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Abstract-The potentiodynamic behaviour of graphite and platinum electrodes was studied in alkaline 
nitrite melts. No appreciable corrosion of graphite was observed, due to the apparently low concentration 
of highly oxidising species. Rate processes such as NO; ion oxidation. NO, reduction and OH- ion 
oxidation were studied and interpreted with formerly discussed reac’tion pathways. 

INTRODUCTION 

The literature on the electrochemistry of molten 
nitrites is rather scarce, particularly in comparison 
with that corresponding to other oxoanion-containing 
melts such as nitrates, sulphates or carbonates. Pre- 
vious reports mainly refer to polarographic studies of 
nitrite ion dissolved into the nitrates[l-31. The kine- 
tics of the anodic oxidation of nitrite ion either as pure 
or dissolved in nitrate eutectics depends on the elec- 
trode material[44]. 

In molten alkaline nitrates graphite anodes corrode, 
while this process does not appreciably occur in alka- 
line nitrite melts. The corrosion process in the nitrate 
melts has been related to the formation of a surface 
oxide on graphite which can be built and reduced dur- 
ing repetitive potentiodynamic experiments[7]. Its 
occurrence has been attributed to the presence of the 
various oxygen ion species present in the molten 
nitrates. 

Following the pattern of previous work, the study of 
the potentiodynamic behaviour of graphite and plati- 
num electrodes was extended to molten alkaline 
nitrites. 

EXPERIMENTAL 

The experimental setup, electrode preparation and 
techniques were described in previous publica- 
tions[7, 81 NaNO,-KNO, (1: 1) melts were prepared 
from high purity chemicals. A platinum NO,(sat)/NO; 
electrode was used as a reference electrode. The NO1 
saturating the reference electrode compartment was 
prepared in situ by electrolysing the melt at a constant 
potential. The working temperature was 236 + 1 “C. 

RESULTS 

I. Voltammograms run on graphite and platinum from 
the rest potential towards anodic potentiak 

The electrochemical reduction of NO* on platinum 

exhibits a cathodic current peak at ca 00550)-lOV, 
while on graphite electrode is at 0175 V (Fig. 1). The 
peak height increases with the potential sweep rate, v, 
and its potential remains independent on v. 

If the melt is previously cathodised at -15 V for 
1 min and then voltammograms are run at 5, 10 or 
50 mV/s from -@3 to @3 V, an anodic current peak 
occurs during the first sweep, either on platinum (at ca 
@ 175 V) or on graphite (at ca 0 V), (Figs. 2 and 3). With 
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Fig. 1. Voltammograms run with the graphite/nitrite sys- 
tem at 50 mV/s covering the anodic potential region. 236°C. 
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Fig. 2. Effect of previous cathodisation at - 1.0 V on the first and successive cycles (a), platinum/nitrite, 
(b), blank, 50 mV/s, 236°C. 

I I I I I I 
-I 4 -1.1 -0.8 -0.5 - 0.2 - Q .I 

Potential, V 

Fig. 3. Voltammograms run from - 1.4 V up to + 0.1 V, 
graphite/nitrite, 50 mV/s, 236°C. 

graphite electrodes the height of the anodic current 
peak decreases in the second cycle. Within the region 
of potential where the anodic peak occurs, the current 
increases quite markedly when NaOH is added to the 
melt, affecting also the current during the returning 
half-cycle. The current increase prior to the nitrite ion 
discharge is quite likely related to the OH- ion oxi- 
dation. These experiments demonstrate a high local 
concentration of basic species are formed at the eleo 
trade/melt interface during cathodisation due to the 
reaction of oxide ions with residual water[9]. The 
addition of Na202 to the nitrite melt containing traces 
of water provokes also an increase in the OH- ion oxi- 
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dation current. This effect, however, is lower than the 
Fig. 4. Voltammograms run after the addition of NazO, 

(05 M), graphite/nitrite, 50 mV/s, 236°C. 

(b) 

one obtained with the addition of NaOH (Figs. 4 and 
5). 

As shown in the voltammograms, the anodic current 
peak has no cathodic complementary current peak 
within the potential range swept. At low potential 
sweep rates the NO2 reduction peak tends to disap- 
pear. The current plateau related to the OH- ion oxi- 
dation apparently increases linearly with L?/~ as 
expected for a diffusion controlled process. The OH- 
ion discharge, however, occurs at potentials closer to 
that of the NO; ion oxidation on increasing the poten- 
tial sweep rate. A similar effect is observed on increas- 
ing the OH- ion concentration. 
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Fig. 5. Voltammograms run after the addition of Na,Oz (05 M), platinum/nitrite, 200 mV/s, 236°C. 

