%23 %5 4 TEEEEEFR 2013 4 4 J
Vol.23 No.4 The Chinese Journal of Nonferrous Metals Apr. 2013

XEHRS: 1004-0609(2013)04-1129-11

KOH Rt R ERGB EHIT A

M, o EL W RN 2SO, Al ko &

(1. FEFBEER SRR TREMI, JEaT 1001905
2. HEEERERE, 6T 100049;
3. PEEFE TR AREGR AT, Jbi 100038)

8 E: NPUATE KOH WAR AR T MRS 1 F TS, 8RNV . Bl st bl BB, A EaE T
ZBHCTRE S LR W, AR T ESH, I RONAIEEHH T . SRR, MR R E A
MR 2 AUERAILIE A R FER SRS 180 C, TR EL 4:1, KOH BRI 75%, #HHEHA 700 r/min,
SNRFE] 300 min, RIS EAN 1 Limin RN AR, REYL BINRHEZ5 AR 95%F1 90%LL .
B /E KOH WAK b i AL - R IEAE A A S, = BEsg a3 dssthl, ARLFIER R AR LIS AL RE 20 53 40.54
F150.27 kI/mol, USRI DRI A . A AR S A iR A TS .

KHBEIR: U SUALER WA P

hESHES: TF111.3 XHEkFRERS: A

Dissolution behavior of vanadium slag in KOH sub-molten salt
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Abstract: The dissolution behavior of vanadium slag was studied by decomposing the slag in KOH sub-molten salt. The
effects of reaction temperature, KOH-to-ore mass ratio, particle size and gas flow were examined for obtaining the
optimum process parameters. And the dissolution process mechanism was also investigated. The results show that
reaction temperature is the most significant factor on vanadium and chromium extraction efficiency. Under the conditions
of temperature of 180 C, initial KOH-to-ore mass ratio of 4:1, KOH solution content of 75% (mass fraction), stirring
speed of 700 r/min, and gas flow of 1 L/min, vanadium and chromium extraction rates obtained are greater than 95% and
90% after 300 min, respectively. The results show that decomposing process of vanadium slag in KOH sub-molten salt is
well interpreted with the shrinking core model under internal diffusions control. The apparent activation energies of
vanadium and chromium are 40.54 and 50.27 kJ/mol, respectively. Vanadium and chromium spinels are oxidized after the
decomposition of fayalite and quartz phases.
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vanadium slag of Chengde Iron and Steel Group
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Table 1 Chemical composition of different particle sizes of vanadium slag of Chengde Iron and Steel Group
Mass fraction/%
Particle size/um

Al,O4 CaO Cr,04 FeO K,O MgO MnO SiO, TiO, V,05
>150 0.7 0.86 1.9 64.08 0.43 1.36 3.08 11.6 5.71 6.31
75-150 2.5 1.2 3.04 45.89 0.3 1.55 4.96 18.66 10.93 9.32
42-75 1.35 1.35 3.8 41.96 0.56 2.06 4.42 20 11.4 10.6
<42 2.12 1.88 4.1 41.71 0.1 2.03 4.59 20.7 12.5 12.2
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Fig. 2 XRD pattern of vanadium slag
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Fig. 3 SEM images of different particle sizes of vanadium slag: (a) >150 um; (b) 96—150 um; (c) 58—96 pum; (d) <58 um
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Fig. 5 Schematic diagram of experimental apparatus
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Table 2 Experimental factors and levels

Factor
Level No.
0/ C M w/% t/min
1 150 3:1 65 120
2 165 4:1 75 240
3 180 5:1 85 360
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Table 3 Results of Lo(3*) orthogonal experiments

Factor
No. 01C M W% Jmin Extraction
rate/%

1 150 3:1 65 120 21.69

2 150 4:1 75 240 55.93

3 150 5:1 85 360 60.35

4 165 3:1 75 360 58.32

5 165 4:1 85 120 60.50

6 165 5:1 65 240 70.21

7 180 3:1 85 240 80.63

8 180 4:1 65 360 88.03

9 180 5:1 75 120 84.15
K/3 4599 53.547 59.977 55.447
K>3 63.01 68.153 66.133  68.923
K3 8427 71.57 67.16 68.9

R 38.28 18.023 7.183  13.476 Ry>Ry>R, >Ry

R4 BT

Table 4 Variance analysis of orthogonal experimental results

Factor S f F Prominence
0 2 207.026 2 24.371 *
M 549.869 2 6.072
w 90.559 2 1
t 362.613 2 4.004

*—Factor is prominent.
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Fig. 8 Effect of particle size on vanadium extraction rate
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Fig. 9 Effect of particle size on chromium extraction rate
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Fig. 10 Effect of gas flow on vanadium extraction rate

