52 T W
pH 00 .2, WRoE R I, FHis i pH (G R T
ST OO BILE I R, Firp D314/AC 5245 BB X AL
WS Bk 55 2k 244, 80 mg/ g™ | ELA B LS T i
PRI R

R T & B R AL B SRR 3 3

®3 PR MBAIRE &I BRI

Table 3 Comparison of different enrichment methods for vanadium containing leaching solution

CE VIE X4 pH {H G S EZ BTN
D2EHPA vo2+ 1.5~1.8 FEURAL 35 99% CHER[46 —47]
P204-P507 Vo2 * 2.0 FERR S PR 5. 9% (17. 8% , HhRI 4K 1. 52 SCHk[ 48]
N235-P507 Vo, 1.7 IR 89. 36% , PRl B HL 1. 42 k[ 49 ]
Cyanex 272-N235 VO, H,V, 03 1.6 I 96. 70% , Pplr) R4 4. 77 SCHR[50]
D201 H, V,, 0% 2.0 V I %5k 99. 68% SRk [54]
D418 Z A g H, V0% 1.8 V 7 % 99. 70% SCHRLSS ]
P204 125 AR VO?* 2.0 WK 7 i 7. 49 ~30.39 mg/g XHR[59]
D314/AC H, V0% 2.5 W [} 75 it 244. 80 mg/g SCHk[61]
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ERCIR IO A AU i TR0 T s A
KRk — I &, e KRR T 90 08 A iy I & R
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51 S4RSAEZH
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PG TUEE PR 1) EZE TR 74 AP Fe,
Ca K Na 5§, MMM P47 P REAR
BT 0.4 g/L,Fe WA T 1 o/L, ALIREEA T
3.0 /LK WRIEAE T 2.0 /L, Ca ¥R A& F

0.9 g/L B}, R AR PE R ER UL, F 584k — B hh &l
JERERE KT 99% (@', —SLRFSE KB, LARRTGERE (SR
F)ENFEIFUTTER], TCAE Y pH (BT SE B R R 2
ZRV W — 0 BIAR T TE ) 2% o 26 1A AL — 0, 7 b
JE k%] 99. 5% L 11 3 TE T UTHLA IR i R Al
JEH. BRI R AW 51 A R, X R PE & L
TR F K DU — s Ak 4l Ak 7y =i 2% s 4L ™
Ao RN TE I ORI 8], AR T 80% R4k
FE&, I ZOKMUTNRIBE] 99. 23% , 7= fh 4l B ) 7%
JoT 5 fa i R e 2 AR A A 99 K, [T,
FEDUPL L AR A 43900 5 | AT B3R 75 i S0 7t mT ) ik
UL BREAT O % L B Nz BRI T, {12
PEZS SRR EL A BAZ 5 A 4K 3k NH, BG4I
FRAMH Na ™ 19 B4 S 7, 980/ LR BN A 2B i, LA s
(B4 9 28 15 min, 2877 b 4l B IR 3 99. 5% , M
WM T, R SR SR T RS , ik A
AR 22 80 M e R DT L 173, e 7™ i 2 & 3k
99.5% VA I HAPUPL T & Er gl A AL — L
ARXF AR 4 Fis .

F4 HATA U S EORXT L

Table 4 Comparison of preparation technologies for high-purity vanadium pentoxide

HARAR HFARKE R T 28R 225 3CHk

TR B ER DTN T2 A, TR S YU 99.27% 4l 98. 45% 3Cik[62 ]
P RRASAIRN T A TR L , 7 R SO, 4l BE T TUALER 93.57% , 4 99. 57% 3CHR[63]
R sNA TN BER FIRAR, BN RIS, 7 ks BE X 20, Gl v LR >99% , 4 >99% SCHR[65]
A PN B AR, BB VL, P IR e, Sl UL >99% , 4l >99% 3CHR[66 ]
KT SRR , R AR, B A R PR AU PURLER 99.23% , 414k 99. 05% 3CHR[64 ]

5.2 ENEMIIREM R

PSRRI A S 25 5 AR B ), — AL =
A TPUREERN AW IIREM B RS
WIS RER R B A 7 IR A RO R A%
PUBE 1K LV IS BT U R BGETY K A
WP BRI A R
x5,

TR 2 WA, A 2R R
SRR AN RELRE T S AR T UAREL A, BT T AHAS
ASBERL SRR A B LA TUE SR PURAS O
LB R BEURE, LR R A D i B, 280 AT e AL
VO’*—-V0,(C,0,)  —V0C,0,—V0, (B) , &3
TRALE R 99. 47 % A KHEIR VO, (B) . VO,(B) 1F

