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TTEFERGE HUNTEALE 20%~30%(J 5550 IR BR Bk
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Table 1 Composition of vanadium-bearing steel slag (mass

fraction, %)

V205 CaO T102 MH02 Cr203
2.57 41.09 1.90 1.57 0.57
FeO A1203 S102 MgO P205
24.28 1.85 7.94 11.90 2.45
. o — Ca,Si0,

+ — Ca,Fe,0;5

4 — FeO

" — Ca,Si0;

*— CaO

0 10 20 30 40 50 60 70 80 90
26/(°)
BEl1 SHUNER XRD i
Fig. 1 XRD pattern of vanadium-bearing steel slag

2 FHUNE SEM 1%

Fig.2 SEM image of vanadium-bearing steel slag
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Table 2 EDS analysis results of vanadium-bearing steel slag

Mass fraction/%

Phase
(0] Al Si P Ca Ti \Y% Fe
26.58 3.01 3.24 2.37 2691 0.26 1.38 25.19
32.95 0.76 6.28 4.39 22.66 0.09 0.46 2.51
11.64 0.63 2.41 2.09 2091 0.25 0.54 11.05
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TIAL I 2 TR JSE AR HH 58 B o SR TR IR 7KV 8 I 7
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2.1 BEMNENMBETRZBITANEI

PR RE - BERe e () 2 5k N T IR E AN
A FIRIEE R FE 2% CaO/V,05 Eb K Hidth e K%
HAT IR, SR8 [ 12 HIREE 40 C, WAL 6:1,
JERPRLEE 74~124 pm, fEBRZM R 2 B EEEE 800
r/min, CAHBREN S AL RN . 52T ShIRIR I oy
BITE 0.5+ 1. 2. 3 Fl 4 mol/L WKJE T o & HIVA AT A
R LR, W 3~5 . B 3~5 AT LVE
i, Bl SRR FE 3G N, CaO/V,0s LLIZHTFEMK. £
IR E <2 mol/L B, FJLFARIRH, CaO. FeO.
MgO. MnO. SiO, 4 H A EH, Hd Cao 1)
WO R, WIEFL 70%. BEERERWKE (1 i,
M ERFRIRFE >2 mol/L i, V,05 FF4A¥ i, FeO\ MgO.
MnO. SiO, ZF4H /3% %45 3] Tk ig =, CaO HI¥
R R NS . Rk, AT R iEt CaO KA
BB, MAEH V.05, 13 V,0s 75 SN E 4R,
PRACES L, BRI IR E N 2 mol/L.

Ca0/V,0; ratio

N N

0 05 10 15 2.0 25 30 35 40 45
Initial concentration of HCl/(mol-L™)

3 EERIRIEXT CaO/V,0;5 LL 52
Fig. 3 Effect of HCl initial concentration on CaO/V,0s ratio
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Fig. 4 Effect of HCI initial concentration on leaching rate of
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Fig. 5 Effect of HCI initial concentration on leaching rate of

other elements
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Fig. 6 Effect of reaction temperature on leaching rate of CaO
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Fig. 7 Effect of reaction temperature on CaO/V,0Os ratio
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Fig. 8 Effect of liquid-solid ratio on leaching rate of CaO
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Fig. 9 Effect of liquid-solid ratio on CaO/V,Os ratio
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g, RIS [ER 3 B N A . BRI, SEER AT T
T EHUNE R FRLE ST CaO FIA H % K CaO/V,0s Ll
M52, FEMRIE L 8:1. MILABRFE 2 mol/L = Mk
40 C. HEPEESZE 800 r/min i, HE T SN KIHL
JE 45 BIAE>840 pm. 420~840 pm. 124~420 pm. 74~
124 um F1<74 pm i} CaO FI¥ H 28 KA 5L G S5 R 1)
KFR, SRWE 10 M 11 frox. SR >124 pum B,
X SEHITEA CaO PRI HH 2R 52 50K, Bl 25 67 B2 (14 ik
N, CaO M FEEZEHKES . HRENT
124 pm B, XRMATH . 58] CaO M H Z 2 EE
/No FEAE 20 min WIEEIFHT. S48, HE 11 &R B
EH, £ 10 min B, CaO/V,0s LR ZE /DN, I
b S SN [ R 3 R G Mg K . R BERIRAE 2.5 75
BEAT 3BT IMERE E &, HiE RERE N 74~
124 pmo

Time/min
B 10 SRR (PS4 CaO ¥ H I 2R
Fig. 10 Effect of particle size(P.S.) on leaching rate of CaO
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Fig. 11  Effect of particle size on CaO/V,0Os ratio

