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Table 1 Chemical composition of SCW, aluminium ash and
vanadium slags

%}k Al A1203 S102 SiC Si FeO CI'203 MnO Vzo3 T102

SCW - - 149 258 593 -
K 393 488 11.9 - - , - .
Pl - - 194 - 412 49 11.1 142 92

T2 LWEHNFERS /%

Table 2 Chemical composition of test slags

#FE FeO Cr,0; MnO V,0; SiO, TiO, CaO ALO;

S1 36 5 11 13 18 9 8
S2 25 5 11 14 26 9 10
S3 11 5 11 16 37 9 11 -
S4 6 3 23 6 35 11
S5 - - 7 9 24 6 37 17
S6 - - - - 25 6 37 32
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Fig.3 Effect of temperature on the viscosity of different slags
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Fig.4 Deconvolved of Raman spectra by Gaussian fitting of the quenched samples
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Table 3 Raman characteristic peak position of each structural unit of test slags
ey S1 S2 S3 S4 S5 S6 SEH T
510 540 511 Al-O-AlZ i frzht
580 580 575 579 602 567 Si-0-Si%5 iR
629 630 FeCr,0, 1 Fp (3)fizh"!
665 MnCr204¢A1gﬁ§f§ﬁm
675 FeCry0, 14, JRk5)"7
B ) 710 710 709 710 690 - V-0,-VE i)
770 762 753 AL-OX R G fREN
820 843 Al-O-Siff 4 iR 55120
872 851 849 853 861 - [SiO,]" HSi-O X AR i iR >
919 906 913 913 907 918 [Si,0,1° H1Si-O % Fifih 4 #k 1>
951 995 978 1 000 959 991 [SiO; ] HSi-O X AR i R 5>
1076 1075 [Si, O] Si-O % B 4 H 21

R4 EREREIE REMHEIEENER /%
Table 4 Relative areas of characteristic peaks of complex
structure and simple structure in test slag system

L Si-0-Si+Q+Q° Q™+Q' Al-O-Si Al-O-Al Al-O°  SC

S1 14.94 85.06 0.176
S2 26.70 73.30 0.364
S3 71.57 28.43 2.517
S4 12.30 78.29 0 7.85 1.56 0.252
S5 26.33 3542 2221 401 12.03 1.108
S6 27.71 2622 37.60 390 457 2.248
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U FH X THD AR A AN K, T R R R A 45
(Q™+Q") " ik e AH X 1f AH 1S4 1 78.29% P K 22
S6 1) 26.22%; Al-O-Al ¥ fiF W AH X [ #2 HH S4 (1)
7.85% BEAK 2 S6 11 3.90%, i Al-O-Si 4 1iE I #H
S THAR B S4 1 0% 18 % S6 1) 37.60%, Al-O-Si %F
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WERR Eh S MM kB, U R AR M ERRE R Eh 45
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1.108, %% S2 11 0.364 K, HEEEHMKT S2, X+
FEH T AL-O BB RE /N T Si-O B, RE W
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S5 R T S2.

3 4 #®

(1) X R FUE J5 3 72 1 () FeO-V,04-Cr,0;-
MnO-Si0,-TiO,-CaO ¥ % , ¥ ' FeO & & i
36% B & 11%, Si0, & & H 18% 14 I £ 37%
I, S AR 45 7 1) 32 BEDR 3 A FeO % & 1)
BALFEAR N Si0, SR, FEEM R A h
0.176 3442 2.517, FHNIHE, 1873 K, ERFE
H 0.092 Pa-s 4% 0.476 Pa's.

(2) X P58 J5 3d 72 1 i) FeO-V,04-Cr,0;-
MnO-Al,0,-Si0,-Ti0,-CaO # % , 4 ¥ H1 FeO.
Cr,05» MnO. V,0, & & [#1 % 0%, ALO,
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0.252 34 22 2.248, 50 Jis 1A 25 4 1) 2 I 3K O
HALO; SRR AN, 1873 K i, MR
FiFE 1 0.091 Pa-s #% 0.372 Pa's.

(3) NEPEIE JFHE BB RS Eid
PRl R EA R RN B )5 564, TR ORAE
B0 BRI BT, 904 JFU AR 1Y) S8 Tt FE L 4
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E1823K LA L.
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Evolution of Viscosity and Structure Property during the Two-step
Reduction of Vanadium Slags

SUN Xiaolei, ZHANG Lingxi, CHEN Min
(School of Metallurgy, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: This is an article in the field of metallurgical engineering. At present, the cumbersome product
routing of FeV alloy causes high energy consumption and hazardous leaching liquor waste. Therefore, a two-
step direct reduction to produce FeV alloy from vanadium slags using photovoltaic silicon wafer cutting
waste and aluminum ash as reductant, was investigated to solve the above problems. In the present work, the
evolution of viscosity and the melt structure during the two-step reduction process of vanadium slags was
investigated. The results showed that at 1 873 K, FeO-V,0;-Cr,0,-MnO-8Si0,-TiO,-CaO slag system
corresponding to the prereduction process, with the decrease of FeO content and the increase of SiO, content
in the slags, the size of FeCr,0, spinel decreased gradually. The transition of the main influencing factor of
the melt structure from FeO to SiO, resulted in the increase of structure complexity, the structural
complexity of the slag system increased from 0.176 to 2.517, the viscosity of the slag system increased from
0.092 Pa's to 0.476 Pa's. FeO-Cr,0;,-MnO-V,0;-Al,05-Si0,-TiO,-CaO slag system corresponding to the
final reduction process, with the decrease of FeO, Cr,O;, MnO, V,0; content and the increase of Al,O,
content in the slag, the size of MnCr,0O, spinel decreased gradually and the slag system comprised from a
solid-liquid mixture to liquid, the transition of the main influencing factor from SiO, to Al,O; resulted in the
transformation of the main structure of the slag system from silicate to aluminosilicate, the structural
complexity of the slag system increased from 0.252 to 2.248, and the viscosity of the slag system increased
from 0.091 Pa-s to 0.372 Pa-s.

Keywords: Metallurgical engineering; Two-step reduction; Vanadium slags; Viscosity; Melt structure;
Structural complexity
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