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Comparison of the reducing activity of coke powder and semi-coke and
its application in the carbonization process of Ti-bearing
blast furnace slag
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Abstract: In the process of titanium extraction from Ti-bearing blast furnace slag by “high temperature
carbonization and low temperature chlorination” , high temperature carbonization is very critical and
important. The carbonaceous reducing agent used in the high temperature carbonization process dir-
ectly affects the cost of the process and the carbonization rate of titanium dioxide in the blast furnace
slag, so the selection of more high-quality and low-cost carbonaceous reducing agent is one of the im-
portant means to improve the quality and reduce the cost of high temperature carbonization process. In
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this study, semi-coke and coke powder with different particle size ranges were obtained by grinding and
sieving as raw materials. By XRD, TGA, BET and other analytical methods, the difference of the redu-
cing activity between semi-coke and coke powder was studied. The particle size of semi-coke corres-
ponding to coke powder with the same reduction reaction activity was proposed, and the industrial ap-
plication test was carried out. The results show that the graphitization degree of semi-coke is much
lower than that of coke powder. In the range of conversion rate of 0.3~0.8, the average activation en-
ergy of semi-coke is lower than that of coke powder. When the particle size is more than 0.150 mm, the
specific surface area of semi-coke is greater than that of coke powder, contributing to its higher reactiv-
ity than that of coke powder. Based on these, it is proposed that the particle size of semi-coke should be
collaboratively controlled in the range of 1~2 mm and 0.150~1 mm. The industrial test results reveal
that the power consumption per ton of slag and carbonization rate are the same as those of coke powder
with particle size distribution currently used, when this above range-controlled semi-coke is applied to
the high temperature carbonization process of Ti-bearing blast furnace slag.

Key words: Ti-bearing blast furnace slag, semi-coke, coke powder, high temperature carbonization, re-

duction activation
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Table 1 Typical chemical composition of high-titanium blast furnace slag %
TiO, ALO; MgO CaO Si0, TFe V,0;
20.90 ~ 23.64 12.60 ~ 14.69 6.98 ~ 7.85 27.31~29.23 2420 ~25.12 1.70 ~ 2.88 0.26 ~ 0.28
®2 HERHEIEMIZRIEZHS
Table 2 The main components of coke powder and semi-coke
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FE S A TR - N
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Fig. 1 XRD detection pattern of coke powder and semi-coke
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Table 3 Graphitization degree of coke powder and semi-coke

FEm AR 20/(°) dyp,/nm g
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Fig. 2 Kinetic curves of semi-coke and coke powder in CO, atmosphere
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Table 4 Kinetic calculation results of semi-coke in CO,

atmosphere
. . IGLEEE, o N
iea BIEE IED fdffj;,r)/ SHIHTA AL FRR
03  —20.710 2815 172.1829 188341450 09195
04  —19.120 0.883 1589637 25.185660 0.9445
0.5 -17.618 —0.780 1464761 4397609 09545
0.6  —17.151 —1.478 1425934  2.129945  0.9692
0.7  -16.664 —2.146 138.5445  1.061084 09745
08  -16318 -2.691 135.6679  0.602847  0.9799
T 149.07
F*S5 EHMICO, RIEREMzh HERELER
Table 5 Kinetic solution results of coke powder in CO,
atmosphere
M oy
WAb%a  BIE D ﬁfjf{ SENTTA HIERBR
0.3 -10.134 —8.063  84.2541 0.001738 09195
0.4 —-20.335 —0.801 169.0652 4.972801  0.9442
0.5 34393  9.025 2859434 15568545 09545
0.6 —55.791 23.809 463.8464 6.65x10" 009598
0.7 —91.952 48.591  764.4889 6.35x107  0.963 3
0.8  —162.740 96.828 1353.0204 9.99x10® 09729
£ 520.10
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Fig.3 Activation energy of semi-coke and coke powder at
different conversion ratio
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Fig.4 BET surface area plots of semi-coke and coke powder
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Table 6 BET surface area calculation results of semi-coke

A XA

jmm EEE b R RO,/ (em™ g ) HER A Syer/(m” g ) HIEHRER
=2.000 0.501 750 —0.003 670 2.007 7 8.744 0 0.998 6
1~2 0.503 270 —0.006 758 2.0141 8.771 6 0.997 8
0.150 ~ 1 0.410 177 —0.001 802 2.448 7 10.664 7 0.999 1
0.075 ~0.150 0.379 030 —0.003 601 2.663 6 11.600 6 0.998 6
<0.075 0.252 099 —0.001 549 39912 17.382 5 0.998 9
x7 EHH BET REMKRMBER
Table 7 BET surface area calculation results of coke powder
RiAE X (8] 2] 32 . = 2N = 3, -1 VA 2. -1 S22
i Bk b BRI RO, /(em™ g ™) MR IR S/ (m* g ™) HCFRHR
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0.150~1 0.510 554 —0.007 256 1.986 9 8.6533 0.997 4
0.075 ~ 0.150 0.308 090 —0.003 710 3.2854 14.308 4 0.998 2
<0.075 0.217 021 —0.002 348 4.658 2 20.287 6 0.998 2
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Table 8 Weight loss and maximum weight loss rate of
coke powder and semi-coke

i 22
HELC R RE AR KT
il /mm %/ L %0 R IR HLIR
REE% RN(%s™) RELHS% L/(%s™) MA%-s™)
=2 44.68  0.039  46.27 0.041
1~2 4880  0.036 6643  0.051 0.027
0.150~1 5763  0.044 8931 0.100 0.018
0.075~0.150 74.83  0.064  87.63  0.080 0.044
<0.075 7911 0.076 8432  0.066 0.039
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T, S — AR S AEZE M 850 ~ 950 °C, 5 — Mk
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Table 9 Application of semi-coke and coke powder in high
temperature carbonization of Ti-bearing high
furnace slag

s HLFE/(kWhet ) AL /%

% . o DB g e WHETH

LI S S
1 84582 886.69 814.75  87.12 85.82 87.39
2 826.81 904.77 85249  86.30 85.69 86.23
3 860.55 87445 843.06 86.54 85.13 87.66
4 869.25 855.05 84570  87.35 84.82 86.47
5 83428 83647  840.28  87.64 85.78 88.04
6 84220 837.67 832.87 86.92 8596 87.92
7 850.25 861.88  840.44  88.10 86.13 87.88
8 832.87 874.12 84220  87.67 85.74 87.67

o

83538 84034 83492 8638 86.25 87.89
10  836.53 861.56 83525 86.60 86.86 86.71
11 84190 864.89 821.53 8742 86.14 87.21
12 82890 857.01 83538  88.13 85.98 86.62
13 848.62 85429 83428 8742 84.77 86.89
14 81444 87192 865.65 87.63 86.92 87.40
15  847.88 91849 85263 86.88 85.84 87.09
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