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1. Introduction

Recently, ionic melts have become attractive

reaction media in many fields.[1,2] Molten salt

based electrochemical processes have been

proposed as a promising method for future

nuclear programs and more specifically for spent

fuel processing.[3,4,5] During the course of these

electrochemical processes, the generation of

oxygen gas is involved, thus acting as a key

process parameter. Accordingly, a technology for

monitoring oxide ion concentration in the ionic

melt is required. Amongst the several methods of

oxide ion measurement, a continuous and in-situ

monitoring technique using a suitable electrode

system would be the most appropriate.[6,7]

However, little study has been conducted in a

molten salt medium at high temperature. The

present study is focused on the in- l ine

determination of oxide ion concentration using an

ion selective membrane metal oxide electrode,

NiO|ZrO2(Y2O3). Molten LiCl has been chosen as

the electrolyte medium because many important

pyrochemical processes are carried out in LiCl

based molten salt media.
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Abstract

The electrode potential characteristics of a YSZ based membrane metal oxide electrode have

been studied in molten LiCl at 700
o
C by the potentiometric method. The electrode exhibited a

good potential response to log[O2-] and data reproducibility. The calibration plot (potential vs.

log[O2-] was found to be linear, obeying the Nernst equation. The electrode potential showed a

good reversibility corresponding to increase/decrease of the oxide ion present in the molten

LiCl. The physical and chemical durability appeared to be sound after several repeated uses,

resulting in reproducible results. However, "the proposed electrode" failed when metallic Li was

present in the melt. 
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2. Experimental

2.1. Electrode and Apparatus

The membrane metal oxide electrode consists of

a nickel oxide inner electrode placed into an outer

ceramic membrane (YSZ membrane) made of

zirconia (ZrO2) stabilized by yttria (Y2O3 ) doping.

An Ag/Agcl electrode was used as a reference

(See Figure 1). Yttria stabilized zirconia (YSZ)

provides ideal oxide ion conduction as well as a

dense membrane environment for protecting the

inner electrode parts.[8] The electrode was

designed by the authors and was fabricated by

Woojin Inc. in Korea.

Electrochemical measurements were carried out

using a EG&G potentiostat model 273A

interfaced with a PC. The experimental apparatus

is presented in Figure 2. 

2.2. Experimental Procedure

All the experiments have been carried out in a

moisture & oxygen gas controlled glove box. A dry

argon atmosphere was maintained inside the glove

box. 500 g of lithium chloride was placed in a

stainless steel crucible and electrically insulated by

an MgO crucible. The crucible was heated slowly

and kept at 700°. Li2O was added to this melt to

make 0.1, 0.2, 0.5, 1.0, 2.0, and 4.0 percent

Li2O in weight, successively, and the potential

change was monitored at each step. Here, the

oxide ions were added by inserting known

amounts of Li2O. According to our solubility

measurements, Li2O dissolves in molten LiCl at

700°… up to ca. 8 weight percent. Dissolved

Li2O dissociates completely to produce an oxide

ion (O2-) when the solubility is less than 4 weight

percent.

3. Results and Discussion

3.1. Electrode Potential Response to Oxide
Ion Concentration

Linear relationship between the electrode
potential and log[O2-]: The electrode potential

of the metal oxide electrode can be expressed as

the following Nernst type equation. 

(1)

Fig. 1. Membrane Metal Oxide Electrode and
Reference Electrode

Fig. 2. Apparatus for Electrochemical
Measurements in Molten LiCl



The net reaction is Ni2
+

+ O2
-

--> NiO           (2)

Therefore, the plot of the potential vs. the

logarithm of the oxide ion concentration [O2-] in

molten salt is expected to be linear with a slope of

-2.3RT/2F (92 mV/1 order concentration

change) for a metal oxide electrode obeying the

Nernst Equation.(Equation 1)

The electrode potential was plotted vs. the

logarithm of the added oxide ion (in weight

percent), and the results are presented in Figure 3.

They display a good l inear relat ionship as

predicted by the Nernst equation in the range of

Li2O up to ~4 weight percent. In an actual

electrochemical process occurring in a molten LiCl

medium, the maximum amount of dissolved Li2O

is less than 4 weight percent. The l inear

relationship up to 4 weight percent satisfied the

requirements for this electrode to be used for the

in-line monitoring of an oxide ion. 

