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Change of phase composition and valuable elements in V-Ti pellet
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Abstract: The change of phase composition and valuable elements in the process of softening-melting
and dripping of acidic V-Ti pellet of Pangang were quantitatively studied by simulating the smelting at-
mosphere in blast furnace. The results show that Ti and V gradually migrated from titanohematite and
ilmenite to slag phase during the softening-melting and dripping process of V-Ti pellet. TiO, could not
only be reduced to Ti into metal iron, but also generate a large amount of titanium carbonitride. In the
dripping test, the yield of V in metallic iron was 36.03%, which was much higher than 3.13% of Ti and
17.20% of Si. The absorbing S from coke by slag and metallic iron and the desulfurization reaction
between them were carried out simultaneously, and the ratio of S in metallic iron decreased from
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72.84% after softening-melting test to 50% after dripping test. Pyroxene and anosovite were more than
80% in the flooding slag of softening-melting test, and more than 70% of V and Ti in this slag were dis-
tributed in anosovite. While in residual slag of softening-melting test, pyroxene decreased obviously,

olivine and spinel increased obviously, and V and Ti increased obviously in spinel. During the dripping
test, TiO, was gradually reduced until the sum of TiC and TiN mass fraction exceeded 20%, so the slag
was gradually transformed from high titanium-type slag with TiO, mass fraction over 30% to low titani-

um-type slag with TiO, mass fraction less than 10%, and anosovie and its V and Ti in the residual slag
were significantly reduced, while olivine and its distribution of V and Ti were increased.
Key words: blast furnace, V-Ti pellet, softening-smelting and dripping, phase composition, valuable

element, titanium carbonitride
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Table 1 Main chemical composition of V-Ti pellet %

TFe FeO CaO SiO, MgO ALO; TiO, V,0s S
5338 3.63 0.64 565 359 396 9.76 0.683 0.008

Table 2 Chemical composition of coke %
F M S \% Ad
o ’ ‘ . K,0 Na,0 Ca0 Sio, MgO ALO, Fe,0, At
85.88 0.23 0.63 1.09 0.08 0.10 0.49 7.24 0.13 3.73 1.03 12.80
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Table3 Mass of slag and metallic iron of pellet after
softening-melting test and dripping test g

B Wz AWEYE WA WK SR AR SR A
B 929 403 166.3 103.5  403.1
AR o 46.1 6.0 75.9 228 1508
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(D
X (D), RN FTT R A& 8 b B 2, %;
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Table 4 Chemical compositions of slags after softening-melting and dripping test %

FEf A4 R TFe MFe  FeO  CaO Sio, MgO  ALO,  TiO,  V,0s S TiC TiN

BRIz 8.90 4.00 630 234 21.2 9.54 1207 3050 226  0.063 <0.1 0.155

L3¢SR e ST M 1630 1240 502 118 19.84 9.67 10.94 2589 192 0073  0.178 <0.1

Bl At 11.14 6.54 5.91 199  20.79 9.58 1173 29.11 2.16 0.07

THERI AR 4575 4500 096 153 15.80 7.32 8.31 2.30 132 0120  11.24 0.73

RIS VR 1256 1150 136 2779 3214 1127 1530 1955  0.68  0.090 0.26 <0.1
A tatyay 4193 4114  1.01 168  17.68 7.77 9.11 429 125 0.12 9.98
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Table 5 Relative mass fraction of slagging components of different slags without MFe %
FEf 2 TR FeO Ca0O Sio, MgO AlLO, TiO, V,04 S TiC TiN
Lo vasm Wiivali AP 6.56 2.44 22.08 9.94 12.57 31.77 2.35 0.07 <0.1 0.16
BRI AT i 5.73 1.35 22.65 11.04 12.49 29.56 2.19 0.08 0.203 <0.1
T T A v 1.75 2.78 28.73 13.31 15.11 4.18 2.40 0.22 20.44 133
THYER IR R i 1.54 3.15 36.32 12.73 17.29 22.10 0.77 0.10 0.29 <0.1

AT 42 RPN FeO, BRI A 71U b s H:
2L 13 R RH NS T B L3R 6, 28 Hh A0 AR s 1K
ol p)S T HEDVARSESR 3 R B R TR A
A2 RO, S R it A L, TR P i

H1 Ca0. SiO,. MgO. ALO; Fl S Y i 73 % 184 i,
1M TiO, Fll V,04 Y 51 & 43 AR AR, TiC 1 TiN Y 5T
HOTEUR E TR, FeR AT TR T TiC F TiN 9
J U A 20.80% 1 1.35%
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Table 6 Relative mass fraction of slagging components of different slags without MFe and FeO %

