Thermal stability of potassium and sodium nitrate molten salt mixtures above 500°C
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Abstract: Nitrate based salts have application as a heat transfer fluid for solar field applications and are normally used
up to maximum temperatures of 500°C. There is improved thermodynamic efficiency if the upper operating temperature
of these working fluids can be increased. This paper explores the high temperature stability of binary KNO3;-NaNOjsalt
mixtures, the effect of atmosphere on the NO, evolution and the effect of additives to the melt. Several experimental
techniques were used including combined thermo-gravimetric and evolved gas analysis; at the milligram and larger

twenty gram scale, where the melt stability was examined at temperatures as high as 1000°C.

The general findings are that the binary KNO3-NaNO; molten salt mixture is stable up to temperatures of 500°C,
with very little weight change of the melt, although there was some evolved NO, gases over this temperature range. The
use of pure dry nitrogen or air as a protective atmosphere was more effective, reducing NO, evolution over the entire
temperature range than pure argon gas. At temperatures above 500°C, there is significant evolution of NO, species in
the gas and a large weight change observed for the melt. However the weight change far exceeds that expected for
nitrate salt decomposition and there is clear evidence that nitrate salt evaporation may be the dominant factor in

decreasing melt stability.

The thermo-gravimetic studies where the molten salt was progressively heated to 1000°C indicated that carbonate
addition to the melt (as a mixture of K,CO3-Na,CO3) may have increased the thermal stability of the melt. This was
explored further in a series of experiments where the molten salt mixtures were heated to between 500 and 700°C and

held at temperature for two hours to examine weight loss rates of the salt mixtures.

The experimental results are also compared with thermodynamic predictions from a general molten salt
thermodynamic solution model based on the Cell model being developed by CSIRO. The main purpose of this
modeling is to aid in finding and determining the potential operating window of a complex molten salt mixture where

the melt is chemically stable.
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1. Introduction

Commercial solar thermal plants which concentrate the suns energy to produce steam and electricity use molten salt
mixtures as a heat transfer fluid (HTF) or for thermal energy storage. These plants mainly use nitrate based melts that
operate at temperatures below 500°C [1- 7]. Operating these salts at temperatures higher than 600°C may be possible by

rigorous control of the atmosphere under which they are used [8]. However, a salt that is stable at higher temperatures



than 700°C is needed to make effective use of, for example, high temperature closed-loop Brayton power cycles or

Rankine cycles using supercritical steam to potentially increase the heat-to-electricity conversion efficiency.

This paper documents preliminary investigations on a sodium nitrate/potassium nitrate HTF and storage fluid with the
goal of trying to develop a formulation to extend the upper temperature range beyond 500°C. There have been numerous
studies and patents reported in the literature on melt chemistries to reduce the eutectic temperature of potassium
nitrate-sodium nitrate mixture [9,10] and on extending the upper working temperature by adding other salts and
controlling the nitrate to nitrite ratio [11-15] in the melt. The studies have relied heavily on combined differential
scanning calorimetry and thermogravimetric analysis[4,8,15-17] and used a relatively small quantity of melt (<500 mg)
to evaluate the melt stability. This work describes the use of a larger scale thermogravimetric apparatus combined with

evolved gas analysis for NO, where a more substantial twenty gram quantity of melt was used to evaluate melt stability.

In addition to the experimental studies, a solution model for the nitrate-carbonate-chloride-sulphate—hydroxide molten
salt has been developed. The model parameters were optimized against the published phase diagrams [10]. With the
model, the CSIRO developed software: Multi-Phase Equilibrium (MPE) was used to evaluate the stability of the nitrates

system under various conditions [18] studied in this paper.

2. Thermodynamic modeling

The Multi-Phase Equilibrium (MPE) is software developed at CSIRO for calculating the chemical equilibrium in
complex multi-phase multi-component systems [18]. For the purpose of using MPE in evaluating the effect of various
additives on the nitrate decomposition and evaporation, a thermodynamic model and database for the nitrate salt
solution needs to be developed. The cell model [19] which is capable of modelling the solutions with multi-cations and
anions was used for describing the molten salt phase in this study. The cell model required interaction parameters
between nitrates and possible additives such as chlorides, hydroxides, sulphates and carbonates to be optimized. With

the database, the MPE was used to calculate the chemical equilibrium of the nitrates system under various conditions.

