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On the Rate of CO Evolution with the Silica Reduction Reaction

}.
y Kazumi QGINO, Atsushi NISHIWAKI,
Takahisa SUZUKI, and Susumi IKUSHIMA
Synopsis:
o The evolution rate of CO gas produced by the reduction of silica in GaO-S5i0,-AlL,O; slag by mol-
L ten carbon-saturated iron in graphite crucible has been measured in the temperature range between
- 1510°C and 1620°C, and the effects of temperature, slag composition, silicon content of iron and ratio

of interface area of slag/metal and slag/graphite on the rate have been examined.
The rate of CO evolution is proportional to activity of silica in slag and increases’ with an increase
of the interface area. Apparent activation energies of the rate are 87 kcal/mol for acid slag and 62
t: kcal/mol for basic slag.

On the basis of the changes of over-all reaction rate with the ratio of the interface areas, the CO
evolution rates of unit interface area are evaluated. The proportion of contribution of the reaction at
? each interface to over-all evolution rate is varied with temperature and slag composition. The rates

of silica reduction estimated by present results are in good agreement with that already reported by
many investigators.
f The results obtained in this work show a good correspondence to the results of our previous study
in which CO bubbles formation were observed by X-ray fluoroscopy method.
Tt is suggested that in this experimental condition, the reaction is controlled by chemical reaction step.
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1 Sighting window, 2 Slag container 3 Stopcock 4 Brass
cap 5 Graphite stopper 6 Graphite crucible 7 Graphite
crucible 8 Alumina crucible 9 Insulating brick
10 Pylex cap 11 Thermocouple 12 PID temp. control-
ler 13 Induction coil 14 Pylex capillary 15 Injecter
16 Mercury 17 Mercury pellet 18 Silica tube 19 Slag
20 Iron

Fig. 1. Apparatus for measurement of CO evolu-
tion.

Table 1. Composition of slag (wt%).

Slag . Activity at 1 550°C
No. CaO SiO, ALO, dsio, Qcao

1 25 60 15 0.67 0.0015
2 20 55 15 0.59 0.002
3(A) 35 50 15 0.40 0.004
4 40 45 15 0.28 0.008
5 45 40 15 0.14 0.017
6(B) 50 35 15 0.04 0.035
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Fig. 2. Influence of slag composition on CO
gas evolution rate at 1 550°C.
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Fig. 3. Relationship between apparent rate constant
and activity of silica at 1550°C.

Table

Fig. 4. Arrhenius plots of the rate constant.

2. Interface area and CO evolution rate.
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Fig. 5. Plots of dNgo/dt/As- as a function of
Ag-g/A5- 1y ratios.

broken lines : calculated for silicon transfar rate

after Ashizuka et al..3) ; condition :

a) 1600°C, 55Ca0-458i0,, b) 1600°C, 40CaO-

40Si0,-20A1,0,, c) 1550°C, 40Ca0-40SiO,~

20A1,0,.

Table 3. Comparison of Si in the iron after ex-
periment with that calculated from the
volume of CO evolved.

Temp. Analyzed | Calculated
Slag No- | @y | (wt.9%) (Wt.%)
A 1520 0.17 0.22
A 1565 0.28 0.31
A 1580 0.30 0.35
A 1598 0.34 0.40
B 1 580 0.09 0.11
B 1 580 0.12 0.16
B 1580 0.12 0.14
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Table 4. Effect of Si added to iron on CO evolution at 1580°C

Initial Interface area Rate of CO evolution
Si content
(weopy | Asm A5y Neo | Noo/A—r /dt "%
(cm? (cmz?) (cc/ min) (10-5 mol/ min cm?2) (10-5 mol/ min c¢m?)
0.01 7.1 13.6 1.40 0.88 0.48
0.57 7.1 14.8 1.46 0.92 0.48
1.22 7.1 13.5 1.37 0.86 0.46
2.47 7.1 12.2 1.21 0.76 0.40
3.70 7.1 12.2 1.08 0.68 0.32
5.17 7.1 12.8 0.92 0.58 0.20
7.44 7.1 14.9 0.84 0.53 0.09
0/ k
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1 /[RST

Fig. 7. Effect of silicon added to iron on CO
evolution rate with B slag at 1580°C.
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Table 5. Calculation of nucleation rates.
Homogeneous nucleation rates Heterogeneous nucleation rates

Case 1 Case 2 Case 3 Case 4 Case 5a Case 5b

r¥(cm) 1x10-4 3x10-5 7} 40 110 30 165
A4G* (erg) 70x 10-s 2x10-8 AG*(erg) 3x10-8 1.5x10~¢ 0.9x10-¢ 2x10-6

7( Dubbles \ 10w 1080 7 ubbles 1080 10% 10% 1080

s /exp(2.7><103) exp (7.7 x108) s exp (1.2X107) exp (5.8 x 108) exp(3.5x 108) exp (7.7 x 108)

Case 5a(Graphite)
5b(SiC) —— 5

» O
Case 4 ‘é\ﬂ
) O

Graphite crucible 1™ Case 2

// Case !
T4

C-sat iron

Case 3|

Fig. 8. Schematic representation of nucleation site.
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