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Study on phase and chemical composition of V-Ti sinter
during softening, melting and dripping process
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Abstract: The charging mode of vanadium-bearing titanomagnetite concentrate is an important matter
for optimizing the burden structure of blast furnace in Pangang, which also has an important influence
on the migration of V and Ti in the process of softening and melting process and the formation of
Ti(C,N). At present, vanadium-titanium sinter is the main burden of blast furnace in Pangang, and about
half of vanadium-bearing titanomagnetite concentrate enters the blast furnace through sinter. Therefore,
the change of phase and chemical composition of vanadium-titanium sinter in the process of softening
and melting process was studied. In the softening and dripping process of sinter, Ti, V, Si, Mg, and Al
gradually migrate from the phases of titanohematite, titanomagnetite, calcium ferrite to the slag phase,
and the slag absorbs the sulfur and ash of coke. The mass fraction of Ti, Si, S and C in hot metal has
reached or even exceeded that of normal production. Although the mass fraction of V is much lower
than that in normal production, the yield in metallic iron is much higher than that of Ti, Si and S. The
main phase of slag after cooling is melilite, followed by perovskite and pyroxene. Ti and V mainly exist
in perovskite, followed by melilite and pyroxene. In the process of softening, little titanium carbonitride
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is produced. However, in the process of melting, the content of titanium carbonitride in slag increases

significantly.

Key words: vanadium-titanium sinter, softening and smelting process, dripping process, phase compos-

ition, chemical composition
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Table 1 Chemical composition of vanadium-titanium sinter

1853 1%
R
TFe FeO CaO SiO, MgO AlLO; TiO, V,05 S ¢
50.77 7.99 10.97 5.58 2.72 3.00 5.59 0.388 0.025 1.97
xR2 ERMUERS
Table 2 Chemical compositions of coke %
Ay
Fou M, S Vaat
K,O Na,O CaO Sio, MgO AlLO, Fe,O, Gt
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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Fig.1 Schematic diagram of experimental apparatus for
iron ore softening-melting property
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Fig.2 Different samples of vanadium-titanium sinter
after softening-melting property testing
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Table 3 Weight of slag and metallic iron after sinter remelting g
EST 2ol ESTHS 2 S V&I RN &t
41.0 70.0 13.1 25.8 149.9
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Table 4 Chemical compositions of different slags

) 2=y 1%
KA AR - ) )
TFe FeO CaO Sio, MgO ALO, TiO, V,0; S TiC TiN
PRz 6.00 225 38.47 22.42 5.14 10.14 14.64 0.695 0.18 <0.1 <0.1
BB AT 4.25 3.09 29.72 15.83 8.56 8.14 1531 0.701 0.14 <0.1 <0.1
AT 14.00 3.92 37.34 21.23 7.74 10.41 16.56 0.720 0.16 <0.1 <0.1
BRI 11.75 3.41 30.52 21.23 791 8.79 13.45 0.232 0.53 1.13 0.34
EIRTHIEE 19.88 2.08 29.95 18.68 7.7 8.25 12.77 0.145 0.41 <0.1 0.247
=5 FEEEEMNHIENRESH
Table S Relative content of main slagging components in different slags
, AHXT B 5500 %
FES AR . . R,
CaO Sio, MgO ALO, TiO, V,0s S
Rz i 41.96 24.45 5.61 11.06 15.97 0.76 0.20 1.72
L ¢ STHL 37.91 20.19 10.92 10.38 19.53 0.89 0.18 1.88
BT 39.66 22.55 8.22 11.06 17.59 0.76 0.17 1.76
G ST 36.92 25.68 9.57 10.63 16.27 0.28 0.64 1.44
T VR 38.41 23.96 9.96 10.58 16.38 0.19 0.53 1.60
JeZE i AH 38.80 19.74 9.62 10.61 19.77 1.37 0.09 1.97
*F6 TREEBHMLERD
Table 6 Chemical compositions of different metallic irons
) 2=y 1%
FER AR
c S \% Ti Si
L7 ¢ F SN 4.83 0.055 0.102 0.114 0.135
BORTE R 3.40 0.080 0.029 0.207 0.193
T AT 453 0.125 0.076 0.259 1.100
IR R 476 0.088 0.080 0.070 0.431
HE PR 4.42 0.087 0.333
22 YIS FOT R A TEREET I R, A8 Rk Bz i
22,1 Wiz KA 71.93%., F55k8 53] 22.92%, A& TiC,