2. Voltammograms run within a larger range of potential 
(i) Platinum electrodes. Cyclic voltammograms were 

run between - 1.7 and -0.2 V (Fig. 6). The first vol- 
tammogram shows an anodic current peak at ca 
- 1.35 V, but at - 1.1 V the current became cathodic 
again. During the returning half-cycle, a cathodic cur- 
rent peak is found at cu -0.65 V and a second one at 
ca - 1.5 V. The height and position of the anodic and 
cathodic current peaks at ca - 1.4 V and ca - 1.5 V, 
respectively, change during cycling. The potential of 
the first anodic peak becomes more anodic and that of 
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Fig. 6. Repetitive voltammograms covering the cathodic 
potential region (- I.7 to -02 V), pl$inum/nitrite. 

100 mV/s, 236°C. 
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the second cathodic peak shifts towards more cathodic 
potentials. When these voltammograms are compared 
to those obtained with alkaline nitrate melts within the 
same potential range[lO], they resemble those current 
peaks due to the Na,O (cathodic) precipitation and its 
dissolution (anodic), respectively. 

The occurrence of the cathodic current peak at ca 
-0.65 V is independent of any pre-electrolysis and N, 
saturation of the melt. When the amplitude of the 
potential sweep is between - 1.0 and O-35 V, the vol- 
tammogram exhibits together with the cathodic cur- 
rent peak at ca -0*65V, an anodic peak at about 
0.115 V, which corresponds to the OH- ion discharge. 
The cathodic current peak height decreases slightly 
after cycling, its occurrence depends on the pressure 
of water in molten nitrates[l 11. Its potential becomes 
more negative when the potential sweep rate increases. 

(ii) Graphite electrodes. Figure 7 shows voltammo- 
grams swept from -1.5 to 0.35 V with graphite elec- 
trodes. After a previous cathodisation at -1.5 V, the 
voltammogram run towards anodic potentials exhibits 
an anodic current peak at ca - 1.0 V, which probably 
corresponds to the dissolution of the oxide precipi- 
tated during the cathodisation. This peak height de- 
creases with cycling becoming more cathodic. At ca 
-0.05 V the anodic current peak corresponding to the 
OH- ion oxidation remains unaltered during cycling. 
At 0.3 V the anodic current increases rather rapidly 
due to the NO; ion oxidation. The returning half-cy- 
cle shows a cathodic current plateau between -0.75 V 
and -1.OV. At -1-2 V a small inflexion is observed 
and finally, the current increases continuously with 
potential. 

3. Effect of the potential range covered by voltammo- 
grams on graphite 

Voltammograms run between -0.8 and -0.3 V 
exhibit no current peak and they cover a constant area 
after cycling. When the potential amplitude extends 
between -0.9 and 0.1 V, an increase of the cathodic 
current occurs. The anodic current peak that appears 
during the first cycle related to the OH- ion oxidation, 
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Kg. 7. Repetitive voltammograms covering the. cathodic 
potential region (- 13 V to 035 V), graphite/nitrite, 

50 mV/s, 236°C. 

is no longer observed during the following cycles. 
When covering the potential range from -1.0 to 
025 V, a net cathodic current peak appears (Fig. 8) at 
cu -0.675 V. It can be compared to the current peak 
found on platinum at ca -@65 V. 

If graphite is placed into the melt saturated with 
N02, voltammograms run after sweeping out NO2 
with N,, exhibit a net increase of area with respect to 
the voltammograms run in the absence of NO* satu- 
ration. This increase of area is, however, smaller than 
the one previously reported in nitrate melts[7]. 
. No net gas evolution was noticed when the melt 
was saturated with NO. 

5. The addition of water 
The current peak due to the presence of water is To increase the water content in the nitrite melt. 

better defined after a previous cathodisation and an stoichiometric amounts of NaOH and KHSO, were 
anodisation up to the potential of the NO;; ion added. Voltammograms run at 50 mV/s between - 1 .O 
discharge. The electrochemical appears as a process and O-2 V, either on platinum or graphite, exhibit 

more irreversible on graphite than on platinum 
electrodes. 

4. _Ej$ect ofNO and NO 
When the melt is saturated with either NO1 or NO, 

the rest potential of the graphite electrode is nearly 
0.1 V. Voltammograms run from -0.3 to 0.175 V show 
an initial marked increase of the cathodic current. This 
effect, however, is less notorious during cycling. The 
saturation of the graphite/nitrite system with NO2 
produces a gas evolution. As in the nitrate melts[7], a 
chemical attack of graphite is energetically possible, 
according to any of the following reactions[12] : 

NO,+C=NO+CO; 
AG,“,,, OK = - 32-440 kcal/mole. 

2N0, + C = CO, + 2NO; 
AG zoo qK = - 84.560 kcal/mole. 

Fig. 8. 
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Effect of three potential sweep amplitudes on voltammograms run with graphite/nitrite 
50 mV/s, 236°C. 
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a marked increase of the residual current wave at 
-0.65 V. The wave approaches a peak shape at lower 
water contents. On graphite, however, this cathodic 
peak is not so well defined as on platinum. 