Reversibility of the electrode potential: In

addition to linearity of the electrode potential vs.

log[O2-] ,  the electrode potential showed a

reversible change when responding to increases

and decreases of oxide concentration. For this

experiment, separate batches of molten LiCl

containing 0.005, 0.5, and 2 weight percents of

Li2O were prepared and the electrode potential

was measured individually, successively, and

repeatedly, with the same electrode. Figure 4

presents the results, which suggest that the

electrode potential responds linearly and reversibly

to increase and decrease of the log[O2-]. 

3.2. Reproducibility of the Data and
Physical Integrity 

In order to be used as an indicator electrode in

process monitoring, reproducibi l i ty of the

electrode potential data is essential. Also, as it

operates under high temperature and severe

chemical conditions, the electrode should be

physically and chemically durable. According to

the results from several batches of experiments

with the same electrode after repeated use, the

linearity of the potential vs. the log[O2-] was fully

confirmed. Figure 5 presents the results of this

experiment. Here, the intercept of the line may

vary in each experiment depending on the amount

of residual O2- in LiCl. Even a very small difference

in the amount of residual O2- may change the

intercept value significantly, depending on the
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Fig. 3. Plot of the Electrode Potential
(vs Ag/AgCI log[O2-]

Fig. 4. Reversibility of the Electrode Potentialres
Ponding to the Change of the log[O2-]
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conditions of the glove box and the reagent purity. 

The performance of the electrode was tested for

48 hours while immersed in molten LiCl at 700 °C,

and there was no fai lure in the electrode

characteristics. Even in the presence of a highly

reactive Li metal that was dissolved up to its

solubi l i ty l imit, the electrode apparently

maintained its physical integrity. These results

suggest that the membrane metal oxide electrode,

NiO|ZrO2(Y2O3), may be used as an indicator

electrode for monitoring processes occurring in

various ionic melts where oxide ion (O2-) acts as a

key parameter.

3.3. Limitations

There are two main limitations in monitoring the

variations of Li2O using this electrode. One is that

the electrode potential linearity vs. the log[O2-]

starts to deviate sl ightly when the Li2O

concentration is more than 4 weight percent,

because of incomplete dissociation. However, as

the concentration of Li2O is less than 4 weight

percent in most real processes, this does not

constitute a serious problem for actual

applications. 

The other limitation is metallic Li in molten LiCl.

The presence of dissolved lithium metal may cause

side reactions affecting the performance of the

indicator electrode. In the case of the present

study, it shifted the electrode potential significantly

to positive values by causing an electrochemical

reaction that is not clearly understood. This

phenomenon may be attributed to its small size

and high reactivity in molten LiCl. Because of

these properties, metallic Li may pass through the

YSZ membrane and thereupon cause an

undesirable electrode reaction. Also, metallic Li is

known to be intercalated into carbon based

materials in molten salts.[9] Such potential adverse

effects need to be identified and should be

overcome for the reliable monitoring of oxide ion

concentration in molten salt in the presence of a

dissolved lithium metal. Therefore, the electrode

developed in this study is not applicable to

processes where metallic Li is present in the

molten salt. Presently, related studies to overcome

this drawback are underway.

4. Conclusions

The electrode potential characteristics of a YSZ

based membrane metal oxide electrode

(NiO|ZrO2(Y2O3) were studied in molten LiCl at

700 oC by the potentiometric method. The

electrode exhibited a good potential response to

log[O2-] and data reproducibility. The calibration

plot (potential vs. log[O2-]) was found to be linear,

obeying the Nernst equation within a range of

Li2O content up to ~4 weight percent. The

electrode potential showed good reversibility

corresponding to increase/decrease of the oxide

ion in molten LiCl. The physical and chemical

durability appeared to be sound after several

repeated uses, resulting in reproducible results.

However, the proposed electrode has some

Fig. 5. Reversibility of the Electrode Potential
Responding to the Change of the Log[O2-]
After Several Repeated Uses



limitations, namely, it is not applicable when

metallic Li is present in the melt. 
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