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Table 1 Chemical compositions of vanadium slag (mass

fraction, %)

V5,05 Fer Si0, CaO MnO
17.70 32.00 13.44 1.74 8.24
Cr,05 MFe TiO, P
1.62 17.32 11.90 0.06

Fer is total Fe content.
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Fig. 1 XRD patterns of vanadium slag
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Fig.2 Back scattered electron image of vanadium slag
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Table 2 Results of energy spectrum analysis on vanadium slag

Zone 16 Zone 17 Zone 18
Element
wl% x/% wl% x/% w/% x/%
0] 16.97 39.54 25.45 47.96 35.51 54.65
Mg 1.18 1.81 4.69 5.81 0.44 0.44
Si - - 15.53 16.67 26.87 23.56
Ca - - 0.31 0.23 9.01 5.53
Al 1.37 1.89 - - 5.33 4.87
Ti 12.71 9.89 0.33 0.21 3.35 1.72
v 23.07 16.88 0.34 0.20 - -
Cr 1.93 1.38 - - - -
Mn 5.92 4.01 11.94 6.56 4.56 2.04
Fe 36.87 24.60 41.42 22.36 13.61 6.00
K 0.50 0.31
Na 0.82 0.87
Total 100.00 100.00 100.00 100.00 100.00 100.00

BRI, PUEKIER 41/ T 0.125 mm
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RIBIIRABATR MR R AES o WA D RO BN
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Fig. 3 SEM image(a) and energy spectra hierarchical graphs((b)—(f)) of clinker at 660 ‘C: (a) Electron image; (b) V; (c) Fe; (d) Ti;

(¢) Ca; () Mn
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B4 AFREEREEAEHT SEM &
Fig. 4 SEM images of clinker at different
temperatures: (a) 660 ‘C; (b) 740 °C;
(c) 740 °C; (d) 820 C; (e) 860 C

El5 900 Chrle#kl ¥ SEM 1%

Fig. 5 SEM images of clinker at 900 ‘C: (a) Silicate+R,03; (b) Calcium vanadate
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Bl 6 940 CREFERELRE B L T8 Kot 4 A
Fig. 6 Back scattered electron image(a) and element distributions of clinker((b)—(h)) at 940 “C: (a) Back scattered electron image;
(b) Si; (¢) AL; (d) Ca; (e) V; (D) Ti; (8) Mn; (h) Fe
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Fig. 7 SEM image of clinker at 940 C

2.4 SERERRZ RAFAE
241 Bt

FRAE UL ER I DX oy e o AT 4 1, 18 8 ol
LR AR BT 25 0 Z R LU B RS R JE AR .
820 ‘CH| 940 C, Mg Xf V Jiife LhIEA AL THHRAH
0.0038~0.14; Ti 1 Fe Xt V i tbtiA s, HREEE
THE N, 229004 0.0054~0.77 1 0.061~0.55; Mn
5 v ikt teAE 900 C LL AR KRR i 0.61~0.82, F 2
900 ‘C 5 FFE, BR/NAIMEN 0.61~0.69 41, A%
76 0.11~0.27 Ju[fl; 5 Mn #HLLES, Ca XtV FislbrE
900 ‘CLL N —HATHAKKF: 660 C, KA Ca;
740 CHf A 45/ HE Ca; 820~860 ‘C, m(Ca)/m(V)h
0.14~0.18, FELF| 900 ‘CJi, m(Ca)/m(V)A W] W3]

1 = m(Mg)m(V)
12k X o m(Ca)/m(V)
: + m(Ti)/m(V)
Lok v m(Mn)/m(V) °

x m(Fe)m(V) o

o »®
T

Mass ratio
S <o)

0.4
v
02} X
800 850 900 950

Roasting temperature/C

B8 ARG N PRk 2% oo 2L AR i L
Fig. 8 Mass ratio of various elements to vanadium in

vanadates at different roasting temperatures
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Mechanism analysis of phase transformation process in
calcified roasting of vanadium slags

FU Nian-xin"2, ZHANG Lin®, LIU Wu-han®, ZHAO Bo"?, TU Gan-feng"?, SUI Zhi-tong"*

(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;
2. Key Laboratory for Ecological Utilization of Multimetallic Mineral, Ministry of Education,
Northeastern University, Shenyang 110819, China;
3. Xichang Iron and Steel Co., Ltd., Pangang Group, Xichan 615012, China)

Abstract: The mechanism of phase transformations in calcified roasting vanadium slag was studied by XRD, SEM and
EDS analyses. The results indicate that the major phases in the vanadium slag are irregular and polygonal iron-vanadium
spinel and fayalite, both of which have been the beginning of oxidation decomposition at 660 ‘C. The decomposition
products of the former are the micro crystalline aggregate of solid solution R,0O3 and partial pseudobrookite with small
amount of manganese vanadium distributing on the micro crystalline boundary. Fayalite is evidently decomposed at
740 C, resulting in its structure failure. With the temperature (660—900 ‘C) raising, the oxidation products gradually
increase, and the micro crystallines grow and aggregate. Also, the vanadate transforms in morphology from a small
amount of dissemination to micro particles and to amorphous and molten zone, which migrates to the outside of the slag
particles in the meantime. Below 900 ‘C, Mn content in the vanadate is higher and Ca content is lower, indicating that it
is manganese vanadate. Above 900 ‘C, the contents of Mn and Ca in the vanadate vary reversely, indicating that the
calcium pyrovanadate forms. The liquid phase occurs in slag particles at 940 °C, which results in mixing the partial
calcium pyrovanadate with R,O; and glass phase to hinder the oxidation reaction.

Key words: vanadium slag; calcified roasting; phase transformation; manganese vanadate; calcium pyrovanadate
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