6. The simultaneous addition of Na202 and NO 
The addition of either NO or NOz to the nitrite melt 

containing Na,O, produces only a net decrease of the 
OH- ion oxidation current, both on platinum and gra- 
phite. Within the potential range -0-4-05 V, only the 
NO2 reduction current peak is observed 

DISCUSSION 

1. General considerations 
Voltammograms obtained with fresh and carefully 

dried NaNO*-KN02 melts, either on graphite or plati- 
num electrodes are simpler than those already 
reported for the alkaline nitrate melts at low tempera- 
ture[7,13]. However, they approach the characteristics 
of those run with molten alkaline nitrates at high 
temperatures. 

A noticeable difference between the voltammograms 
run with molten nitrites and with molten nitrates at 
236°C is the absence of any clearly defined current 
peak (either anodic or cathodic) in the former melt, 
which could be attributed to the electrochemical for- 
mation or reduction of a graphite oxide. This beha- 
viour is consistent with the apparent minor corrosion 
of graphite in nitrite melts as inferred from the cyclic 
voltammogrdms covering different potential ranges. 

The following discussion refers to the reactions 
occurring within different potential ranges, their kine- 
tics and likely reaction pathways. 

2. The electrochemical nitrite ion oxidation and NO2 
reduction 

The main overall reaction occurring either on plati- 
num or graphite at anodic potentials higher than 0.1 V 
is the NO; ion discharge according to: 

NO; = NO, + e. (11 

The corresponding stationary anodic current increases 
with potential according to a Tafel equation, both for 
platinum and graphite[5,6]. For both electrodes the 
anodic Tafel slopes derived from the voltammograms 
at U+ 0, roughly approach the values already 
reported under stationary conditions. The cathodic 
current peak related to the reduction of NO* on gra- 
phite increases with 0, but the peak potential remains 
practically constant. 

The reaction mechanisms discussed earlier for the 
stationary anodic oxidation of NO, ion either or gra- 
phite or on platinum electrodes essentially involve a 
reaction pathway where a fast initial electron transfer 
step is followed by a relatively slow chemical reaction. 
The latter may be either a radical desorption reaction 

which follows the initial reversible electron transfer 
step or the reaction : 

NOz + NO; = NO + NO;. (2) 
Reaction (2), referred to NaNO, at SOO”K, has a 
AGo = - 18.325 kcal/mole. 

Most of the voltammogram related to NO* reduc- 
tion can be reproduced with the rate equation of a 
reversible processC14-J applied to the reaction: 

NO2 + e = NO;. (3) 
The height of the NO2 current peak decreases when 
the melt contains NaOH. Correspondingly, the height 
of the OH- ion oxidation peak at O-O-1 V, also 
diminishes after repetitive cycling when the potential 
amplitude covers the region of NO; ion oxidation. 
These simultaneous effects are related to the overall 
reaction : 

2 NO, + 2 NaOH = NaNO, + NaNO, + Hz0 (4) 

which explains the elimination of basic species from 
the melt by NOz. Species such as 02- ion will prob- 
ably react with NO,, yielding NO; and NO; ions 
according to: 

2 NO, + Na,O = NaNO, + NaNO, (5) 
For reaction (5), AG” at 500°K is -66812 k&/mole. 

3. The cathodic reduction peak due to the presence of 
water 

The electrochemical reduction of either HNO, or 
HNOj occurs within the potential range -0.3 to 
-0-8 V, both for graphite and platinum electrodes, 
yielding a gas, probably hydrogen. The peak height 
increases with the water content, but at a relatively high 
concentration of the latter a limiting current is 
approached. When the reduction occurs on platinum, 
the returning half-cycle exhibit the OH- ion oxidation 
current peak. These facts can be explained in terms of 
the following overall reactions: 

2HN0, + 2e = H, + 2NOT (6a) 

2HN0, + 2e = H, + 2NO; (6b) 

A possible side reaction such as NO: ion reduction 
by hydrogen atoms seems to be irrelevant[l 1,151. 