Beyond the decomposition of the nitrates, the evaporation of the nitrates at high temperature could be another
limitation on extending the upper temperature range of application of nitrates salt. Figure 1la shows the variations of
the NaNO; and KNO; vapour pressure with the temperature equilibrated with the pure NaNO; and KNO3;. The
NaNO; and KNOj3 vapor pressures increased by two orders of magnitude with the temperature increasing from 500 to

700 C.

Figure 1b shows that the lowest melting temperature of the base NaNO3;-KNO; system is about 223°C at the
equimolar composition. Therefore, the NaNO3;-KNO3 equimolar mixture was used as a base case in this study for
comparing the stability of the molten salts under various conditions. The model parameters of NaNO;-KNO;
interaction are optimized against the published NaNO3-KNO; phase diagram [20] and are a good representation of the

phase diagram.

The KNO3-K,CO3; and NaNO3-Na,COs interaction parameters of the model were optimized by fitting the published
phase diagrams [10]. The Gibbs free energy of the nitrate and carbonate species were adopted from SGTE database [21].



The nitrate-carbonate phase diagram is a simple eutectic system, and there are no stable compounds formed between

sodium and potassium nitrate and carbonate, as shown in Figure 2a and Figure 2b. The interactions between nitrates and

carbonates are very weak. Therefore, the addition of carbonates is not expected to change the stability of nitrates

significantly.

Figure 3 shows that 5 wt% carbonate addition to the equimolar binary nitrate mixture only reduces the nitrite/nitrate

ratio in the salt slightly, due to the dilution effect of the carbonate in the melt. The experimental measured nitrite/nitrate

ratio in the KNO3;-NaNO; equimolar salt with 5 wt% carbonate addition by Olivares [22] was also plotted for

comparison. These results show that the model can give a reasonably accurate prediction of nitrite/nitrate ratio in the

nitrate salt over the temperature range of 500 to 700 C.
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Figure 1. a) Partial pressures of the nitrates vapour over pure nitrates [21,22] b) The comparison of the calculated
and published phase diagram of NaNO3-KNQO; system[20].
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systems [10]
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Figure 3. Effect of the carbonates on the nitrite/nitrate ratio of the salt.

3. Experimental
Temperature scanning thermogravimetric study with NO, analysis

A vertical tube furnace with a 100 mm diameter working tube with water cooled caps was used to perform the
temperature scanning experiments. A twenty gram sample of the molten salt contained in an alumina crucible was
suspended from a balance by molybdenum wire. A Pt/Pt-13%Rh thermocouple in a closed end alumina tube was located
approx 10 mm alongside the suspended crucible to monitor the sample temperature. The entire suspended length of
crucible, wire and the balance was enclosed to maintain atmosphere control. High purity argon gas was used to purge the
working tube of air. The argon flow rate was controlled at 250 cm®/min into the furnace by a mass flow controller, and
exited the furnace though bubblers to prevent air ingress into the furnace. A schematic of the experimental setup is shown
in Figure 4.
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Figure 4. Experimental arrangement for the temperature scanning thermogravimetric study.
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The furnace was heated at a rate of 10°C per minute until the salt sample was at a temperature of 1000°C. The weight
change of the sample was measured by the balance and logged every 15 seconds to a computer. A Teledyne TH200
cathodo-luminesence NO, analyser was used to measure the NO, NO, and N,O contents in the gas from the furnace. The
furnace and sample temperatures, and the NO, N,O and NO, concentrations were stored using a data logger. When the
sample temperature reached 1000°C, the temperature, weight and gas analysis logging were halted and the furnace
allowed to cool under natural convection to room temperature. The effect of gas atmosphere and pN, and pO, was

investigated on the salt mixtures, by using Ar, N, or air flowing over the molten salt mixture.

A mixture of pure reagent grade KNO3-NaNOj; in the weight proportions 54.33-45.67, from pre-dried reagents at
105°C was prepared by weighing into a clean dry jar and then mixed by rolling for 10 minutes. The salt mixture was then
transferred to the alumina crucible to be used in the experiment. At the completion of the experiment, when the crucible
had returned to ambient temperature, the crucible was removed from the furnace and re-weighed to confirm the mass loss
measured by the suspension balance. Melts of KNO3;-NaNO;-K,C0O3-Na,CO; in the weight proportions of
51.61-43.49-2.83-2.17 were also prepared for study.

Thermal equilibrium thermogravimetric study

After the initial thermogravimetric study, a second series of experiments were undertaken to investigate the evaporation
rate from the molten salt mixture in the 20 gram thermogravimetric apparatus. The molten salt was heated to a desired
temperature and the mixture allowed to thermallyequilibrate over several hours and measure the weight loss from the
sample. The rate of weight loss was investigated at temperatures between 500 and 750°C under a flowing nitrogen

atmosphere.

