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Study on the behavior of unburnt pulverized coal and reduction
productions of TiO, in high-titanium blast furnace slag
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Abstract: In this study, the viscosity of high-titanium blast furnace slags uniformly mixed with unburnt
pulverized coal (UPC) was measured by using the method of rotating cylinder firstly. Then the distribu-
tion and behavior of the residual UPC and the reduction products were analyzed according to the macro
morphology of these samples and their microscopic morphology of different parts. It was found that
TiO, would inevitably be reduced by UPC, the high melting point reduction products such as Ti(C,N),
TiC,O, and unburnt UPC distributed nonuniformly in the slag. As the initial UPC content increased
from 0% to 5.51%, the total content of TiC and TiN increased from 0.456% to 2.515%. The high melt-
ing point reduction products deposited downwards and aggregated, while the unburnt UPC floated up-
wards and continued to react with TiO, to form foam slag, resulting in a significant increase in both vis-
cosity and its fluctuation. However, there were negligible residual unburnt UPC and high melting point
reduction products in the middle of the slag.
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Fig. 1 Schematic diagram of the shaft furnace
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Table1 Chemical compositions of PCI and UPC %
TRy 53K
MK Cu Vir Aq S, . .
CaO Sio, MgO AlLO, Fe,0, TiO, K,O Na,0
U/erss 80.60 9.78 11.74 0.78 1.88 49.51 0.44 38.13 3.90 1.18 0.722 1.32
AR 88.70 0.17 11.97 0.48 2.10 50.54 0.54 37.65 3.36 1.38 0.66 1.13
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Table 2 Chemical composition of on-site blast furnace slag %
CaO SiO, MgO AlLO, MnO FeO TiO, Ti,0, TiO TiC TiN
26.46 25.52 8.40 13.70 0.63 1.03 21.20 0.897 0.504 0.100 0.356
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Table 3 Adding scheme of UPC to slag

HiT IRPER/% Wit Bihtig ARERMERI U/ ARIRIER & ht/%

MO 100 170.00 0 0

Ml 90 168.04 1.96 1.15
M2 80 166.12 3.88 2.28
M3 70 164.25 5.75 3.38
M4 60 162.42 7.58 4.46
M5 50 160.63 9.37 5.51
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Fig. 2 Photos of residual UPC
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Table 4 The mass and C contents of unconsumed UPC

' /g C/%
Ml 0.87 84.40
M2 2.77 84.80
M3 4.00 85.80
M4 6.82 86.00
M5 7.50 86.90
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Fig. 3 Optical micrographs of UPC and residual UPC
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Fig. 4 Viscosities varying with temperatures of different slags
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Fig. 5 Top views of the samples after viscosity measurements
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Fig. 6 Cross-section photos of the samples after viscosity measurements

ST 53 /%
BWiE  C O Mg Al N Si Ca Ti V Fe Ni
1 2279 3439 1.59 2.19 3.42 3.52 30.74 1.36 TiC,0,
2 1815 679 135 2.08 28.8 4.75 7.55 30.54 TiC,N,0,
3 5.66 1.32 2.86 89.21 0.95 4Jd%k
4 1993 28.30 0.51 46.72 4.54 Ti (C.N)
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Fig. 7 SEM image and element contents of depositions at the bottom of sample M4
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Fig. 8 Optical micrograph of foam slag at the top, middle part and bottom of sample M4
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Table 5 Mass fractions of different titanium compounds

of slags after viscosity measurements %
G TiO, Ti,0, TiO TiC TiN
MO 21.20 0.897 0.504 0.100 0.356
M1 2143 2.570 0.955 0.905 0.681
M2 21.64 2.570 1.050 1.110 0.727
M3 21.55 2.270 1.250 1.360 0.681
M4 21.19 0.247 1.910 1.730 0.526
M5 21.24 0.648 1.880 2.190 0.325
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Table 6 The calculation results of R, R: and Ry

% O./2 Orio, /g Ro/% Ceoms8 Curc/g Re/% Tinen/g Titio, /g Roen/ %

M1 2.28 14.40 15.85 1.392 1.74 80.08 2.10 21.61 9.73

M2 2.52 14.38 17.51 1.633 3.44 47.44 2.41 21.57 11.17

M3 2.70 14.16 19.04 1.845 5.10 36.17 2.65 21.24 12.49

M4 2.76 13.77 20.05 2.008 6.72 29.86 291 20.65 14.09

M5 3.02 13.65 22.10 2.342 8.31 28.18 3.22 20.47 15.72
R7T Ro R Ry FIIUEHER BN

Table 7 The calculation results of R, R and Ry

equation a b c Adj. R
R, y=a+bx 14.28 1.38 0.988
Reex y=a+bx 8.05 1.37 0.996

Re  y=aexp(-x/b)+c 13627 123 2670  0.999
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Fig. 10 The distribution and behavior of reduction products and UPC in slags
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