The voltammograms run on platinum suggest that 
the reduction corresponds to an irreversible diffi- 
sion controlled process, reaction (6) involving a fast 
electron transfer step followed by a slow chemical reac- 
tion. For such an etectron transfer-chemical reaction 
mechanism, the peak current depends on the k,/a 
ratio, where k, is the rate constant of the chemical step 
and a = zFu/Rn14]. The cathodic vohammogram 
can be reproduced up to nearly -0-7 V with the fol- 
lowing data: C = 2.4 x 10e6 mole/cm3 ; Tafel slope = 
2RT/F; kf/a = 4 and the diffusion coefficient of the 
reacting species in the nitrite melt equal to 1.9 x 
lo- 5 cm*/s at 502”K, as that of water in molten 
alkaline nitrater l] (Fig. 9). 
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Fig. 9. Comparison of the experimental voltammogram for 
the reduction process (6a) or (6b) with the theoretical one 
derived for a diffusion control reaction involving an electron 
transfer followed by a chemical reaction: platinum/nitrite, 

The voltammograms due to the presence of water 
cover a potential range from -0.2 to -0.9 V there- 
abouts and comprise a Tafel slope close to RT/F. 
They can be reasonably reproduced down to -0.75 V 
with the rate equation for an irreversible electro- 
chemical process under diffusion control[14] with a 
transfer coefficient equal to 0.5 and the number of 
electrons involved up to the rate determining step 
equal to one (Fig. 10). Therefore, the kinetic parameters 
related to the reduction process depend on the electrode 
material, the reaction rate appearing slower on gra- 
phite than on platinum. 
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Fig. 10. Comparison of the experimental voltammogram 
for the reduction process (6a) or (6b) with the theoretical 
one derived for a diffusion controlled irreversible 

reaction; graphite/nitrite, SO mV/s, 235°C. 

4. The OH- ion oxidation 
The portion of the voltammograms related to the 

oxidation of OH- ion, either on platinum or graphite, 
exhibit a linear E/log1 relationship at potentials pre- 
ceding the corresponding current peaks. At u = 
5 mV/s the Tafel slope is close to 2R T/F. This suggests 
the OH- ion discharge is an activated electrochemical 
process related to water formation, which can be put 
in the following way: 

OH- + S = (0H)S-t e 

2 (0H)S = H,O + S(O), 

(7a) 

(7b) 

where S means an active site either on graphite or on 
platinum. Under non-stationary conditions and a neg- 
ligible surface coverage by OH radicals, step (7a) is 
probably rate-determining. 

On catbodising previously a water containing melt, 
the OH- ion concentration increases since the follow- 
ing equilibrium: 

02- + Hz0 = 2 OH- (8) 
is largely displaced to the right[9]. 

5. The electrochemical reduction of NO; ion 
The reduction of NO; ions occurs within the poten- 

tial range from - 1.0 to - I.5 V, yielding an increasing 
concentration of basic species in the melt. It can be in- 
terpreted with different overall reactions: 

NO;+e=NO+02- (9) 

2NO; + 4e = N,O + 302- (10) 
2NO; +6e=N,+402- (11) 

NO; + NO, + e = 2N0 + *O, + O*-. (12) 
The change of free energy of these reactions at equilib- 
rium are calculated at different oxide ion activities[16]. 
Any of these reactions yield an accumulation of oxide 
ions at the electrode/electrolyte interface. This causes 
the precipitation of sodium oxide on the electrode and 
the concurrent appearance of the cathodic current 
peak having the characteristics of those related to the 
formation of insoluble films. Correspondingly, the 
anodic peak observed at the highest cathodic poten- 
tials is related to the dissolution of the oxide film. So, 
in this potential region the voltammetric behaviour of 
molten nitrites is similar to that one already reported 
for molten nitrates[9]. For the time being, no further 
quantitative conclusions can be derived from this 
region of the voltammetric E-I curves. 

6. Comparison of the behaviour of platinum and graphite 
electrodes in molten sodium-potassium nitrites and 
sodium-potassium nitrates 

Molten alkaline nitrites are more stable and less cor- 
rosive towards graphite than the corresponding 
molten nitrates, This difference must be attributed to 
the relatively higher concentration of O$- and 0; 
ions in molten nitrates as compared to that in molten 
nitrites. The ionic composition of the latter causes the 
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lack of an appreciable current related to any graphite 
oxide formation. As already discussed[7], the latter 
occurs through the formation of the NO3 intermediate 
by reacting NO and 0; ion, with the participation of 
the following equilibriumCl7, IS]: 

O;- + 2NO; = 20; + 2NO;. (13) 

When O:- ions are added to the pure nitrite melt, they 
react according to: 

0; - + NO; = NO; + 02- (14) 
leaving no possibility of NO3 generation at the inter- 
face and, therefore, no drastic oxidation of graphite 
occurs. Hence, the participation of the 0, ion in the 
process is clearly established. 

The preceding discussion explains also why at high 
temperatures both the platinum/nitrate and the gra- 
phite/nitrate systems approach the behaviour of the 
corresponding nitrite systems, since as temperature in- 
creases both melts attain a common ionic composition. 

The distinction between graphite and platinum elec- 
trodes in the nitrite melt mainly resides in the kinetics 
of the various processes occurring on them. It appears 
that most of the reactions, either anodic or cathodic, 
are relatively faster on platinum than on graphite, as 
it was concluded from previous studies of these sys- 
tems under stationary conditions. 
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