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Discussion on Construction of Electrode of Oxygen Probe for Molten Slag

Synopsis :

Minoru SASABE and Kouichi SAKAI

In order to obtain a guide for determination of oxygen potential in molten slag, the discussion is made
on the reason why EMF is induced from oxygen concentration cell of which electrode immersed in molten
slag does not contact at the surface of the solid electrolyte. The following conclusions are obtained :

1) The EMF is determined only by oxygen chemical potential in the slag when solid electrolyte doesn’t
dissolve into the molten slag. On the other hand, The EMF is determined by oxygen chemical potential
and diffusion potential induced by the dissolved materials when solid electrolyte is dissolved into the molten

slag.

2) In the case of the oxygen concentration cell of which electrode immersed in the molten slag doesn’t
contact at solid electrolyte surface, the minimum distance between the solid electrolyte surface and the
electrode under the present experimental condition was 2 mm in order to prevent influence of diffusion

potential.

3) Oxygen probe for molten steel with molybdenum electrode should not be used in molten slag, except

the slag being rapidly flowing.
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1: Pt electrode, 2 : Reference electrode, 3 and 4 : Thermocou-
ple, 5: Shell coat, 6:Quarz, 7: Solid electrolyte, 8:Cr
and Cr;O3 powder.

Fig. 1. Oxygen probe used for measurement of
oxygen potential in molten slags.
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Fig. 2. Electromotive force of oxygen probe for
molten steel immeresed in molten iron as well as
in molten slag.
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1 : Reference electrode, 2: Pt electrode termed contact elec-
trode, 3 : Electrode termed non-contact electrode, 4 : Solid
electrolyte, 5: Mixture of Ni and NiO powder, 6 : Thermo-
couple, 7: Crucible, 8: Molten slag, 9: Oxygen probe for
measurement in atmosphere, 10 : Silicon rubber stopper, 11:
Inlet and outlet of gas, 12: Outlet of lead wires.

Fig. 3. Schematic illustration of experimental
apparatus.
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Table 1. Nominal composition of molten slags
and number of measurements.
Sample Composition (wt%) Number of
No. Fe;0; FeO CaO Si0, Al,0, Measurements

1 40 40 20 37

2 1 39.6 39,6 19.8 48

3 2 392 39.2  19.6 34

4 5 38 38 19 20

5 10 45 45 22

6 15 42,5 42,5 24

7 20 40 40 31

8 30 35 35 28
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Fig. 4. An example of relationships between re-
spective electromotive forces induced between ref-
erence and contact electrodes (circle marks) as
well as between reference and non-contact elec-
trodes (triangle marks), and time. Distance be-
tween the contact and the non-contact electrodes
is 3mm. Composition of sample is 2wt2;Fe,O;-
39.2wt9,Ca0-39. 2wt2;Si0,-19.6wt9,Al,O4.

Fine solid line shows electromotive force of oxy-
gen probe for measurement in atmosphere.
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Fig. 5. An example of difference in respective
electromotive forces induced between reference
and contact electrodes (circle marks) as well as
between reference and non-contact electrodes in
case of 6 mm in distance between the contact
and the non-contact electrodes. Composition of
sample is 2wt9,Fe,04-39.2wt2,Ca0-39.2wt%,
Si0,-19.6wt2,ALO;.

log Po: at contact electrode (atm)

.
, -10 -5 0 E
!&JJ — T T 3
v 0 Y
o2 0.4 3
Q L4 .
cg =
g O
Lo L | 9
(= A e (]
EU 02- A a
g ® ©
(4 L4 ® o
§5 : z
vy 1 L g -5 §
32 0-0F a ,, eo Aaa 9
] A &
nv o
.C C
'UQ‘O»Z' -
g2 5
g.g o~
L] o
£9-04 f0a
wo
=0 g
ws °

-04 -0-2 0 02 04
EMF induced between reference
electrode and contact electrode(v)

Fig. 6. An example of comparison of respective

electromotive forces induced between reference and

contact electrodes as well as reference and non-
contact electrodes. The slag composition is 2wt

Fe,0;-39.2wt%,Ca0-39.2wt2,S5i0,-19.6wt2, AL, Oj,.

Solid circles and solid triangles show the cases

less than 5 mm and more than 5 mm in distances

between contact and non-contact electrodes,
respectively. Solid squares show the case of non-
contact electrode made of Mo.
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Fig. 7. An example of comparison of respective
electromotive forces induced between reference
and contact electrodes as well as between reference
and non-contact electrodes. The slag composition
is 20wt2,FeO-40wt9,CaO-40wt?,810,.  Solid cir-
cles and solid triangles show the cases less than
5mm and more than 5mm in distances between
contact and non-contact electrodes, respectively.
Solid squares show the case of non-contact elec-
trode made of Mo.
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Fig. 9. Schematic illustration of construction of
the cell assembly used for the experiments.
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Fig. 10. Schematic illustration of construction
of the cell assembly with liquid junction.
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