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Abstract: In order to ensure the sub-molten salt project to
. . . . . Raw materials containing V/Cr Tailings
achieve production and efficiency, the processes of liquid 1

phase oxidation of vanadium slag, liquid—solid separation,

o ) %id 1
crystallization of sodium vanadate and three-effect Mixed L — \) - n
= 5]

ingredients - kv
evaporation were systematically studied. The experimental TR W

Liquid phase oxidation L/S separation

results showed that under the combined action of nano-micro

aeration oxidation and scale-up effect, the sub-molten salt
demonstration project can achieve the simultaneous extraction il

of vanadium and chromium at low temperature (140~180 C) — | S

and low pressure (0.6~1.0 MPa), the leaching rates of Crystallization Three-effect evaporation Crystallization
vanadium and chromium were 93% and 85% respectively. l l
Nano-micro-aerated sub-molten salt technology showed .
excellent leaching performance for vanadium slag from Chromium products Vanadium products

different raw materials. The automatic vertical filter press adopted three-stage counter-current washing mode, which
ensured that the water content of tailings was less than 30wt%, the vanadium content was less than 0.15wt%, and the
chromium content was less than 0.05wt%. The crystallization rate of sodium vanadate reached 61.5% by using OSLO
cooling crystallizer, and the concentration of circulating alkali solution was increased from 45wt% to 50wt% by adding
a temperature and pressure reducer at the steam interface of the three-effect evaporation system. In addition, the
leaching of vanadium and chromium from vanadium—chromium mud produced during the treatment of wastewater
from traditional sodium roasting process was studied by using submerged salt production line. The efficient leaching
of vanadium and chromium from vanadium—chromium mud was achieved under the conditions of reaction temperature
of 175 °C, reaction pressure of 0.65 MPa and feed-in and feed-out speed of 0.25 t/h. The leaching rates of vanadium
and chromium were 93.68% and 96.76%. When the concentration of chromium in solution reaches 25~30 g/L, the
crystallization process of sodium chromate can ensure that all the chromium dissolved in each liquid phase oxidation
reaction was precipitated, and the crystallization rate of sodium chromate was 17.65%.
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O EWESAFRIAFAFOHIE, MBI A WA S PRAGR. SRERE LT TR . 4iREH,

TEAN RSB BRSO RN SE R R, A 3R 7R 1 TR n] S AG IR 5 (140~180 °C ) FIEAIE K 71 (0.6~1.0 MPa) N HL I (1)
B F G HREL,  FURES AR 73 BN 93%H 85%; X AN R] JEURL SR IR AL, AR SO Sh BRI A 57 1032 HH PR

A AFNLREIENR A ZQ ek =, RIET BB EKEMT 30wt%, AEEMLT 0.15wt%, HEEMT 0.05wt%: &M
OSLO A #1455 M2 AT HLRR NS &, HLERINSS S 3IA B 61.5%; BT E =3 R GE 2803 3 1 A 3 Ul 0ok s 35, S B A PR BBk 152
B AE PRI 45wioed i 2 S0wWt%. R P J #6772t A Grin b e e T 20 /K AR B 72 o= AR OB VR AT AILER IR, TER
B EE 175°C L JRBLHE /) 0.65 MPa. BEHUELEEE 0.25 t/h B LA S0 RSB T HUES e rh AR AT BR (R s 0 BRUAIER (R L 431
4 93.68%F1 96.76% . MIFTRHHER IR IFIAF] 25~30 g/L Ji&, ERFRENGS i LT AT PRUEAS B3 U VB A s B HE B A 4 e T
RN A %N 17.65%
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PR AR EE KRB 2 &R0 = 50R, O B SdRIUy BE AR AR LR . 54K, ZWEK
WA fig B 202 1200, JETE A =07, BRI, RJE R RS, B X AR AL AR R R
BV JOLPEHBIX, HorR AR B BEUR RS ik 1579,900 73 BT RIZERIN, HAT 2kl 1000 /AR, (H X GER]
Wi, AR AR 62%F1 90%, FHRLFAEMMM  HHP RS BERPER, RTINS S AR E
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22 LRSS

