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Galvanostatic Polarization Measurements on a Soid Platinum-
Alkali Silicate Melts

Hideaki SuUITO and Masayasu OHTANI

Synopsis:

Galvanostatic polarization measurements were made at 1 350°C on a solid platinum-molten alkali silicate
interface. From the analysis of the initial decay up to 80 usec of the overpotential-time curves, the exchange
current density has been determined as a function of the M,0O/SiO, molar ratio (M=Li, Na and K) and the
oxygen partial pressure. (Pg,=1, 0.21 and 0.03 atm) The exchange current density has been found to in-
crease with increasing the M,0/SiO, molar ratio and the oxygen partial pressure. Subsequent decay up
to 1 msec, 10 msec, 100 msec, 1 sec and 5 sec~ of the overpotential curves has been studied on the assump-
tion that mass—transfer controls the rate of the oxygen discharge reaction. At the constant M,0/SiO,
molar ratio, the slope in the overpotential-square root of time plots has been shown to be inversely proportional
to the square root of an oxygen pressure. It was also found that the product of the solubility of and the
square root of the diffusivity of soluble oxygen and oxygen ion increases with the increase of the M,O/Si0,

molar ratio. The product also increases with changing M,O from Li;O to Na,O to K,O in this order at

a constant M,0/SiO, molar ratio.
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Fig. 1. Schematic diagram of the cell assembly

and circuit.
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Table 1. Exchange current density i, (mA/cm?).
Li,O/SiO, 3/2 11 2/3 1/2
Po,=1(atm) 185 180 160 { 135
0.21 150 150 120 130

0.03 130 120 [ 105 110
Na,0/Si0, 3/2 1/1 2/3 1/
Po,=1(atm) 505 240 | 170 ] 135
- 0.21 3164] 200 140 | 155
0.03 230 ; 145 135 125
K,0/Si0, 32 ilﬂ 2/3 1/2
Po,=1 (atm) f — f 200 = 240 230
0.2t — | 290 | 225 230

0.03 ’ = wdl 140 | 150
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Fig. 2. Overpotential-square root of time relations
for the platinum anode (2mm¢) : (A)
K,0-28i0,, Pg,=1 atm, 6.07mA/cm?(B)
3Li,0-28i0,, Pg,=0.03 aim, 1.52mA/cm?
(C) 3Nay,0-28i0;, Pp,=0.21 atm, 4.55
mA/cm2.
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Fig. 3. Overpotential-square root of time rela-
tions for the platinum anode (2mm¢) in
K;0:25i0; composition at Pg,=1 atm-.....
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Fig. 4. Plot of 5/y/¢ i against logarithm of the
experimental time range for Na,O-SiO,
composition.
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Fig. 5. Plot of 1/Coy/ Dg+1/Cor- 1/ Dgez (=m)
against Pg,~1/2 for Li;O-SiQ, system.
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Fig. 6. Plot of 1/Co1/ Do+1/Co2- 1/ Dy:- (=m)
against Pg,~1/2 for Na,0O-SiO, system,
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K<HBAEND. By ZOEEREL TN .

—ER T SRR OEERE 1/1/Po,— 0 FCiE
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Fig. 7. Plot of 1/Co1/ Do+ 1/Co2-y/ Dg:z- (=m)
against Pg,~ /2 for K,0-5i0; system.

Table 2. Solubility and square root of the diffu-
sivity of O2- product: Co,-1/Dg,- X 108,

M,0/SiO, 3/2 1/1 2/3 | 172
Li,0/Si0, { 40 | 1.0 | 0.5¢4 | 0.42
Na,0/Si0, 20 2.0 | 0.61 | 0.38
K,0/Si0, — 13 } 23 | 1.1

T T T

o K;0-5i0, system
Y & Na;0-Si0:system
L. o Li20-SiO; system

T LR LRERE! |
D/
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\é'b o
5\ T
Z E ° . o
g : \o\ \ﬂ\
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LM ERELELERt §

1 L 1 1
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Fig. 8. Dependence of log Ng:- 1/ Dg:-on the slag
composition Ngjo, for Li,O-5i0;, Na,O-
Si0, and K,0O-SiO, systems.
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Table 3. Solubility and square root of the soluble
oxygen product: Cp1/ Dy X 108,

Li,0/SiO, 3/2 1/1 2/3 1/2
Po,=1 (atm) 3.8 2.9 1.8 1.5
0.21 1.8 1.3 0.83 | 0.67
0.03 068 | 0.48 | 0.32 | 0.25
Na,0/SiO, 3/2 1/1 2/3 1/2
Po,=1 (atm) 17 5.9 1.8 1.5
0.21 7.1 1.7 0.83 | 0.69
0.03 2.6 0.69 | 0.32 | 0.27
K,O/SiO, 3/2 1/1 2/3 1/2
SRR
0.03 — 6.7 0.72 | 0.38
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Fig. 9. Dependence of Cp1/D, on the slag compo-

sition ]\:rsm)2 at POZZO.QI atm for LiZO-SiOz,
Na,0-58i0,; and K,0-5810, systems.
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