4. Results
Temperature scanning thermogravimetric study with NO, analysis

The thermal stability of the 50 mol% reference case was investigated under Ar, N, and air atmospheres. The nitrogen
species that had the highest concentration in all the tests was NO,, with the concentrations measured under an argon
atmosphere shown in Figure 5a. The effect of gas atmosphere on the stability of the NO, species was significant, an air
or nitrogen atmosphere suppressed the formation of NO, species in the gas phase. Figure 5b shows that the
concentration of the major species (NO,) was decreased by at least a factor of 40 by using air or nitrogen. The weight

change of the melts under the 3 different atmospheres and the rate of weight change is shown in Figure 6.

The average NO, concentration for the Ar experiment over the entire heating period was 360 ppm, then the number of
moles of N decomposed was (360/1x10°)*0.25*120/22.4=4.8x10* moles or 0.03 g, equivalent to 0.15% of the sample
weight. As the average NO concentration was 355 ppm and the average NO, was 2 ppm, the total weight loss due to
decomposition of nitrate salt to produce NO, was ~ 0.3%. The mass of salt decomposing to evolve NO, was far less for

the N, and air experiments.
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Figure 5. a) Measured NO, NO, and NO, concentrations during the thermal stability studies of a 50 mol%
NaNO;-KNO; salt mixture under Ar flowing at 250 cm®min’. b) Measured NO, concentrations during the thermal
stability studies of a 50 mol% NaNO3;-KNO; salt mixture under Ar, N, and air.
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Figure 6. a) Plot of weight change with temperature for 50 mol% NaNO3;-KNO; under Ar, N, or air atmospheres. b) Plot
of rate of weight change with temperature for 50 mol% NaNO3-KNO; under Ar, N, or air atmospheres.

It is possible for the nitrate to decompose to evolve oxygen and nitrogen via the following reactions:

MNO; = MNO, + 1/20,; (M= K or Na)
2MNO, = M;0 + NOyg + NO

MNO, + 2NO(g) =2MNO;, +N2(g)

2MNO3; = M,0 +N20(g) +202(g)

1
..[2]
..[3]
[4]

Evolved gas analysis on the binary nitrate salt mixture has been performed by Olivares using a quadrupole mass

spectrometer [8]. Under Ar atmospheres, O, and N, as well as NO and N,O were observed as gaseous products from the



salt decomposition. The magnitude of the evolution of O, and N, was less than an order of magnitude of that for NO.
Under nitrogen atmospheres, oxygen evolution followed the same trend as reported above, but was significantly reduced,
and it was not possible to determine if the ratio of O, to N, altered when air was used as the atmosphere. When air or
nitrogen atmospheres are used, the decomposition of the salt becomes thermodynamically less favourable, and although
not directly measured in this study, it is a reasonable assumption that the weight loss due to reactions 1 to 4, is of the same

order as that due to the nitrate decomposing to NO, NO, and N,O which were measured in this study.

The temperatures at which the weight loss of molten salt became significant (1%) were within 7 degrees for the 3 gas
compositions studied, with an average temperature of 553°C. The rate of sample weight change with temperature is
shown in Figure 6b, where the rate at which the melt looses weight becomes very high at temperatures above 700°C. At

temperatures of 850°C and higher, the rate of sample loss decreased.

The results for the individual experiments on the binary nitrate doped with an equi-molar mix of Na,CO3-K,CO;
under Ar, N, and air atmospheres are presented in Figure 7 and Figure 8. When compared with the binary nitrate mixture
under an argon atmosphere, carbonate addition has reduced the NO, concentration in the gas by a factor of at least 3.
There is a slight increase in NO, concentration in the gas for the carbonate containing melts under nitrogen or air
compared to the binary reference salt shown in Figure 5b. The effect of gas atmosphere on the weight change of the

carbonate containing nitrate melt was negligible.

The temperature at which the carbonate containing melts had lost 1% mass occurred at 596, 612 and 600°C for Ar, N,
and Air atmospheres respectively. Compared with the binary nitrate melt, the carbonate containing nitrate salt would
appear to be 50 degrees more stable under non-equilibrium heating conditions. Figure 8b shows that the rate of weight
loss for the carbonate and the binary reference were similar, but there is an approximate 50 degree displacement
oftemperature. Unlike the binary nitrate melt, the trends of rate of change of the weight loss for the carbonate containing

melts was nearly identical for all three gases studied.
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Figure 7. Measured NO, concentrations during the thermal stability studies of a 48.1 mol% NaNO3-48.1 mol%
KNO3-1.9 mol%Na,CO3- 1.9mol %K,CO4 salt mixture under Ar, N, and air.