ST % EEAFE U N (B 3m, K 10m).
SERJEJEHLGL IR TIAR 108 m2) A FRENSS B 2% (H.4% 3 m,
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m), LZEE&RAERWE 1R, BN 2R AL
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Fig.1 Process and equipment flow diagram of cleaner vanadium
extraction technology by sub-molten salt method

RIVER) . (2) WAL Bl RS Pyl 2875 S
HHATEA R, R JE SRRk HE N TN 26 RS AT P 6 e
WRIAINFRG, REREL 135C, EHIBERNFEE. M
PN ZE AR ) OB SE B B 16 s ) B4 AT S 30 N R RE
Bras I i, 5 RETERK . Bk IR R B AL
BHEA, KK B (NaOH WK DR E 25%. R
TRFF>80C o FRIRAE ML ZEAE T HEAT WA MLAN S 1 he (3)
Ry B N R IT SO0 B ARG,
I FE YRR RNR >80 C o TR 84T B HT S IEM(Z) 80°C)
NE S BETE NI R, SRR
VERERVA T G SR &5 i A7 T B . (4) PUERINGS
A 28 R BB AL IR A4 G AR VA R N LR B 45 A s it
1T ESRAHE, WAKREIR 2 40 °C HARE 1 h SEIUALER NI
ghidair it B ERRORHIT AR 70 55, A RS e TR
(EHE RN HE N B RN SE i T B (5) =38R M4 TR
BN b s SR R R IR LA, B 5T A NaOH IR EE N
50wt%, PRI A 80~120 CH 8 BREN 4 fa AT i -

232 AL, L. RIVE PR AR R E

R 2 B R AR K IS R LRI, o mT i
PEGURI AT TR, ME ik AT RSFAERFREL 1 g
Yokl ONEEA 100 mL m 4K /N, 7Edlr b
i, U85 IR A ICP-OES #E4T 4 7347

SRR AP S T E SR SR, 2R
AR S R VATEAR BRRT o 3BT 75 19 T 4 B RS HERf
FREX 0.5~0.6 g BhIA (TG /KB B -5 DU B s 4 o2 2 Lk oAy
2N HRST, I 0.05~0.08 g FHUERE, itk
RIS, EHRME R — 2SR5, AaHmmn
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M. BT HRmIRZ950°CLL )DL IR, KEmk 15~20
min. HUHHIRES P AT, H R BT KT
SRANRTH , G A TS G K RN B A 60 mL 20wt%
BRI NFM R, BT R BRI RS
AE, 100 mL FEEPEAFRS, TARERS
kg 10 %, BURME GRS BB — IR
JiEl, H ICP-OES #:47 B 20 #r
233 BHESIE
LRI AR LR
7=(1-m1/m2)x100% )

Forb, pATCRBR (%), mi Foma 53 5N JEE T
R AN SN 248 TR TR A T (g) -

3 #R5H®
3.0 SUE TR R

3.1 PUEYHE I BT

XTI AN AR AN . 2R X K [ AN AT T o 4
M, SRWE 1 fion. BHRATR, WNAMNF Fe & &
N 32.82wt%, V EEN 4.69wt%, Cr &8N 2.06wt%,
Si TN 8.02wt%. ZE 7 M X A E ML P 57 AN [F] -
BN, ZE 7 XA M A B s A,
Cr &I 7.30wt%; EAMILE & A AR, RiE vV

HEEIL 8.60wt%.
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Table | Composition analysis of vanadium slag

Component content/wt%

Vanadium slag

Al Ca Cr Mg Mn Si Ti \
HBIS Chengsteel 1.12 3.17 2.06 32.82 1.62 5.73 8.02 4.97 4.69
Panxi area 1.45 6.71 7.30 27.94 0.51 5.85 4.17 4.93 11.68
Abroad 0.85 1.92 0.75 28.96 0.88 10.22 7.53 10.32 8.60

3.1.2 WAL T

WAREA T2 s 3 T2 O E Ty, B
TN AR DLIA A 7= 07 S R e S N 2 18 AT IR S AR
b, WAHEN TP TS HAH N A .

