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Permeability, Diffusivity and Solubility of Oxygen Gas in Molten

Ca0-Si0,-Al,0; System

Synopsis:

Minoru SASABE and Yutaka KINOSHITA

An experimental procedure to determine the permeability of dissolved oxygen gas in liquid slag has been

developed using an oxygen concentration cell.

A small amount of oxygen gas which permeated the liquid

oxide from a pure oxygen compartment to a pure argon compartment was determined by the galvanic cell.
The permeabilities of oxygen through CaO-Si0,~Al,O; melts were found to be in the range of 31071 to

6 x 10—*® moles/cm.sec.
slag was detected by another galvanic cell.

In separate experiments, the oxygen pressure change at the bottom of a column of

By this method, it is not necessary to quench the specimen to
determine the concentration profile of dissolved oxygen to obtain its diffusivity.

of oxygen in CaO-Si0,-Al,O4 melts were found to be in the range of 7 x107% te 3 10~* cm?/sec.

The diffusion coefficients
The

observed permeabilities and diffusion coeflicients increased with increasing temperature at a fixed slag

composition and with increasing content of network-modifier oxide at a constant temperature.

The

solubilities of oxygen gas in CaO-Si0,~AlL O, melts were estimated from the permiabilities and diffusivities to

be 2x 1071 to 2x 10~ moles/cm3.
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Fig. 1. An explanation of the permeability of
oxygen gas through molten slag. The
permeability, P, is defined as P=J.L/A,
where L is the thickness of slag, 4 is the
cross section of slag and J is the flow
rate of oxygen gas through slag.

inlet pipe of
pure oxygen

pure oxygen

(fused alumina) %

siticon rubber NN oxygen

stopper N N concentration
cell

shield tube 1 .

{mullite) I argonwith
small amount
of oxygen

molten slag small amount
of oxygen

reaction tube

(mullite)

silicon rubber N

stopper

E RE water bath
pure argon

——thermocouple

mullite tube

Fig. 2. Shematic diagram of the exprerimental
apparatus used for the measurement of
oxygen permeability through molten slag.
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Fig. 3. Shematic diagram of the experimental |
apparatus used for the measurement of
oxygen diffusivity in molten slag.
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Fig. 4. An example of the decay of EMF during
the measurement of background (curve lri\Z)

and oxygen permeation (curve gz}), with a
solid electrolyte kept at about 800°C.
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Fig. 6. Relationship between logalithmic permea-
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Fig. 8. An example of the change of EMF with
time during measurement of diffusivity of
oxygen gas in molten CaO-Si0,-AlLO,

system.
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Fig. 9. Relationship between the oxygen diffusivity
and reciprocal temperature in molten CaO-
Si0,-Al,0O4 system. The vertical lines show
experimental errors.
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Fig. 10. Relationship between the partial pressure,
Py,, of oxygen gas inside the shield tube
and the permeability, P, of oxygen gas
through 40wt9, CaO-40wt2;, SiO,-20wto,
Al,O; melt at 1400°C. The solid line
shows P=4.68x10-18 Py, The dotted line
shows P=2.24x10-18 Py 1/2,

DT, AZTHREERTIREOREBELHE TS,
=V MENRID BERSIER 7T -FRRIRE N A
THRHE L, BEOFEEEZEIRE Lk R Fig. 10 T%
5. ZOFRIE, n=1 THHELERLTVED, &
B S DNT IR, n{ EORKIT2THS. Lichi-
T, AT THEBETLEMEOHIEL Oy ¥R TH 5,
LESSRT D LR TES.
4.3 BROBEE
25 THREBENT HEERDOTLIEN O, ¥R THBHZ &
Db 2leDT, JIESNIERE & IEREE v
LHAPDRAZ T HAND Oy WADEREL RKDD T &
BTED. 29T Co(A)>Co,(B) %L
P =Dg,-Co,(A) wrereereeennns e (28)
Linn, (28) Kb, HlESNI P L Do, 5 14
ETORBERHGQTDR T THNOEREDOIEME 2k &
5. AMECOMUEHEOFEHEZAVTHE L-BED
BIRE IR D X 5 icin o,
25wt%% CaO-65wt2% Si0,-10wts AL O, :
C=6.7x10-1 exp (44x 103/RT)
40wt9% CaO-40wt2, SiO,-20wt, ALO, :
C=2.9x10-18 exp (—10x103/RT)
45wt2% CaO-40wt?, SiO,-15wt, Al O,
C=1.3x10-1 exp (6.0x103/RT)
7t ¥, HAOlE mol O,/ cm? slag-latm O, TH 5. Z

13.5
45%Ca0-40 %Si0, ~15% Al,0,
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S
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Fig. 11. Relationship between the solubility calcu—
lated from permeability and diffusivity and

reciplocal temperature of oxygen gas in
molten CaO-Si0,-AlL,O; system.
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Fig. 12 iR A BIEO T VAR L H X DOWEMREDR
BREGERDOFE L ED TR L. 272 L, Fig. 12 24
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MR L7 EiR VT ws. Fig. 12 CIRIARRIZEREE 2
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hren 1.62A 1y 2.67A ThHsos L, O @
AR 3.64A CThHBHZ &, IEMLD, AT Td~

—s—~ 0, in Ca0-Si0,~ALQ, Ffresent =k a0
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Fig. 12. Relationship between the solubilities of
gases and the molar volume of the slags
in liquid slags at 1600°C.
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Fig. 13. Relationship between the solubility, C
(ordinate, moles gas/ cm3 slag latm gas),
of He or O, gas and the viscosity of
molten slag at 1600°C.
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