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The Recovery of Valuable Metals from LD-Slag by Smelting Reduction
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Abstract

Smelting reduction technique in arc furnace was applied for the recovery of valuable metal such as V from LD slag. In the
present study, the parameters for increasing the reduction rate and the reduction efticiency were selected by changing the oxide
additives, melting temperature and basicity. The optimum condition for LD-slag reduction was achieved by Al,O; addition. The
reduction ratio of V was increased in increasing the basicity.
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(D insulator @ insulator tube @ graphite tube
@ crucible ® slag ® injection port (Ng2)
@ metal thermocouple @ sealed tube

Fig. 1. Experimental apparatus.
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Table 1. Chemical composition of V-containing slag.

Oxide LD-slag
T.Fe 32.4
Cr203 0.3
V505 24
TiO, 1.2
MnO 24
P,0s 25
CaO 50
SiO, 8.2
MgO 2.8
Al O, 1.8
NaZO -
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Table 2. Experimental condition in the tamman furnace.

. Reduction time Slag weight Reduction Temp. Basicity
Test No. Material (min) © °C) (%Ca0/%Si0,)
T~Ts
TeTw | 1 psio, 30 300 1,500%5 0.8~1.6
T24~T25
T28'"‘T29
Tas LD/SiO, 30 300 1,400~1,600 12
TS, TS; | LD/SIO, 30 300 1,500£5 1.4
TrTy »
Too~Ts LD/Si0/AL,04 30 300 1,50045 1.01.4
Ta6~Tx
T3~T3,
Ty LD/Si0y/ALO, 30 300 1,400~1,600 12
TS; LD/Si0,/AL0,4 30 300 1,50045 1.4
Tiz~Ts LD/Si0,/Al,0:/MgO 30 300 1,500£5 1.2~14
Tys LD/Si0,/ALO;/MgO 30 300 1,4001,600 12
TS,~TSs | LD/SiOy/ALO,/MgO 30 300 1,500+5 14
TS, LD/SiOy/MgO 30 300 1,500£5 12
Ts LD/Si0,/MgO 30 300 1,400~1,600 12
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Fig. 3. Result of reduction of LD slag by 1,500°C and several
y

Fig. 2. Result of reduction of LD slag by 1,500°C and
several experimental condition.
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Fig. 4. Result of reduction of LD slag by 1,500°C and several
experimental condition.

(a) None (T¢) (b) Si0,/MgO-addition (TS,)

(¢) Si0,/A1,0;-addition (T7) (d) SiO,/MgO/ALOs-addition (T},)

Fig. 5. Photographs of melted slag by several additions
(metal parts excepted).
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Fig. 6. SEM photograph for boundary of slag / metal (T13)



L5302’ LD A7 slag 25E V] 3 (1) 25

U KeTi K§

KpCr Ka

Ti K
§ v
o xgfe K<
Fe K@

Lt Le

v Tit
Fe Lahn
si kgS K¢
0]
Cr Kglin Ka

£0.000  xuv Cursor w 367 [ 3.470 kaV ) = 52

(a) Metal phase

9.600  keV >

Al kg

Al K

9 K

Ti La
fn La
T
i K

€0.000  kav Cursor = 367 ¢ 3.470  keV ) = 914

(b) Slag phase
Fig. 7. RFA-Analysis (SEM).

024

9.600  keV >

o measure value

020 L = average value
S R=087
3 o )
% 016
(4 [ ]
&
J, o012k ]
c a a
o o o
E 008 - e o
= n
B L] o
o af o

0.04 |- % 0
> : oo ® Q

o Eb'i s
[als] o0
0.00 L L . L
08 1.0 1.2 14 16 1.8

[(%Ca0)+0.18(%MgO)] / [(%Si0p)*+0.22(%Al,0)]

Fig. 8. V distribution ratio between metal and slag.

Fig. 8& LD & &5 vel 3 vixe 7z
sk G EA4g Aajolth rleA D &3
wolx WS $3%S AN e B Hapke et
W Aolrt.

el Vel vle} Zho] el vl wxe
71%7t 0.8~1.6H9A 7|7t S7tEeS Sk
AEE Byon Ao @r71%r)t 1485004 Fie 3k

< Yept.
ot £Ei1% MgOst ALO VA= FFke vk
D= Aoz FE 7Fssten, olul Rk 0.879]
}.
o7)x3= (%C20)+0.18(%MgO) M
(%Si0,)+0.22(%A1,0,)

(1Rl B d71zoA doiEoz vel 3o
A MgO ¢ ALOySl ¥F9 Ca0%} SiOel B3}
o & o=z yeldt) webd 4§ Ay Fol
M ds=e g7l fEE Ao Algdrh

33. vel glof Dixls SE=2T9 MK YE

Az EYa22E vk Cre g9 mXe 4§
T8 H7FE] JEe 97150t 128 74 e AuleiA
2] Y-S Table 3o YRS

ojnf FUge] AL TS o839t

[(VO%)ixWs, i]-[(VO%)txWs, i]
[(VO%)ixWs, i]

R(%)= x100 (2)

4714 (%VO)i : LB ZIEE(%)

(%VO)t : EEAIZE LlIA2] FE(%)

Ws, i : 27] €871 AU F%(g)

Ws, t : B-8A17F M) S8z F3(g)

@yHelA ATl Flgel) wet LD AR &3
I RSN VR Cr, Fe, P, MnT 72 FA]9)
7] w2l oo wE W IHF SHWs e o
AL o] &3t ALkttt

olwf M= Hejaol &Rk AsHEe 4 vo,
Cr0, FeO, MnO, P,0,2 EA|sl= Ao= sl At
EpsA=g

Whvo={(%VO)o-(%VO)t}xWs/1-(%VO)t 3)

WitFeO={(%Fe0)0-(%FeO)t}xWs/1-(%FeO)t  (4)
WtMnO=(%MnO)O-(%MnO)t}xWs/1-(%MnO)t  (5)

Wicro={(%CrO)O-(%CrO)t} xWs/1-(%CrO)t (6)

W'e,0,={(%P,05)0-(%P,05)t}xWs/1(%P,05)t  (7)

Wtsampling%ﬂ (8)

Ws, =Ws, 0-{(3)*+(d)HS)HE)HT+(8)} ©)

9] oz2Re AXE V, Feol $98-8 Table 3 (a),
(bl ERARATE.

Table 3(a)olA Vo #91&L LDAE &z
Si0,%F Si0y/MgOS H7lsld Fdst ALd=

AdEmolEH A 128 A 25, 2003



26

B M

Table 3-(a). Reduction degree for the Fe from LD-slag. (%)
Temperature ()
Material
1,400 1,450 1,500 1,550 1,600
LD/SiO, (Ta) - - 50 594 82.06
LD/SiOy/MgO (T33) - - 674 71 83.5
LD/Si0y/ALO; (T3) 54 60 70.1 83.5 86.9
LD/Si05/AL,O3MgO (Ts) 58 61 704 74 82.8
Table 3-(b). Reduction degree for the Fe from LD-slag. (%)
Temperature ()
Material
1,400 1,450 1,500 1,550 1,600
LD/SiO, (Ta) - - 477 784 79.3
LD/SiOyMg0  (Ts3) - - 73.8 775 93.2
LD/Si0,/ALO; (T3) 423 - 775 87 89.4
LD/Si0,/AL,05/MgO (T,s) 412 . 80.3 89.4 90
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