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Effect of cooling methods on the mineralogical composition and microstructure of low

titanium-containing blast furnace slag
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ABSTRACT The mineralogical composition microstructure and TiO, distribution rule of low titanium-containing blast furnace slags
after water cooling and air cooling were investigated by X—ay diffraction polarization microscopy and scanning electron microscopy.

The results show that main mineralogical compositions in these slags are all vitreous gehlenite perovskite and merwinite but the con—
tents of mineral components in the two kinds of slags have much larger differences. The average contents of gehlenite and perovskite in
the air-cooled slag are 62. 5% and 12. 5% which are 2. 27 and 1. 92 times as large as those in the water-cooled slag respectively.

The content of vitreous in the air-cooled slag is less than a third of that in the water-cooled slag. The mineralogical microstructure of
the water—cooled slag is pretty different from that of the air-cooled slag. Gehlenite in the water-cooled slag is dentate but in the water—
cooled slag it is feathery and needleshaped and its grain size is smaller. Perovskite forms as star points and dendritic in the water—
cooled slag and the air-cooled slag respectively. Merwinite is spindle-shaped both in the water-cooled slag and the air-cooled slag. It

could be concluded that TiO, in the water—cooled slag mainly distributes in perovskite vitreous glassy and gehlenite but TiO, in the
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air-cooled slag mainly distributes in perovskite and gehlenite and the distribution ratio of TiO, in the air-cooled slag is 8. 41% higher

than that in the water—cooled slag. Air cooling is more beneficial to increase TiO, content in perovskite

KEY WORDS blast furnace slag; cooling; mineralogy; microstructure; titanium dioxide
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Fig.1 Pictures of low titanium-containing blast furnace slags: ( a) water-cooled slag; (b) air-cooled slag
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Table 1 Chemical composition of low titanium-containing blast furnace

: 1 ( b) slags Yo

Ca0  Si0, Mg0 AlLO; TiO, V,05  TFe S
37.20 30.85 10.31 13.50 7.51 0.15 1.01 0.93
2500 m’ 48 um
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Fig.2 XRD patterns of low titanium-containing blast furnace slags: (a) water-cooled slag; (b) air-cooled slag
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Fig.3 Pictures of the microstructure of the water-cooled low titanium-containing blast furnace slag: ( a) feathery gehlenite ( transmitted light) ; ( b)

concentrated distribution merwinite ( reflected light) ; ( ¢) iron and perovskite ( reflected light) ; ( d) needle-shaped gehlenite and bubbles with impu—
rities ( reflected light) ; (‘e) needle-shaped gehlenite and bubbles with impurities ( reflected light) ; (f) limonite magnetite and hematite ( reflected
light)
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Fig.4 Pictures of the microstructure of the air-cooled low titanium-containing blast furnace slag: ( a) dentate gehlenite ( transmitted light) ; (b)
dentate gehlenite ( reflected light) ; ( ¢) hoary perovskite and brown merwinit ( reflected light) ; ( d) gehlenite perovskite and iron ( reflected light) ;
(‘e) perovskite which distributes around gehlenite ( reflected light) ; (f) bright white iron and pale yellow metal sulfides ( reflected light)
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Table 3 Typical minerals and EDS spectra of the water-cooled slag
E/EA S v figis &l IR R 5
Si JLH RS0 %
Ca 0 28.64
0
MgAl Mg 7.72
PR Al 935
Si 19.53
N Ca 30.96
Ti 3.81
JLE SRR 5 EU%
0 30.25
Mg 1.00
Al 225
kD
Si 1.07
Ca 3351
1.0 1.5 2.0 25 3.0 35 40 45 Ti 31.91
fE R /keV
Si n JCE SR80 %
0 2827
Mg 10.03
BERERS Al —
Si 22.30
Ti Ca 38.17
10 1.5 2.0 25 30 3.5 40 45
BE B /keV Ti 1.22
si JLE AR 5340 %
0 29.61
Mg 6.90
G4
wEKA Al 15.65
Si 17.99
Ca 26.05
05 1.0 15 20 25 30 35 40 45
fE & /keV Ti 3.80
3 CaO  TiO, 43.32%
. . 49.10% Si0, «MgO Al O,;
Ca0.8i0,.Al, 0, MgO.TiO, Ca0.8Si0, MgO
4. 49.40% 33.37% 15.35% TiO,
Ca0  SiO, 35.58% Al O;; Ca0.Al,0, SiO,
34.24% AL O, MgO  TiO, 29.85% 24.17%  31.35%