ORI AR B T E A W32 7, e TIN A Ti(C,N) AR i, KEB4 Ti Al Vv IRAE T 454k
PRI LB 2= WA 3. fER 7 ATAL W, Ca, Si. Mg, Al M F B/ TR A,
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Table 7 Phase and element distribution of flooding slag on graphite pusher during softening

ZE 1%
79 /%

LRt e Fe 0 Ti % Si Ca Mg Al
WA 68.54 3.71 74.00 23.39 39.00 90.19 72.93 84.19 88.65
ARERET 21.84 221 21.40 73.70 56.03 434 23.16 5.86 7.15
&Im ek 471 81.52 0.09 0.28 1.55 0.24 0.17 0.59 0.32

el 1.21 0.04 1.33 1.01 0.10 1.30 0.91 3.45 1.72
b7y ) 0.80 0.23 091 0.20 0.54 1.12 0.63 2.58 0.38
RIS 1.15 8.70 0.62 0.94 1.33 0.67 0.59 1.54 0.64
LI 0.04 0.00 0.05 0.01 0.05 0.07 0.01 0.11 0.06

HE 1.71 3.61 1.60 0.47 1.42 2.07 1.58 1.69 1.08

B w/%

JLFE -

1 F5ERT- 2 WA

(6] 22.74 26.89
Mg 5.64
Al 2.07 11.41
Si 1.57 19.87
Ca 33.89 33.53
Ti 37.10 2.67

a2V R 40 um | Vv 2.62
3 REEHWIERZIER SEM B A
Fig. 3 SEM photo of flooding slag on graphite pusher during softening
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FEEYIAH, FE AT TR AR . A5ERET WRIZIEAH L, R R ER, B AR T T R AL BR
HRY Ti AV SR KA R, TSN ALE BRI SR AR, B A W R, O H AR

7 DU B R AL R RALER R A ALK AE . Ti A1V EZRAT T45
222 BIBAKEE R B, KER> Ca. Si. Mg, Al RTE T KA ¥

BOEARTHEE AT R AL 8, AR . AR i TR KA, R K
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Table 8 Phase and element distribution of residual slag in graphite crucible during softening

. k2R3 %

TR W% Fe ) N Ti % Si Ca Mg Al
HARA 35.73 0.26 47.26 0 7.40 13.83 69.45 51.82 35.88 56.82
FHERH” 22.76 0.49 27.03 0 84.13 58.82 391 31.48 3.68 8.61
&Imk 22.15 93.21 0.50 0 1.10 7.28 1.24 0.82 1.89 1.59

jiva) 7.03 0.07 9.91 0 2.89 4.78 9.66 7.22 16.04 16.93
BWEA 6.03 0.19 8.36 0 1.45 4.89 12.01 6.46 17.50 2.60
BERRAR A 1.90 0.05 2.90 0 0.99 447 0.55 0.38 6.21 11.28
MgO 1.26 0.03 1.76 0 0.14 2.68 0.04 0.07 14.57 0
ERTRES 2.09 4.67 1.14 0 1.46 2.00 1.41 1.19 1.85 1.28
I 0.03 0 0.05 0 0.01 0.03 0.09 0.01 0.05 0.07
IERIRN 0.01 0 0.01 0 0.03 0.02 0 0 0 0
A ALER 0 0 0 100.00 0.05 0.01 0 0 0 0
He 1.00 1.03 1.09 0 0.37 1.20 1.64 0.55 2.33 0.82

*VE: BREALERN0.005 225%, B E ALY FH0.006 066%
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1. AR 28K A 3 MEA
(6] 23.44 27.08 26.13
Mg 4.81 11.31
Al 2.75 13.69 7.66
Si 1.92 18.80 17.87
Ca 3545 33.44 34.42
Ti 36.44 1.38 1.51
\% 0.81 1.11

4 IREWHIEREIER SEM B K EDS 54
Fig. 4 SEM image and EDS analysis of the sinter softening-melting undripped slag
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Table 9 Phase and element distribution of dripping slag during softening

2= RS 1%

VAR wie Fe (0] N Ti A% Si Ca Mg Al
KA 57.84 8.98 59.91 0 41.28 62.71 71.22 63.54 53.06 61.51
PHERH” 16.33 2.12 15.87 0 45.05 32.97 3.45 18.32 3.22 5.47
LBk 3.50 79.48 0.04 0 0.10 0.34 0.11 0.08 0.18 0.15