(1) TRJEICAE 77 IR SR 25 AT P BRI H AR IR 52 i

A=A, SR 1A aR AR = 07 U AU A AL T
MIEAER B TS5, 7 =N B SN [ J B 5
JE 12648 N AE RS IR AR, gk 2 FIRE
2 s

xR2 BREESLIFNEEESITEH
Table 2 Main operating parameters of liquid phase
oxidation process

Parameter Stage 1 Stage 2 Stage 3
Temperature/C 160~180 140~160 130~150
Pressure/MPa 0.6~1.0 0.5~0.6 0.3~0.5
Aerated reactive gas Oxygen Oxygen Air
Leaching rate of V/% 93 83 81
Leaching rate of Cr/% 85 76 68

it A (B 2 stage 1): KR N 38 4 E IR
EHIAE 160~180°C, #E K 1451y 0.6~1.0 MPa, [Fi
TE RN 5 1 = ANBR % R 2 B I — & AL R A v
Ak, BETFHE VA 049wt%, FHE Cr N
0.52wt% , HXF WL AR 3% A0 2240 JIE 2] 93%H11 85%,

FEA IR B FIER AL R TR AR 2K o S BRAF IR B (180°C)
P THEEEAR 20°C, SmiigfE & 71(1.0 MPa) bt it &
71 1.0 MPa, HEFEAK T 01T B A0 77 R SEBUEL A E%
(R A 200 Sl 3] 90% AT 80% LA L, 2 WA SR FH 4l i <,
EUOTAT DL AL I B A o e PR A AR B, B R LR
(AL 2R o BB AR SR A RO, SRR B &2
FEARFEb A T S50 = A S R

MRIRSEAL(E 2 stage 2): ATE AT REAR TR AR
JI T ERE RIS, 8 T RMNIRE 140~160°C . &
77 0.5~0.6 MPa TFHUAIES R AR . IR B FF 2 4
150 CHY, BEF I V Al Cr P& 255108 0.89wt%
H10.76wWt%, PUFIES I ALER 551108 83%A1 76%, K
I s S i P RIS, RS IR AL N B, IR BERIR T
ESOEREFIE AL N

ERA(E 2 stage 3): WIS B S T EAUE
A SRR AL FR LR S (132 A5 L. M 2 stage 3 I
F2 LA, LRNIREREA 130~150 CH, il
FRAL IS (P20 & BN 1.04wt%A 1.06wt%, AL ARIER )
FALZR AN N 81%M1 68%. fEGNMIBRSm/ER T, H
TEAERRBNA, WEEZ 150°C, PRI &
ik 81%. Wk PR E& L AL e S B R, B I 2R
1A 68%, 3 WA I 8 b 5 B4t o 10Ul P R A S0 I
X A7 L FE AR VO A 9T 45 AR L0200,
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Fig.2 Changes of V and Cr contents in tailings of liquid phase oxidation process under different reaction conditions
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Table 3 Treatment results of different vanadium slags by sub-molten salt method

Component content/wt%

Vanadium slag Reaction stage

Al Ca Cr Fe Mg Mn Si Ti \
HBIS Chengsteel Pre-reaction 1.12 3.17 2.06 32.82 1.62 5.73 8.02 4.97 4.69
Post-reaction 0.80 42 0.86 31.52 1.18 3.46 6.00 3.01 0.45
Panxi area Pre-reaction 1.45 6.71 7.30 27.94 0.51 5.85 4.17 4.93 11.68
Post-reaction 0.73 5.27 1.08 26.34 1.89 435 5.87 3.87 0.55
Abroad Pre-reaction 0.85 1.92 0.75 28.96 0.88 10.22 7.53 10.32 8.60
Post-reaction 0.46 2.3 0.73 29.66 1.02 12.31 7.73 9.49 0.57