| @)
g N\
N
= N
;
c-10 | N\
[ N
= DN
(o] X
€ \.
515 | \
© \ h
o
c
]
S-20 |
bt
=
2
g ——N2 flowing at 734 cc/min NaNO;-KNO,
-25 | - - -Airflowing at 740 cc/min Reference
——N2 flowing at 734 cc/min | NaNO3-KNO3
- - —Air flowing at 740 cc/min | +(Na,K),CO;4
-30 - -
500 600 700 800

Temperature (°C)

Figure 8 a) Plot of weight change with temperature for 48.1 mol% NaNO3-48.1 mol% KNO3-1.9 mol% Na,CO3- 1.9 mol%

Rate of weight change (g/min)

NaNO;-KNO-(Na.K ()

NaNO;-KNO,
Reference

——N2 flowing at 734 cc/min
----- Air flowing at 740 cc/min
——N2 flowing at 734 cc/min
- - - Air flowing at 740 cc/min

500

600 700 800
Temperature (°C)

K,CO3 under Ar, N, or air atmospheres, compared with the weight change observed for 50 mol% NaNO;-50 mol%
KNO3. b)Rate of weight change with temperature for a 48.1 mol% NaNO;-48.1 mol% KNO3-1.9 mol% Na,CO;-
1.9mol %K ,CO3 under Ar, N, or air atmospheres and compared with the rate of weight change for the binary melt.

Thermal equilibrium thermogravimetric study

The weight loss observed for a 20 gram sample of 50 mol% NaNO;-50 mol% KNO; melt heated to temperatures
between 520 and 720°C under a nitrogen atmosphere and maintained at that temperature for 2 hours is shown in Figure
9a, and the weight losses at the same temperatures for the binary nitrate melt containing carbonate are shown in Figure

Figure 9b. The weight loss rates at each temperature calculated over a period of constant temperature (+ 2 degrees ),

shown solid lines in Figure 9. The weight loss rates are given in Table 1.
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Figure 9. a) Plot of weight change with time for the binary NaNO3-KNOj reference melt under a nitrogen atmosphere
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Table 1. Weight loss and rate of weight loss at constant temperature under a nitrogen atmosphere for the binary

nitrate molten salt and the binary mixture containing carbonate.

48.1 mol% NaNO3-48.1 mol% KNO3
50 mol% NaNO3-50 mol% KNO, -1.9 mol% Na,CO3- 1.9 mol% K,CO3
Temperature Rate of weight change Rate of weight change
(°c) (mg/min) (mg/min)
520 1+2 1+2
570 2.0£2 2.2+2
620 4.5+2 4.0£2
670 9.5%2 9.0+2
700 10.0+2
720 11.0+2
750 17.0+4 18.0+4

Previous gas analysis results showed that weight loss from the melt due to nitrate decomposition was small, then
most of the loss of weight is due to evaporation of volatile KNO; and NaNO; from the melt. An Arrenhius plot of the
evaporation rate from the thermal equilibration experiments for the melts is compared with the rates measured from
temperature scanning experiments in Figure 10. Within the uncertainty of the measurements, there is no difference in
the evaporation rate of salt from the binary melt and the carbonate containing melt. The evaporation rates from the

equilibrium experiments are an order of magnitude lower than that observed in Figure 8.
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5. Discussion
Nitrate-nitrite distribution and stability of binary KNO3;-NaNO3; melts

In nitrate based salts, the main decomposition reaction is the partial dissociation of nitrate-ion (NOj3) to nitrite-ion
(NO,") and oxygen (0O,) according to Equation 5:
NO; = NO, + %Oy ...[5]
The shift from nitrate to nitrite occurs slowly and is limited by the partial pressure of oxygen in the atmosphere

contacting the molten salt. The equilibrium constant for equation 5 is sexpressed as Equation 6;
Keg =[NO,]. pO,"/[NO;5] ...[6]



The equilibrium ratio from Equation 6, for the equimolar mixture NaNO3;-KNO3; has been measured by Nissen and
Meeker[23] over the temperature range 500-600°C. The upper temperature limit of complex nitrate mixtures is mainly a
function of the equilibrium nitrate/nitrite ratio (NO3 /NO, ). For example, in contact with air (pO, of 0.21 atm) the
equilibrium nitrite content in pseudo-binary KNO3-NaNQ; is 1.1 mol% at 500°C. This concentration increases to 5.7 mol%
NO, at 600°C. Increasing the nitrite content, reduces the activity of NO; in the melt and hence limits the extent of
decomposition by reaction 1, which increases the upper temperature of the stability range. However in air, the nitrite ion is
less stable than nitrate ion and can be decomposed or oxidised back to nitrate via the reverse reaction of Equation 1 or 5. A

generalised decomposition reaction for nitrite can also be given by Equation 7:
2NO, =0 +%, Oy + Ny
7