R AR Ca0 Sio, MgO ALO, TiO, V,0; S TiC TiN

Lo va3m Wivali AP LY 261 23.63 10.64 13.46 34.00 2.52 0.07 0.11 0.17
BRI R A 1 1.43 24.03 11.71 13.25 31.67 2.33 0.09 0.22 0.12
oAyt &1t 227 23.75 10.94 13.40 33.65 2.46 0.08 0.14 0.16
TV IR A i 2.83 29.24 13.55 15.38 7.74 2.44 0.22 20.80 1.35
TR v i 3.20 36.88 12.93 17.56 22.74 0.78 0.10 0.30 0.11
TR R A 2.90 30.56 13.44 15.76 10.35 2.15 0.20 17.24 1.14
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(6] Si Ca Mg Al Ti V. Na Fe

1 BROREET 22.59 258 7.18 1.33 66.31

2 BT 2644 3.38 36.80 33.38

3 AHEHE 3533 32,57 1038 17.86 3.86

4 BEMINIA 30.97 23.88 28.06 17.09
1 BkF#H SEM HBH XK EDS #4f

Fig.1 SEM photo and EDS analysis of V-Ti pellet
W%
di's YIAHAAFR
Mg Al Si Ca Ti V. Na Mn Fe

1 &Rk 2.02 0.76 97.23
2 BEAT 2725 8.09 13.64 25.61 6.02 3.64 1.41 320 11.14
3 MULAH 2645 778 538 1.87 48.78 1.62 8.12

& 2
Fig.2 SEM photo and EDS analysis of softening-melting flooding slag of V-Ti pellet
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B3 PEReRiEE SEM BA XK EDS 5347
Fig.3 SEM photo and EDS analysis residual slag after softening-melting test of V-Ti pellet
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4 HWERWATEE SEM BH R EDS 5347
Fig. 4 SEM photo and EDS analysis of residual slag after dripping test of V-Ti pellet
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Table 7 Chemical compositions of metallic iron after

softening-melting and dripping test %
FEAL A TR C S v Ti Si

A ATEE 529 0088  0.112 0170  0.133

PIEIAEYE R 531 0.087  0.104  0.087  0.066

WA ATEE 472 0100 0242 0.528 1.77

EIFAGHEELY 513 0050 0.130  0.130 0240
A PR 442  0.087 0333
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Fig.5 Yield of V, Ti, and Si in metallic iron
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TiO, AT LR R, H4J ek Ti B RITA
B MREALT 1500 C B, #E A& Bk Si 58k
M SiO, 5 C W B FRM . {H Si0, BRI
RN IR AT T R PN, B e A i R T it
ifEsRg ., Wik, BRSSPI Sifl5 Fe L)
FeSi ZJE 20 B i -5 %358 5% ~ 70%, {H
TEARE A N & JRh Si IS Bk L Ti &
HIE(T v,

% 1.3 .4 FIER 7 7 HE A5 B BR A0 7E 0%
FNR VR R 0 2k Y S Y BT AR A R S Y
BUFE, W 9, AT 500 g BRI R HA 0.040 g
() S, FEFRSR K R kb S BT EIINE 0.324 ¢,
IR IR I Ak TR 3155 ke, R S S
0.122 g, WY FE A 1T RAE 500 g UK, V%
RIS 5 W S KN 2 0.429 g, AHELTFH0A IR
YGHHE N 0.105 g0 FHIE AT, B I T 2 Y
S, TERR I FI T R G0 s v 0 4 SR kR S B,
T T 0 o T A ) P IR S I — 28 K R, 4
b S LB 72.84% FEAIRZE 50%.

NI 4 T Al A B AR T DL Y 7
BRI RS V., Ti BB S e R, O
TR Bl b, RIS HR R A Bk . e
HARIE B T VR Ti R AR 038 R B, i
BEEEGAPm v B, Ti W) E 208 ik &2k
BRo R S RWTHE S SR AR AL B W, LRI VR
TR 4 8 Bt — 25 s 1 S B

(Ti0,)2C=[Ti]+2CO AG’ =674 540-387.82T  (2)

(Si0,)+2C =[Si]4+2CO AG!, =449 200-402.92T (3)

(VO)+C=[V]+CO AG),,=263270-204.45T  (4)

300
— AGhw
200 b AGY.s
- - - AGhy
~ 100}
E
g 0
S —100f
-200
7300 1 1 1 1
1273 1373 1473 1573 1673 1773

TREE/K
Bl 6 TiO, Si0,. VO EFERMHAG?,
Fig. 6 AG® of direct reduction reactions of TiO,, SiO,,
and VO

®8 TiMHEEERRHEERRE 1) WEMITEHEE

Table 8 Interaction coefficient and activity of Ti and AG
of reaction (1)

WREK e e e eq ari AG/(kJ-mol )
1273 -044 -0.12 0.074 0.071 0.0035 —85.05
1373 —-041 -0.11 0.068 0.066 0.0038 -90.92
1473  -038 -0.10 0.064 0.061 0.004 1 —96.79
1573 -0.36 -0.10 0.060 0.058 0.0043 —102.66
1673 -0.34 -0.09 0.056 0.054 0.0045 —108.53
1773 -0.32 -0.08 0.053 0.051 0.0047 -114.40
1873 -0.3 -0.08 0.05 0.0483 0.0049 —120.27