WA 20.94 0.01 23.04 0 12.93 2.88 23.96 17.24 41.61 31.88
B 0.28 0.06 0.35 0 0.08 0.16 0.40 0.24 0.57 0.21
B A 0.01 0 0.01 0 0 0.01 0 0 0.02 0.04
RIS 0.57 537 0.32 0 0.39 0.56 0.36 0.32 0.55 0.35
WA LR 0.454% 0 0 100.00 0 0 0 0 0 0
He 0.54 3.98 0.46 0 0.17 0.38 0.51 0.27 0.79 0.41
*: WA EEL 40.000 454%
w/%
JLHE
1 F5EkH™ 2w RKA

0 2236 28.86

Mg 10.73

Al 1.58 14.30

Si 1.23 18.16

Ca 33.72 22.73

Ti 38.79 424

\Y% 2.32 0.99

5 EREEHHUETETEIER) SEM BB K EDS 54
Fig. 5 SEM image and EDS analysis of the sinter softening-melting dripped slag
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Table 10 Phase and element distribution of residual slag in graphite crucible during remelting

2E G 1%
R} wi%
Fe (0] N Ti A% Si Ca Mg Al
KA 53.16 1.78 59.29 0.00 17.99 29.30 72.54 64.68 50.79 69.71
FHERE™ 16.92 0.57 17.38 0.00 65.59 47.47 1.91 19.99 2.54 5.18
E LS 9.61 90.43 0.31 0.00 1.02 3.58 0.83 0.63 1.39 1.16
WA 5.32 0.24 6.15 0.00 5.37 2.50 5.73 3.87 11.27 9.26
B 8.87 0.44 10.51 0.00 2.06 6.96 12.93 8.31 23.37 2.96
BN 2.48 5.66 2.24 0.00 0.84 2.80 291 1.72 3.20 2.57
BERRRL A 1.61 0.14 2.05 0.00 1.51 3.62 0.20 0.20 5.31 7.64
U ZRIK7 0.31 0.01 0.01 100.00 2.43 0.43 0.05 0.05 0.06 0.00
UEZRIA7 0.39 0.00 0.34 0.00 1.97 1.34 0.21 0.19 0.34 0.27
HE 1.32 0.74 1.72 0.00 1.22 2.01 2.69 0.36 1.74 1.25
B W/%
TR T e 2 fkA 3 AT
23.85 26.76 8.13
N 6.05
Mg 7.34 1.91
Al 8.97
Si 2227
Ca 34.59 34.67 3.98
Ti 40.18 75.30
Y% 1.37 2.35
6 [RLEE EIAETEER SEM B K EDS 45T
Fig. 6 SEM image and EDS analysis of the sinter remelting dripped slag
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Fig.7 Yield of V, Ti, Si and S in metallic iron
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Table 11 Main phase composition of different slags %
[Z TS KA R WA HE
BRIz i 71.93 22.92 2.11 3.04
BB AG 7 i 45.90 29.24 16.78 8.08
e R R 59.93 16.92 21.99 1.16
Gy s SRl 58.82 18.72 18.44 4.02

2% 4 7] UL, FERRORS T RE I A 45 R LA, i
1 FeO A4 5T 1t 43400 35 AR, WUAHZE A 43 B 46 21
W F B s v 2 R BT L BRER A A BRI
PRSP AR, 5ER A (1 Bt B I LR SR 58
G50 (2 6% ~ 8%) 2 o 3X 2 PR A 7R e PR BRI
WIGZE G, Bedhn i A L R 7 C ik R
R4 @Ak, WA FRRAAL Y R W TiL V. Mg, AL %S
JCRC LM T Fe RARAITHE A, 150
AR AT FNAAE ZE BT S AN ] TR 450

W A7 A F 7R Ca(Mg,Fe,AD[(S1,A1),0], K
A 7] IR M Cay(Mg,AD[(S1,A1),0,]%, #£7 CaO Ji
HAOBAN TEKAWNIER. 5I1E® A4
(W3 12) FH L, BREsH 1R800 A Ta o R i

#% CaO, MgO. AL, Jfi fa /KR — i,
AR HE BB G e B K A AN SN . 53— 5T,
PEEIRE | TiO, i /- 8 A T A5 Ek0 (1T B
et I LN T BN BBk i SRR 7 4,
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BT 1 AR AR v e far S VR
Tz Y, FE A R ookl e R A R4 Ti A
Mg 58 E 45 G A TE A GE B YA, R
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Table 12 Chemical composition of blast furnace slag during production %
CaO Si0, MgO ALO; TiO, V,05 S R,
27.03 24.72 8.11 13.09 21.85 0.24 0.50 1.09
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