100
801
X
)
s 60f
=
.2
5
g 401
L;j Gas flow
= — 1.2 L/min
20t *— 1.0 L/min
4— (.6 L/min
v— 0.2 L/min
0 50 100 150 200 250 300
Time/min

11 PR B R SR
Fig. 11 Effect of gas flow on chromium extraction rate



%23 % 4

HHE 10 PT 1, SREACY 0.2 L/min B, LR H
WS, H 5 h EMEHER 62% A4, 14
KT 0.6 L/min G A RESLILS =, 3h )5
B FRIEF] 92%. L E KT 1.0 L/min I, FLITE
H TR AR BB —E, #E 2 h et SEEl T EARRR
U5 AR ST R AR R, KRR T
IR EIG, M AR SRR
REAIL R T, FEOR KRR H A AELGRSE
Perm. Pk, AAREIESE 1 Limin GG

A 1L AT %n, BRI S AL AR AR L, K
SRR PR BN % (10352 Hh S I B I Bl 2, AR 0.2
L/min I 256532 RN 43%, HE-—DUtH T
B AR LE AL ZE K

2.5 HEHERFENEIN

— AT B AR PR R B, SEE
ZAFWTR: B 75 pm, IR 180 C, WAL 4:1,
WK BT 75%, /WS 1 Limin, 55, BEEEE)
52 1004 300 500, 700, 900 r/min, SZ46 45 R 4n&]
12 F1 13 flim .

FH BT 12 FE] 13 1] %N, 3R 28K (100 A1 300
r/min), . B HACRAEME, EHRFEEES 100
r/min B, PURVES (19 5 22 R0 58 42.59% il
30.19%; MPEFEHCRAR S 300 r/min B, HL. H#0R H
KIEF T 65.90%H150.27% . 24 #1342 KT 500 r/min
I, S AE 3 h J5 R 4T 90%, ik k700
r/min I 2 h JERUSEIL T EARRR Y, PR PR
(R N EE N

Pl P13 T A B A U T ORI
J, AR T AR R A I ) 3 A, AN R T4
BRI m RO o A5 Y F N & R i R

100

Stirring speed
= — 900 r/min
® — 700 r/min

801

601

40t

Extraction rate/%

20} 4 — 500 1/min

v — 300 r/min

. . . L= 100 r/rpin

0 50 100 150 200 250 300
Time/min

B 12 HEdd o R A r 5 m

Fig. 12 Effect of stirring speed on vanadium extraction rate
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Fig. 13  Effect of stirring speed on chromium extraction rate
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Fig. 14 Effect of temperature on vanadium extraction rate
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Fig. 15 Effect of temperature on chromium extraction rate
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Fig. 16 Plots of leaching kinetics of vanadium under various
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Table 5 Chemical compositions of residues after reaction for different times

Mass fraction/%

Time/min

Cr,0; Fe,O5 MgO ALLOs TiO, MnO V205 Si0, K,O

0 4.078 52.83 2.44 1.52 11.16 7.39 12.02 223 1.02

10 3.58 49.97 2.79 0.79 9.60 6.03 8.99 9.74 2.47
30 2.99 45.40 2.40 0.64 8.65 5.27 5.82 8.97 1.83
60 1.16 46.57 2.44 0.58 8.49 5.21 3.35 9.73 2.68
120 0.66 49.05 2.63 0.53 9.00 5.60 2.05 9.02 3.05
180 0.58 48.02 2.24 0.40 8.67 5.39 0.91 9.44 4.44
240 0.58 46.21 1.81 0.46 8.36 4.63 0.89 8.90 5.02
300 0.54 54.04 2.06 0.43 9.79 4.51 0.61 10.20 6.44
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Fig. 19 SEM images of residues after reaction for different times: (a) Original vanadium slag; (b) 1 h; (c) 3h; (d)5h

1) IEAZ SIS n] AAS 21, R4 1 Limin B,
TR SN A I VS 180 °C, AT EE R 4:1,
TR RE R 75%, SN 300 min, 2L HY
K 95%LL b, BRI AR 90%LL L,

2) DN ESERR M, RS RIRAE BRATEE
AU BEREEUR L ARSI A b AR S A R T
PSR RE AR

3) BT BRI, B2
KOH W% #h 4 & i A o Al IR AR A B, JF F 22
WA B, RIS R T % BB iR,
IV E TR B il R MIERE 730k 40.54 FI
50.27 kJ/mol.

4) AN[A) SO I (1352t v R0 A S TE 30 43 B 45 S
T, B BRI AT A A LR A R DA
(A il R T4
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