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Table 1 Chemical composition of BF slag from Panzhihua

iron and steel corporation (mass fraction, %)

CaO SIOZ MgO A1203 T102

27.0 243 8.3 14.4 20.0

F2 LB REI Y
Table 2 Experimental composition of slag examples (mass

fraction, %)

No. CaO Si0, MgO ALO; TiC TiO,

1 30.38 27.62 8.00 14.00 0.00 20.00
2 31.08 2825 8.00 1400 4.00 14.67

3 31.78 2889  8.00 14.00 8.00 9.33

80

160

40

Interval percentage/%

120

Cumulative percentage/%

1071 100 1ol 107
Partical diameter/um

B 1 TiC A ARIKLE > A
Fig. 1 Grain size distribution of TiC powder
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Fig. 2 Schematic diagram of experimental apparatus of

thixotropy
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Fig. 3 Temperature—time schedule of experiments: (a) Experiment of thixotropy; (b) Experiment of electrorheological effect;

(c) Experiment of rod-climbing effect
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Fig. 4 Schematic diagram of experimental apparatus of electrorheological effect
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Table 3 Summary of viscosities of Ti-bearing slag obtained by present work, FactSage and reported in references

Material composition
Ca0-Si0,-MgO-AL,05-TiO, Apparatus

(mass fraction, %)

] ) Sample 1,
Temperature/'C ~ Viscosity/(Pa-s)
FactSage and references

30.38-27.62-8.00-14.00-20.00
30.38-27.62-8.00-14.00-20.00 -
29.30-26.70-8.00-14.00-22.00 -
29.00-29.00-8.00-14.00-20.00 -
29.60-26.90-7.50-14.00-22.00
32.11-28.89-7.00-12.00-20.00

Brookfield digital viscometer

Brookfield digital viscometer

Brookfield digital viscometer

1500 0.142 Sample 1 in present work
1500 0.221 FactSage

1500 0.140 QIu™”

1500 0.170 ZHANG?Y

1500 0.275 REN

1506 0.149 LIAO®

Rheometer——» ‘ ‘
\|Computer

g S
Alumina shaft
Heating element e Alumina tub
umina tube
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T 1 T 1
I]I]I[JI l'lIlI'JI'l
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III]II [ [ I+ Slag
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1T
0
N ‘
i el |
1|1
Theromocouple Gas inlet
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Fig. 5 Schematic diagram of experimental apparatus of

rod-climbing effect
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Fig. 6 Relationship of shear stress and shear rate of slag
sample 1, 2 and 3: (a) w(TiC)=0%; (b) w(TiC)=4%; (c)
w(TiC)=8%
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Fig. 7 Effect of direct current electric field on shear stress of slag sample 1, 2 and 3: (a) w(TiC)=0%; (b) w(TiC)=4%; (c)
w(TiC)=8%; (d) Static yield stress of slag containing 4% TiC at 1500 ‘C
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Fig. 8 Effect of shaft rotating on liquid level of molten slag samples: (a) w(TiC)=0%; (b) w(TiC)=4%; (c) w(TiC)=8%
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Expression and analysis of non-Newtonian fluid behaviors of
titanium-bearing metallurgical slag

YUE Hong-rui', JIANG Tao"?, XUE Xiang-xin"2

(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;
2. Liaoning Key Laboratory of Metallurgical Resources Recycling Science, Shenyang 110819, China)

Abstract: Slag samples were based on the on-site slag (CaO-Si0,-Al,03-MgO-TiO,) of Panzhihua Iron and Steel
Corporation. Non-Newtonian behaviors, thixotropy, electrorheological effect and rod-climbing effect were investigated
from 1500 C to 1450 °C. The result shows that the slag sample containing 8% TiC has an obvious thixotropy. While for
the slag sample without TiC, the up line of shear stress coincides with the down line which means no thixotropy is
observed. A remarkably electrorheological response is observed in slag system with 4%TiC and 8%TiC, and the shear
stress increases with increasing the electric field and decreases with decreasing the electric field. For the slag sample
without TiC, the shear stress is not altered by the electric field. Neither the slag system containing TiC or not containing
TiC shows a rod-climbing effect.

Key words: titanium-bearing slag; non-Newtonian fluid; thixotropy; electrorheological effect; rod-climbing effect
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