ARE A R, B R AT R AR RE WA TR
AR R A 192.0 mAh/g ™ DLTUAHR LIRS 1Y
e s PLBCA IRk 4 Y Na, V,05/V0, (B) iR & 4H
PUEAEL, BT Na, V,05F1 VO, (B) B I
TE BUK 25 R Bk A5 R, A st il il e 2R 0 s 7
FLZ¥ B Rk 399 mAh g1, 200 IRAEHE R 245 AR %
ik 94. 2% ™

AL HURTE A R N AR
A TR S & AR FRL . DTS SRR
PEE PUBCN JBURL, F T PhCL A UKL, 3145
LA 99.25% , 4l i 99.92% [y V, 0, 7= i),
TR P U N SN 7 1< I 2 U
H,V, 0,7~ 5NaV,0,—VO0, (H,0),s—VOOH—
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Table 5 Comparison of preparation technologies for vanadium oxide compounds

Walat  HRam BT s S
WOV AR SR AR NH, V, 0y 28 U VO, (B) SCHEL67]
feeyisest T G I s A VO, B B T EASHE PRS2 VO, (B) ffk  scilik[69]
VO, o V04 0, R SRR 2R AT
GRS TR WO R AR, AR o SHRL70]
VO, i
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\ N L= IS A,V O, 1 KL S JE0H 6 4
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V,0, . TRAWFFE SR SR 8 = 44k LI i e ),
S B Ni - NiSO, /F K 5 A AL it 3 1o 0 0k fig
T AR m TG EME P ARG, $RA5 09 V, 05 I AE |
S FE R PACL AL ™= i —3 . A 35
GEIRFW 1t V,0, BT {HAERY PACL 44657 1) B AR 2
h 16. 65 J3 T, 1R PR F A 1k — 42 DS i) AL 551
FRAAL Ry 2.35 T3 70, KM RS 1 Ak 550 i 458 T A%
Ao LUE BB R &R i 48 V, 0,48 2 T 4L
LAYl & A 0D T R KR A=A e T &
RITGIA, K48 T mA
5.3 RRBRES

LRSS — Mo B R B s ), AT (AL
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A R BUE, TS TR SR AL B AE AP AR
FRALBE, SAF R . AR AL B JFORHE 1500 °C
ST I R A AL A AL, PR SV, 05—
V,0,—V,0,—-VO—V(N,C,0)—VN" =}l
R4 g SR, Al A 7 R T T
e FH B AR 200 9 0 L R AR 0T SR P g X e s
o, FEYLE N =AM L. UL NH, VO, APLTEET,
B TR AR B A A1TR G WA T LK R YR, JY
BRARAE 1100 °C 404 N ik JE A A il 15 BRE Z AL L
L, SN it B2 ARG, B L I [ 4 4

B —W LA S A ARV, 0, i il & LA
B EHOR AT EIMINARR SHARIE T, 7R S
AR R A, AR RV, 0, () +
2NH,(g) =2VN(s) +3H,0(g), kI CO, .,
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Research status and development of the full industrial chain
utilization of vanadium shale resources
ZHANG Yimin"*?, XUE Nannan'*”, ZHENG Qiushi'*”, LIU Tao'*”,
WANG Luyao'**, ZHANG Liuhong'*”
(1. School of Resource and Environmental Engineering, Wuhan University of Science and Technology, Wuhan 430081, China;
2. Collaborative Innovation Center of Strategic Vanadium Resources Utilization, Wuhan 430081, China;
3. State Environmental Protection Key Laboratory of Mineral Metallurgical Resources Utilization and
Pollution Control, Wuhan 430081, China)

Abstract; Due to the complex and variable nature of vanadium shale components, there are still problems such as
low efficiency and poor adaptability in sorting pretreatment; in terms of high — purity vanadium extraction and deep
processing, there is still significant space for improvement in consumption reduction, efficiency enhancement, and
reduction of metal loss rate. This article provided a systematic overview of research work on the preconcentration of
vanadium shale resource beneficiation, main process of extracting vanadium (including high temperature oxidation
leaching of hydrometallurgy, single metal separation, etc. ), link adaptation of high-end vanadium materials, etc.
from the perspective of the industrial chain. The paper focus on the latest technological progress of vanadium shale
since the 13th Five-Year Plan, and looks forward to the future technological development direction. The whole
industrial chain technology research and development of efficient source extraction, fine control of the process, and
high-value vanadium material manufacturing promote vanadium shale utilization and industrial production integrated
demonstration construction and support the green and sustainable development of national strategic vanadium shale
resources.

Key words: vanadium shale; efficient extraction; high-end vanadium material; utilization of the full industry

chain; sorting; separation and enrichment; vanadium-rich liquor; vanadium electrolyte