(2) A ERBEAKIA [ LI (1 3 FH LA 7T

W ) FH VR AR R R BRI A, o AR = 2R 51 3 T 24 35
t ZEVGHL X LA 80 t [EI /M T 25 82 W4 Eh H AR KT
AP RIE AT, =FE B SO AR 3. R
A, AR SR AR =R LA SR I BT ALR
HUGR, il V S EIET 0.6wt%, FEAMUEHIEE
K 93.4%, ZE7HH X B PLIE I EE 95.3%. 2
PEHL XA Cr SR 7.30%% % 1.08%, $iLRik
85.2%. VA ERFE AN s Y B R g i 7 ALV LA R
UF I AR FR AR, 3X I Eh 4 ARTE A th S HE) T N 3
BETH IS

TEYN IR A BSOS N L R R, A%

ERORVE TRESC I T BRI B (140~180 C) AR /)
(0.6~1.0 MPa) T LAES I = R AP HE L, FLANES 14 4L
5N 93%FH 85% . Xt T-AN A JFURL R IR AL, 495U
WP s 6 4 AR 2 e T b AR S PO HH i o

(3) HESEAR I R e AN IR AR T
5

B A P R AR AR R U RS 1 R E e AR, R
B R, HE R R AP AT SRR S A
fadr, BT ENR NS ER, AN G e
WHEADARE; dERHEEZ 100°C, KN EEN
140~180 C, FibRlEFINAGEAE AU, I kst
He e v, 5 i U B FE IR . 84 el
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Fig.3 Effects of feed rate on leaching efficiency of vanadium and chromium in continuous production process
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Fig.5 Water content of tailings at different sampling times
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Fig.8 Variation of alkali concentration in three-effect
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ME 8 ATLAEH, AT 10 IR K G BRI B 41
T 50wt%, MEN 45.17wt%; J5 17 IRBST B i 3

PR S0wt% E T 50wt%, HMEAN 49.82wt%. X2
BT V0 TAR I 2873 L T8 A XK ZRROR
i, ARV E AR E R AR, BT SRR R
VISR, B R F BCRAR, BRI 4 T0E
ARE SOW%MIRE . JEIAHT L2 0uE, EAREN
ARV T IRIRIRE RS, fH 0.8 MPa [HZ& 15 NIB RN 2595,
FIRE R RS R, 5 SR BT FE ik BB T ()
SOWt%IR o BRI IR AT 38R BE D 47.5wt%, B AN
JE TR A T IR P R

3.1.6 HL= il &

1 NasVOu fill & V,0s, 75 &8ss 1 3k
NH4VOs, MBen] 15 Vo0so T 0 AR I H] FH LA 42
=Rl s, iz L P gk i s v 4 2l
AR, NasVO, G0 Jd 85 40 R B Ak 17 B ] il £ Hh e 4
% V20s, A5 BFIRRIGR [3) 044 25 T 083 R H, M
A T2 MR LI K EZH . #5r =2l Vo0s 7= i
(RS 3 AT R UNER 4 fiis

*4 SHEIFLZIAHTIRD THER

Table 4 Composition analysis results of high purity vanadium pentoxide powder

Component/wt%
Sample
V,0s Na,0+K,0 Fe P Si Al S Ca
1 99.61 0.009 0.014 0.020 0.063 0.019 0.003 0.044
2 99.58 0.017 0.004 0.001 0.052 0.032 0.023 0.068
3 99.52 0.009 0.007 0.002 0.075 0.029 0.035 0.082
4 99.59 0.015 0.031 0.003 0.059 0.03 0.01 0.041
5 99.58 0.013 0.010 0.002 0.072 0.012 0.004 0.050
6 99.55 0.005 0.007 0.002 0.075 0.008 0.002 0.080
7 99.63 0.008 0.013 0.003 0.051 0.015 0.004 0.053
8 99.68 0.005 0.007 0.001 0.042 0.017 0.008 0.023
9 99.61 0.005 0.015 0.001 0.041 0.023 0.005 0.081
10 99.66 0.011 0.006 0.001 0.040 0.018 0.008 0.040
RS IRHRD DGR
Table 5 Component analysis results of vanadium—chromium mud
Component SiO, Cr,03 AlLO3 V105 CaO Na,O Fe O3 MnO
Content/wt% 29.3 30.93 9.61 8.44 7.74 7.66 3.42 1.12