14.48% <10.49%  5.21%;, 20%
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MgO  TiO,. 2
Ca0.AlLO, SiO, 4.
AL O, Al O, N .
2.30 Ca0  Si0, TiO,
4.
4 TiO,
Table 4 Chemical composition of main minerals and distribution ratio of TiO, in the water—cooled slag
( ) 1% Ti0, Tio,
Ca0 Si0, MgO Al, 0, Ti0, 1% 1% 1%
35.58 34.24 10. 49 14. 48 5.21 47.5 2.47 34.0
43.32 2.12 1.53 3.93 49.10 6.5 3.19 43.85
49. 40 33.37 15.35 — 1.88 10.0 0.19 2.58
29. 85 31.35 9.35 24,17 5.18 27.5 1.42 19.57
7.28 100. 00
4 TiO, Ca0.Si0,.ALLO, MgO TiO,.
N N CaO-
43.85% .34.0%19.57%  2.58%. AL O, SiO, Al 0,
TiO, . AL O, 1.90
TiO, 97.42% Ca0  SiO,
TiO, TiO, Ca0.ALO, SiO,
7.28%. 1 TiO,
7.51%. TiO, 2
0.23% 6.
TiO, . .
2.5 TiO, 6.
6 TiO,
. 5. 52.26% «35.82% 7. 57% « 4. 00%
5 0.35%. TiO,
N N N TiO,
Ca0.Si0, + Al, 0, MgO. TiO,  Fe 88. 08% TiO, TiO,
6. 7.68%. 1 TiO,
Ca0  SiO, 40. 03% 7.51%. TiO,
37.09% Al,0, 12. 87% MgO 0.17%
TiO,; Ca0.TiO, SiO, TiO,
36.19% 32.10%  14.42%
MgO AL O,; Ca0.SiO, 2.6 Tio,
MgO 44.87% 38.32%  12.05%
TiO, ALO,; 3 5
Ca0.AL O, SiO, 28.31% .
24.35%  34.52% 20% Ca0.MgO  SiO,
MgO  TiO,; Al 0,
Fe 68. 18% AL O;;



* 665 -

®5 RN Y R RER
Table 5 Typical minerals and EDS spectra of the air-cooled slag

UE/EL I A At X RSy
0.9F Si TE RS
0 24.10
Mg 4.18
IR Al 8.80
Si 22.41
Ca 36.91
— Ti 3.60
TE R
0 2572
Mg 5.63
FHER Al 3.60
Si 8.47
Ca 3242
Ti 24.16
FREE%
30.00
% 8.49
BEEES A % 1.04
20.93
37.39
905
S5 4%
27.36
6.56
5 15.75
KA
20.84
26.08
0.51.01.520253.03540 45 ,
BtV " A
Fe TE BRI %
Fe 7421
Mg 3.62
%Rk Al 4.30
Si 7.38
Ca 9.37
Ti 113
CaO  TiO, 4 6 5
Sio, Sio, TiO, . 5
6. 80 TiO, .
TiO, Tio,

TiO,
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Table 6 Chemical composition of main minerals and distribution ratio of TiO, in the air-cooled slag

( ) 1%

TiO, TiO,

Ca0 Si0, MgO Al, 04

Ti0,

Fe /% 1% 1%

40.03 37.09 5.36 12.87

36.19 14. 42 9.43 7.86

44.87 38.32 12. 05 1. 68

28.31 34.52 8.42 24.35

9.31 11.18 4.25 5.75

4.65
32.10
3.07
4.40
1.33

12.5 0.58

12.5 4.01 52.26

10.0 0.31 4.00

62.5 2.75 35.82

68. 18 2.0 0.03 0.35

7.68 100. 00
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Fig.5 Distribution ratio of TiO, in the water—<cooled and the air-

cooled slag
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