25 HbntRERMIFHITA

Wikl R RIS R, #e LN IEE T 2%
IR EhRRWIUAREE 2 mol/L, JRSRFE 40 °C, WifH
Et 8:1, HHUNERIEE 74~124 ym. FFEEMEME T,
SEPEFER S 800 t/min, FHEE T S HUNE T H AL TR M
WA, SRmE 12 Pros. BB 12 TRUEH, B
SN TR 3G N, k. BE. RO H R
FHAE R BIHT 10 min G AR, FHd MnO, ¥ H 2
Ak 39%, MgO ¥ 20T 1A 47%, FeO [ H 2]
R 39%. FHAh, HE 12 R REH, Sio, KR H
FAE M 10 min ARG, 1Tk 55%, B R
L T RE K, SiO, [ HE 2B W IN R 20% 76 44
EHEH 2.2, 2.3, 2.4 RRHEH, CaO/V,0s LUFE
I [ SR IR B 2R 7E 10 min A MEA TR . H 3 B R
BRI, fERM 10 min Y, EHHRE T Si0, 5 iR
SN AR SRRV T, BEE I (] G, RTRIR
FEIZET RS, FERRAFSE AR RTE N . [FI,
XA T B SR8 1) e A SRS [R] 9 10 mine
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Fig. 12 Dissolution behavior of other elements in vanadium

bearing steel slag
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AW FEI E R S PV T I B T AL
FEHMZLBREMERNE TR, FIK CaO/V,0s
b, [, 7R R R SR, DRk
R PR R R 3 TR, S R AL
J5, CaO fnfrH 41.09%F% % 14.28%, H4LLLH 16 [F
2 3, FeO MIfmALH 24.28%% % 21.65%, 1A H AL
39%, MgO MIFAIH 11.9%MZE 7.71%, HHRAA
47%, USRI 2.57%3R 2 4.85%.
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WP Z G2 . IRIESHNEY ¥ 0, PUE
EPVIRE AT B G BB AR R R A T
FERR A5, RERR =85 BRI . B 13 FiR BN &

®/3I PTG B AL R

PLANE, 2 mol/L ThEE THALEE (1) R V& AT 4 mol/L £RER Tl
ARFRIF R XRD . HE 13 WLLVEH, £/ T 2
mol/L I, W& H IR G EEMAS . A8k, ok
FRESZEH M. 7E 4 mol/L W, MR /5 FIRERR —45 (1)
VBRI, UL IR MR BRI, A
A 9N P BT Y IR SRR RN S, Ho

. *— Ca,SiO,
+ — Ca,Fe, 04
4 — FeO
= — (Ca;Si0;

Tailings, 4 mol/L

Tailings, 2 mol/L

*— CaO

0 100

26/(°)
B 13 SHERY M AR FRRRIK IR H R HE ) XRD %
Fig. 13 XRD patterns of vanadium steel slag and tailings

leached by different acid concentrations

Table 3 Composition of vanadium-bearing steel slag and pretreated tailings

Mass fraction/%

Component
V5,05 CaO TiO,

MHOQ Cr203 FeO A1203 S102 MgO P205

Vanadium-bearing steel slag 2.57 41.09 1.90

1.57 0.57 24.28 1.85 7.94 11.90 245

Tailings 4.85 14.28 7.32

3.59 0.94 21.65 3.85 6.09 7.71 5.66

&4 PLHLE RREAEE T
Table 4 EDS analysis results of tailing after pretreatment

Mass fraction/%
Phase
(0] Al Si Ca Ti \% Fe
A 27.21 14.82 0.11 0.38 6.81 17.97 24.37
B 49.26 4.92 26.42 5.01 1.68 2.8 7.89
C 26.26 3.98 41.66 12.56 7.22 3.03 3.67
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WA BB, AR IR, FIRHE
KNG EY W) SR G5 M 7EIR T AR PR R FE R R
TR, AR FE R OR, LR 2l .
RlUt, ERFRIKEAREEIL 2 mol/L.

Bl 14 F1R 4 45 T 9208 1) 75 HCH W 1A o
KSR Re G e R, wTLLUE R E A
(A)FE TR BB B, B & EIEH] 17.97%,
FEORTAL S H R ORI RO AH, FHTICR I 4 AH
(BYNEHE. 45, BiAH, BI REONRERS AR . K
EMIAR(C) N S RE 45, BRHE, B ERERRAS A .

