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Analysis on transfer and enrichment of metal elements during reduction
roasting of vanadium tailings

YU Xiong., SUN Lifeng, WANG Hesong, ZHUO Yukun, LUO Peng
(Key Laboratory for Ecological Metallurgy of Multimetallic Mineral, Ministry of Education,
Northeastern University, Shenyang 110819, P. R. China)

Abstract; Based on the carbon thermodynamic analysis, experiments of pellet reduction-roasting of
vanadium tailings are conducted. With phase and component analysis, carbon thermal reduction process of
metal oxide in vanadium tailings is systematically studied. The results indicate that under different
reduction temperatures, reduction process of iron, chromium, vanadium, manganese and titanium exhibit
different characteristics and transfer rules.
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*1 RYIEENEBUDURZER(RESH/%) ®2 BRRTVEBES (REHE/ %)
Table 1 Composition of vanadium tailings Table 2 Composition of Lu’an pulverized coal
(mass fraction/ % ) (mass fraction/ %)
Fe, O Cr, O MnO TiO, V,0; [#] % i R 5y W5y K5y S
47.99 7.08 4.05 9.84 1.78 71.06 11.17 10.17 7.60 0.34
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Fig.1 Flow sheet of process route
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D) B AW B0 ik 3 ads i e S A1 12 0 D D ) 32 B B I A
Fe,O; +11/3C=2/3Fe,C+ 3CO,

AG'=1016 105 —1 547T J/mol; (D
Fe, O, +1/3C=2/3Fe, O, +1/3CO,

A G =69 886 — 223T J/mol; (2)
Fe; O, +5C=Fe; C+ 4CO,

AGY'=472 868 —661T J/mol; (3
Fe, O, + C=3FeO+ CO,

AG*=139 669 —202T J/mol; 4)

FeO + C=Fe+ CO,
A G"=106 064 —147T J/mol, (5)

A AG'<<0.1% T>721 CHf, BRI K4, BB Fe, O;—>Fe, O,>FeO—>Fe—>Fe, C )l [
J5 A5 2 4 8 2 B0A )5 AR BBk Ab 2k Fes Co 25 IR BRI F8 40 380 I 5 B A5 K K 38 I 7= W) b 7 AT S R 2 e
%%Fﬂ,Jﬂmﬂ%?i%mrﬁlMSCﬁMb%%h&m?ﬁtho
2) % S0 1) e ARG D S I T =X (6) ~ (9) B
3Cr,0; +C=2Cr,0, + CO,

A G* =508 320 — 300.33T J/mol; (6)
3/13Cr, Oy +2/13C=2/13Cr;C, 4+ 9/13CO,
AG’=165 700 — 120.3T J/mol; (7
7/27Cr,0; +C=2/27Cr,C, +7/9CO,
A G’ =187 556 —133.6T J/mol; (8
23/81Cr, O, + C =2/81Cr,, Cs + 23/27CO,
A G =210 564 — 145.5T J/mol, (9

RARIIBITE ,Cr, O, B JEA K Cr, O, R E 1420 CL M MR E S F 1 105 CH iR RES R A AL %% A
Bt A A%+ Lk 7 v T A A Ak e D T i R A L . AR AR B T A R 4 JE Bk S RIS B TR R
B ALY . Bk B BB E 34 5 S AT

3)ER AL W 1y B G Tt 5z g an 3K (10D ~ (16) iR

3TiO, + C="Ti, O; + CO,

A G? =273 500 —197.98T J/mol; (10
1/3TiO, + C=1/3TiC+ 2/3CO,
AG’=175800—112.17T J/mol; an
2Ti; 05 + Cv=3Ti,0, 4+ CO,
A G” =249 500 — 152.47T J/mol; (12)
1/8Ti; O; + C=3/8TiC+ 5/8CO.,
A G®=163587.5—101.46T J/mol; (13)
Ti, O, + C=2TiO + CO,
A G* =358 500 — 195.67T J/mol; (14)

1/5Ti, 0, +C=2/5TiC+H 3/5C0O,
A G* =157 860 — 98.06T J/mol; 15
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1/2TiO+ C=1/2TiC + 1/2C0O,
A G =107 700 — 73.66T J/mol, (16)
THEEAH 56 5 1 S IR I RE T 0 IS A Bk AR AR 0 B B A IR AR B TG, T s A Y Tis O die e 38 it L I B 5K
1340 C,
O PUAARY) B B FGE N5 S an =8 (17) ~ (22) B
V,0; +C=2VO0, + CO,