3.2 PSRRI A EEIRIGE

BUER VNP AR e T2 A = AL I R R
KA TP~ 2E 8V, Cr R340, F IR H AL
BRITIECHIRE, BREEPERA KCIO; J9mR M E A
-30wt% NaOH izt T2, Hrg Rk
79.30%, 1EXJEEEELER 7 B ARAE B AR 7T, Eh ) A5 30R
F—B& 100 g/L NaOH iz — — B HoO, AR th TZX
TSV, Cr 3T THEL V, Cr BHE S A
95.68%F1 92.9%, (HAN G LS AT . AT
R A k7 2 s T 2R 4%, T A AR A 72 A )

PUERVEIEAT RISCRI A, #33] T NasVOs Fl NaxCrOg # Ff
FE, NAVETR ISR G R SR A T — S i .
3.2.1 UKV ERLAL = 5 4 #

RIELES Ve T % T2 LA Cr(OH)s TERAZTE, SRR E
F1(4) 54%~57%), FPEVETINBAFE S, 7EiRE 100°C
AT 6h, BT 4 R INR 5 iR, HERATAL,
PSR Cr F & (LA Cr0s 114 30.93wt%, V & (LA
V205 117 8.44wt%, FLA B i 1 BRI F A8 -
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Fig.9 Changes of vanadium and chromium contents in tailings
of vanadium chromium mud liquid phase oxidation process
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Fig.10 Chromium accumulation law in leaching solution

Fo6 FBUWMALFPARRMNRMETEHAERR T RETL
Table 6 Solution component concentration changes before and after sodium vanadate reaction in
calcification vanadium precipitation process

Component concentration/(mg/L)

Sample Reaction stage

Al Ca Cr Fe Si P \
1 Pre-reaction 124.59 1.13 1318 0.70 370.8 268.94 21047
Post-reaction 163.38 133 1325.9 1.18 36.4 0.8 563.12
2 Pre-reaction 114.53 11.2 1154 3.19 249.7 625.93 20587
Post-reaction 184.5 25.55 1074 0.12 51.22 0.63 352.17
3 Pre-reaction 102.9 42.96 1170.96 10.37 275.14 1038.39 20706
Post-reaction 106.58 17.61 1049.19 2.52 148.00 4.84 632.21
4 Pre-reaction 93.77 9.57 837.38 3.51 261.18 797.73 19751
Post-reaction 167.23 43.06 793.26 1.86 138.76 3.25 427.24
5 Pre-reaction 77.96 79.34 805.04 0.01 157.69 616.00 18623
Post-reaction 108.31 37.26 459.25 0.01 49.56 0.81 610.38

3.2.4 =R R-ERIRANGS G

FHLER A4S i L7433 NaOH-Na,CrO4 TR &
WERENZBERZRMATER, F NaOH IREEKE
50wt%Je, NG e AT G d, S RanE 1

Fin. BRI, HLERENZE it o v B 28 R RS o3RIk
B4 22.75 g/L, ZEKR G U ER P IIIRE R 38.59
g/L, ShidhJaEE G FIRIE N 31.71 gL, HRERENM
SERREEN 17.65%. VB TR IR LIS F] 25~30 g/L
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(1) TRIERAE =B B, TEANIHER S S BN 3L
N3 EAE R, K 3R Y8 AR WS I A R
(140~180 “C)FNHK K 7(0.6~1.0 MPa) R HLATE 11 751 2%
[P, PURES (3 AG 253 50 93%A1 85%; X AN[H]
JERERIR LI, AN S SRR AR S AR I H A 5 1)
RiitERE.

(2) TG B, BEERLERIE N, IR UEE
RIS FEAE 8, 2RI IR K, 53 NaOH
IR IRHT AR, AR B8I2 IR N %

(3) A B AR IENUE AR E 2 S, K
=gk 720, RIE T BE S /KRET 30wt%,
AFAEAURT 0.15wt%, AIAEMEIKT 0.05wt%.

(4) % F OSLO ¥4 w2 TR NS, i, UG
BNEE S RIE R 61.5%, RIE T HLERENIR FE A BETE IR 1R 5L
Rhn LS IR SR G AR R DA TR
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