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Rate of Dissolution of Sintered Alumina into Molten Slags
Kunihiko NAKASHIMA, Hiroyuki NAITOU, Masahiro IsoMoTO,
Makoto KiSHIMOTO and Katsumi MoRi
Synopsis :

The dissolution rate of alumma was calculated from the decreasing rate of radius of a cylindrical speci-

men dipped into Ca0-SiO;-Al,0; (BF-type) or Na;O-SiO; slags.

The effects of revolution speed,

temperature and slag composition on the dissolution rate were examined. The results are summarized as

follows ;

(1) The dissolution rate increased with increasing revolution speed. From this result, the dissolution
rate was concluded to be limitted by mass transport in slag.
(2) The apparent activation energies of mass transport in BF-type and soda-silicate slags were calcu-

lated to be 186 and 113 kJ-mol ™", respectively.

(3) From the EPMA analysis of specimen after experiment, it was observed that some slag penetrated
into grain boundary of alumina specimen and a Ca0O-6Al,0; compound was produced for CaO-Si0O;-Al;O03
slag, but that neither penetration layer nor compound are formed for soda-silicate slags.

Key words : solid alumina; dissolution rate; molten slag, Ca0-Si02-Al;03; soda-silicate; slag attack of

refractories.
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Table 1. Chemical composition of slags (mass% ).

a) BF-type slaé'

Slag Ca0O SiOy Aly03
A 45 45 10
B 40 40 20
C 35 35 30

b) Soda-slag ( R=Molar ratio)

Slag Nay0 " sio, R
D 63 32 2
E 51 49 1
F 44 56 0.75
G 3 66 0.5

16

1 Steel rod

2 Thermocouple

3 Steel(Graphite) rod

4 Steel(Graphite)cap

5 Sample

6 Steel(Mo)rod

7 Protection tube

8 Slag

9 Steel(Graphite)crucible

10 Alumina supporter

11 Graphite resistance
heater

12 Kryptol

13 Electrode plate

14 Transmission

15 Motor
16 Elevator
Fig. 1. Experimental Apparatus.
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Fig. 2. Effect of revolution speed on the dissolu-
tion rate of Al,0j3 into slag A.
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Fig. 3. Effect of revolution speed on the dissolu-
tion rate of Al,O; into slag E.
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Table 2. Experimental results.
sl Temp. m Vx10° EX10° | A(%AL03)1?
ag (K) (rpm) (em-s™1) | (em-s™1) (mass% )
1853 200 19.0 7.12 39.5
60 6.29 2.54
1823 100 11.0 4.48 38.0
A 200 15.9 6.41
400 30.4 12.2
1773 200 9.83 4.42 36.0
100 5.43
B 1823 200 8.78 4,84 28.0
300 12.1
400 14.2
C 1823 200 3.65 2.91 18.0
D 1673 100 9.72 17.6 ¥10.0
60 2.51 1.69
100 4.22 2.84
1673 200 5.50 3.70 26.7
E 300 7.36 4.95
1573 200 2.84 2.03 23.9
1473 200 2.00 1.54 22.1
1373 200 0.70 0.57 20.4
F 1673 200 1.12 0.67 29.9
1673 200 0.44 0.35 28.8
* Estimated value
20 1823 K
200 rpm
~ 15 K
T
(&)
@
n
€10
w
o
:
> 5
o
0
10 20 30

AlO; content (Mass,)

Fig. 4. Relation between the dissolution rate and
Al,O3 content in slag with CaO/Si0O, =1 at 1823
K.
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Fig. 5. Relation between the dissolution rate and
molar ratio of NayO to SiO; at 1 673 K.
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Fig. 6. Effect of periphery velocity on the dis-
solution rate of Al;Os.
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Table 3. Physical properties of slags.

S| Temp. Dx108 2 U]

ag (K) (em?-s71) (g-em™3) (Pa-s)
A 1.8310 2.5114 0.33!%)
B 1823 1.7110 2.5714 0.62!9
C , *2.7619 *1.10!9
D 2.2012

E 1673 1.65'2 2,202 *0.30'9
F 0.41'® 2.2012 *1.3012
G | 0.75!2 2.201 2.6912

* Estimated value
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Fig. 8. Effect of temperature on the mass trans-
fer coefficient of alumina in slag.
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Table 4. Apparent activation energies (kJ-mol ')
for mass transport in molten slags.

Slag Eb Eyot Ep Ey
A 186 195~281 2401 ~35614) 9318
E 113 64~131  4212~714219 1219
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Fig. 9. Variation in slag viscosity and relative
values of k£ and 4 (% Al,05) with alumina content
in BF-type slags.
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Fig. 10. Variation in slag visosity and relative
values of k and A (% Al,03) with molar ration of
NazO to SiOZ.
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Fig. 11. X-ray diffraction pattern of alumina sam-
ple after dipped into slag A at 200 rpm and 1823 K
for 60 min.
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