AG'=—15710—166.05T J/mol; (17)
2V0, +C=V,0, + CO,
A G’ =95 300 —159.86T J/mol; (18
V,0; +C=2VO -+ CO,
A G? =239 100 — 164.22T J/mol; a9
VO+ C=V+CO,
A G” =310 300 —166.81T J/mol; 20)
1/7V,0; +C=2/7VO0, +5/7CO,
A G’ =310 300 — 166.81T J/mol; ¢2D)
1/2VO+C=1/2VC+ /2CO,
A G’ =104 105—78.21T J/mol, 22)

THE AT AR Ak P A O B S AR T A 4 s LB A i 1 587 C L B TE 5 DURKk AL 1T X S8 B i I
. PLEET &8 YA A HE 4 S 1k 1 38 5
5) 4 F AL W B B BRGA Ji s I 4N =X (23) ~ (24) R
MnO + C=Mn+ CO,
A G =280 824 —166.19T J/mol, (23)
RN RIS IR F ik 1417 C, H MnO 55 SiO, 54 dH BER 5. 5005 A 9 28 B0 B2 AR T B2
Jo i 1) A TR B
7/10 MnO + C=1/10 Mn,C, + 7/10CO,
AG'=176 912 —109.56T J/mol, (24)
PN BS IR JFHR B O 1342 C . FEAM A ST - & Jm R 2 4 A B, 7 AR 0 i Bk T [
MnO, fi¢ i H3R I 5 Bk 52 A b . A BRIk VR SR 1 180 I 308 D« R 9 4 K L 45 AR 3 D i
H R R A 1) i 2 S 36 19 B g e B IXC[] Ry 1 250~1 400 C,
22 SRRERAEBNYHEIN
M 2 256 3R 1 Fral AL, IR B A I & R WA A £ 2t & Fe Cr. V. Ti.Mn %94 J& &b P 41
. Bk EBAAET IRERE Fe, Oy ERKREZT . 10 Cr V. Mn W51 LIE &AM S Fe B KR A HHAFTE
23 FREEMNEFRERMNEZ M
& 3 B S N [ T 34 T ) 4 T R v T A0 I T A A, B R T T R R L LB LR LR
JEJE ST IR I, LA IR B R WO I R A SR AR BB R R . B Bk S A R R A JE A Y
FEN Ay WA I S W 0 AR S5 A BT 25 A SC R BRI JE AR T A S SR IR A5 R A T an ] 3
Mo B34 1250 CHEARE WM AEEG. Hh2aails ARMEREISNEEHE. S, £
NGB IRG 4 M TR EE AR, AR FEAN L1 250 CHE, FE R AR E Fe, Cr i 5 R
7 H AR B 6 R RSO I B T8 . TiuMn, V) 2258 574 0F 1 A B4 L b SRR 9 AR I i
B4 Fim R 1300 CA/F T =Y M oW IE 50 . 254 W AH 43 A BT 0 38 SR 77 490 p 4 ol 9 AR AL B8 A R
WM. A KA NERES B IR G 4 LR B AR, B 4k Na, Mg, Al {1 R £5 284 5. 38 J5 7= 49 (1) 185 A
St C ib 24 TR A MR A 43 A A 2k 4% 4 T A TR LI S ALER Ak B . D Ak D 43 A 8 s A AR 0 53 —Fh
A A AT R S KT CaTiO;, I T AR R4 R &, T B w %, EEAE T B
BR BRI I AR AR B R — 2P IR 5 A5 B T SO 2 4 B RV A S8 AT A LS TR R AR R L, HLEK IR )5
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Fig.2 SEM image and XRD pattern of vanadium tailings
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Table 3 Metal phase composition of reduction product at different temperature (mass fraction/ % )

t/C Fe Cr \% Mn Ti C
1250 76.9 2.9 — — — 20.2
1 300 79.0 6.0 1.0 — — 14.0
1 350 77.4 10.2 1.7 7.2 — 3.5
1 400 75.3 6.7 2.0 8.4 1.5 6.7
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SRR AES B AE AR T ARSI . A R 0AR Y B B TP A AR R B R B R E R S
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Fig.3 SEM image and EDS pattern of reduction
product at 1 250 C
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Fig.4 SEM image and EDS pattern of reduction
product at 1 300 C
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Fig.5 SEM image and EDS pattern of reduction product at 1 350 C
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Fig.6 Surface scan images of reduction products at 1 400 ‘C
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PLERIRAL Y A0 5 4 @ A 5 KR AN SR AL W0 15 21 R B2 38 TR L 76 1 AH A7 A CaTiO, 8 191 i ¥4 1L N 7R 804 A
1 TiC.
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