®9 HEMEEARP SHRE
Table 9 Mass of S during softening-melting and dripping
test g
JEORH BT SJF .
WrBt — — it
i SRk yuksS  &JREks
ol 1332 269.8 0.088 0.236 0.324
G 52.1 98.7 0.061 0.061 0.122
BRAH 500 0.040

22 YIRS AIGE S i

BRI T FNATA VR 1 A SO v e AT
B YA TR /3 DL 10, B 10 DL
B2 ~ 4 0] W, prfsrhIeAm B AN S R ek, i
ik A E LR A LR 2, Je e SRR £ |
ik V1 56 A T v T e U SRR R AR R A3 Ry
3.75% 1 0.50%, Je2 14 JEkIRF] 56.58%

H 2% 10 e ARl id v SRR L WA 45 TP
FEYAR LI H A VORI Ti @95 A . AT, 7E
AT RR AT, AR b i AL R L K
VA Ti W5 A 22 B B o e 8 iz i VA
SRR IS 80%, i HFlBAL 70% B V 1 Ti 434
FREA T, 52 A, BOEEAREEE A
B I 980, ORSA RN2 B SR 3 I, 2 A T
VR Ti B BRGNS AT 75 i R kA
S, MO G, AH R A TR RV
A Ti B> WA R VR TR, T,
FERRTEER AT B i R v, Bl 2R A A 138 R,
PR VORI Ti R ERAE TR, X 5 Hu™
M Tang™ R IR—8, W E—E KR,
BRI, B i B AR S P AH, TV RS =
LR,
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Table 10 Phase and element distribution of different slag
Wik R R PR AT TR TR RIS AT VR
w Fe \% Ti w Fe \% Ti w Fe \% Ti
LBk 9.63 529 2.67 1.07 30.18 80.91 10.08 5.84 56.58  90.14  31.18 6
Pl 30.51 6.3 71.11 75.39 22.13 2.15 4129  63.22 1.92 0.28 10.19 9.19
M 4744  33.59 19.53 19.15 15.07 5.27 10.54 12.5 17.11 3.54 2444 3781
R 0.65 0.87 0.73 0.17 5.48 15 3.23 1.29 6.64 0.9 5.94 9.2
i3 921 2.03 0.06 2.06 9.06 0.96 0.26 2.54 1.57 0.08 0.47 0.91
R 1.18 0.84 3.36 0.98 13.71 4.57 28.27 10.92 6.69 0.37 7.86 7.02
AR 0.1 0.01 0.19 0.25 0.41 0.02 0.41 1.07 3.75 0.12 6.88 18.56
Ak 0.03 0 0.14 0.09 0.02 0 0.07 0.06 0.52 0.02 3.48 4.06
Ak 0.11 0.4 0.06 0.06 0.28 0.55 0.13 0.17 1.22 1.23 1.68 0.79
AR 1.1 3.02 2.13 0.79 278 3.96 4.56 2.29 3.42 2.92 7.42 5.53
gie 0.01 0 0.03 0 0.56 0.08 1.15 0.08 0.08 0.01 0.26 0.02
HE 0.04 0.03 0.01 0.01 0.33 0.02 0.02 0.02 0.51 0.41 0.21 0.9

A2 53R M BRI 20 R e s
FHLARLLL K VL Ti A i EEE R 3R . kA h
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FEMRAF T X LA . ORI AT & 1 fh
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DLSSURE R SR AR o A T it vh sl B AR A R SR T
(I 4), TiO, By EUR E R (% 5. 6), 1T SiO,.
MgO F1 ALO, B i i 43 50Tt 5, 47 th LA Tio, #l
Si0, k[ kB ER M i AR A DL Si0, S E
(S 7 ity AN M PN N AR A i ST O R (ESE N
PR AR A SRR s D, WA G

B2 5 TiC A TiN #7148 TiO, J&, Al 1543
BORIRIIZ 1 L TR TEIE | TR VR A T v A U
IR JFCR TiC A1 TINGE & 93 800 F 0.1% B 4%
0.1% 7% &) 1 TiO, 41wl i & AH rh 4= &8 Tio, 1Y
1.06%. 1.33%. 87.39% 1 2.28%., 1] W, 75 k15 —
TE AT, RS AR G O B ]34 T, Tio, %t
SAWIHA I BRI, S TiOo, i Ji ARG
t TiC A1 TiN A9 52 5 7388, 76 AH [R) SR B2 T, Bz

S5 3k

SRS B AR ) . X T i R I
W A A B T Y P BE LA B A i A g
L AR 45 BRI TR], B R IS i 2k

3 i

1) FEBUVERBR A (0 o Fnimg Y5 b A e, s o
Si0, & fFH i | TiO, & M FEK. TiO, Br#if J5i
AL Ti EA SRR Ab, 3 n] K8 RO R A Akt
ANt VEESRG TS Ti f1 Si &, £
Wit A R BRI R R R S BRI, & JE kg S
RS2 i TR

2) BUEKBER A ok A v ad AR v, i i
FHEEZON PR MEA . MRS . BB R AR AR o
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