B 14 TAbE5 R SEM &
Fig. 14 SEM image of tailing after pretreatment

4 FRERINIR

WAL HL S 1) RV AT IR AR AR HE, iR
A IR TS5 TP, BRERENIZ B S S 2 Al
R HRE 200 °C, NayCOs WA & i 20%, WIFE L 4:1,
PHFEIEEE 600 r/min. [FIR, 2065 ARG TALEE 1) 5 4L
AT T X ANE I ERR THUAL BRI 22 1o £ 1% Tl Ak
HE M EPUANE LIRS, 5211 RE R 1
KSR HER SRR, ZEBBRAGEERSH
AR T I RN R 3 B B CaO. FeO. MgO
BT RE TR ) R, HYLHIRIE SN
80.3%AH1 85.9%, KK#Em FHIIEHE. Fsk,
15 F1 16 43 Aleh T AR 2 PiA 315 LN I B IR AV

R"S TACHARZ TAL T 5 LN L BRIR 89 H Ja R o

G A XRD A4 FUALFE (1 35 SR R IR B9
Jr RV XRD i, mAANEE R XRD AT AE H, R
Lo PRALHL (0 5 PTG 2 ) R AN 3 24 CaCO;,
M2 TRAL AT 2 (1) B 1 ZEYIAH N FeO A CaTiOs. it
W AR ER, Y 1 RRIREAIR A AR i R A 45
Yo, iR T LZMmTtE. Jish, ERRIR i
FALIEN COypr KKFEAR T T 25 (AL -

. o — CaCo,
4+ — FeO
= — Na,SiO,
- P “ O
W n )
10 20 30 40 50 60 70 80 90
20/(°)

B 15 RETALEL) & PN IRIR NI 5 B XRD %
Fig. 15 XRD pattern of tailings leached by sodium carbonate

from vanadium bearing steel slag without pretreatment

[ 4+ — FeO
= — CaTiO,

20 30 40 50 60 70 80 90
20/(°)

Bl 16 2 TALER & PN IR R BHIR 1 J5 R XRD
Fig. 16 XRD pattern of tailings leached by sodium carbonate

from vanadium bearing steel slag by pretreatment

Table 5 Tailings components of vanadium bearing steel slag with pretreatment and un-pretreatment leached by sodium carbonate

Mass fraction/%

Component
TIOZ MH02 V205 Cr203 FeO A1203 SIOZ CaO MgO P205
Pretreatment 2.26 1.77 0.42 0.33 8.4 1.47 7.2 9.38 4.13 1.42
Un-pretreatment 1.54 1.26 0.41 0.47 20.21 1.68 5.58 34.44 9.69 1.54
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1) KA EHEREFMER B S PUNE Y CaO, JF 2
BRiE. Hi. BREAER, ST ESE, BIKEH
) CaO/V,0s tb, DLIRTS S s ml A 85
Bl SN BOE B TR EE T 24 F IR VIR
FE 2 mol/L, JNRFE 40 °C, WHE L 8:1, &N FL
JE 74~124 um, SZMNHTE] 10 min. CaO 75 & 1R KM
41.09%F% 2 14.28%, F551 EE 1 16 B % 3, MnO,.MgO.
FeO. SiO, [ H 2653 Jllik £ 39%.47%-39% 1 55%

2) Bl ST, R RS AR, By
PRER TSSO B RPN ERR S AR =
BTSSR AR . B RIR AR S, SRR
AEFE S A LN . 43 B Y CaO. FeO. MgO
PR

3) TRALER)S B R B AT IR ANIZ Y LR
M 80.3%FEm % 85.9%. WG T E HLANIE E MR IR
HOd AR R P A R S 5, 1R T S PV IRIR IR
L ZM AT, ORI T L2 St HEFE .«
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Selective pretreatment and vanadium extraction of
vanadium-bearing steel slag

GAO Ming-lei"?, ZHOU Xin', WANG Hai-xu®, YANG He?, LI Lan-jie>, XUE Xiang-xin'

(1. School of Metallurgy, Northeastern University, Shenyang 110004, China;
2. Institute of Vanadium Titanium Technology, HBIS Group Cheng Steel, Chengde 067102, China)

Abstract: Because of high Ca and Fe contents and low vanadium content, the vanadium-bearing steel slag cannot be
utilized synthetically. Available vanadium materials are obtained by selective pretreatment method. The dissolution
behaviors of Ca and other impurity elements from vanadium-bearing steel slag in hydrochloric acid system were studied.
The effects of the hydrochloric acid concentration, the leaching temperature, the particle size and the liquid-to-solid ratio
on the dissolution rate were investigated. And the dissolution mechanism of the process was also investigated. The
experimental results show that the optimal pretreatment conditions is as follows: the initial HCI concentration of 2 mol/L,
reaction temperature of 40 °C, liquid-to-solid ratio of 8:1, reaction time of 10 min, and particle size of 74—124 pm. The
content of CaO decreases from 41.09% to 14.28%, the CaO/V,Os ratio decreases from 16 to 3, and the dissolution rates
of MnO,, MgO, FeO and SiO, are 39%, 47%, 39% and 55% respectively. With the reaction process, the mineral phases of
free calcium oxide, iron oxide and calcium ferrite are destroyed, while the mineral phases of dicalcium silicate and
tricalcium silicate are unchanged. After leaching with sodium carbonate, the extraction rate of vanadium increases from
80% to 85%.

Key words: vanadium-bearing steel slag; pretreatment; leaching; hydrochloric acid
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