In the work of Raade and Padowitz[13], the thermal stability of the sample was defined as the temperature at which
the sample had lost a maximum of 3% of its weight during thermo-gravimetric analysis. Two atmospheres were used to
study melt stability; air and nitrogen, with significant differences observed between them. Under the non-equilibrium
heating conditions that occur in the small scale TGA measurement, mixtures containing nitrate/nitrite generally showed
higher thermal stability when tested in air. This was attributed to the oxidation of nitrite to nitrate producing an

increase in weight that masked the weight loss due to thermal decomposition.

This study shows that the composition of the gas atmosphere had a significant effect on the amount of NO, formed
during heating of a nitrate melt to temperatures of 1000°C. Mass spectroscopic analysis of gas in the binary system on a
3 gram melt sample of the reference binary mixture heated in an argon atmosphere observed that NO began forming at
temperatures above 600°C, N, and O, at 630°C and NO, at 670°C. The NO concentration was significantly greater
than that measured for NO, [8] and consistent with the NO, gas analysis of this study. However in this study, NO, was
detected at lower temperatures than observed by Olivares[8]. Gordon and Campbell [24] have also reported evolution of
nitreous fumes from the melt soon after melting, at temperatures of 100 to 300°C above the melting point. These results
suggest that non-equilibrium thermal heating influences the nitrate (and nitrite) decomposition and the volatilisation of
the salt.

The melt compositions studied in this work were not at chemical equilibrium during the temperature scanning
experiments and it can be assumed the equilibration time may still not have been long enough during the thermal
equilibration experiments for the NO; /NO, attain the equilibrium ratio. The nitrite ion concentration would be
expected to be lower than the equilibrium content.  This would tend to increase the activity of the nitrate ion and hence
encourage melt decomposition by reactions 1 and 3. However, the large weight changes observed in this study
compared to the low NO, contents in the gas stream strongly suggest that salt evaporation is the dominant cause for
mass loss at temperatures up to 1000°C. Although the decomposition reactions are of major concern for long term melt

stability, they are of secondary importance in this study.

Although not measured directly by gas analysis, and inferred by the weight loss of the sample, this study shows that
the major species in the gas during heating are the mixture components; NaNO; or KNO3;. At 700°C, under thermal

equilibrium conditions, the melt lost mass at a rate of 10 mg.min™ equivalent to losing 0.04% per minute to the vapour



phase. Assuming that the melt and vapour phases are in equilibrium (pnano3=Pkno3), the partial pressure of KNO3 and

NaNO; was 0.0012 atm.
Stability of the binary nitrate containing carbonate

Carbonate (Na,CO; or K,CO3) addition to nitrate melts does lower the liquidus temperature of the pure nitrate (KNO4
or NaNQ3) with only slight solubility in the nitrate at temperatures close to the eutectic [10]. The solubility does increase

substantially with temperature up to 800°C.

The experimental results of this study and of Olivares [8] suggest that during heating up to 1000°C, the carbonate
containing melts are more stable with respect to NO, evolution, N, and O, formation and weight loss. The onset of a 1%
weight loss occurred at ~ 605°C, compared to 555°C for the reference melt. The NO, measurements from the carbonate
containing melts in this study were at much lower concentrations than the reference; NO evolution began at the onset of

heating, but did not increase to the levels of the binary reference.

These results suggest that during heating conditions, the carbonate melts are more stable than the reference melt.
However when the melts are at thermal equilibrium, Figure 10 shows that there was no difference on the evaporation rate
from the binary or the carbonate containing nitrate melts. This also suggests that although carbonate addition should
reduce the concentration of the nitrogen species (NO3", NO,") in the melt, the activity of the species has not been reduced

if pxnos 1S equal to aknoz and similarly for sodium nitrate.

Figure 11 compares the predicted weight change for the binary melt and the carbonate containing melts from the MPE
thermodynamic model with the experimental data from this study. The experimental conditions (20g of salt heated at 10
C/min under N, flow at 730 ml/min) are used in the model calculation. The predicted weight loss from vaporization and
decomposition for the binary nitrate melt and the nitrate melt containing carbonate are nearly identical, which agree with
the experimental measurements under thermal equilibrium listed in Table 1. The differences between the binary salt and
the salt with carbonate addition are apparent only at temperatures above 800°C, which is due to the dilution effect of

carbonate. The weight losses predicted by the equilibrium model are much less than the non-equilibrium experiments.
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The possible cause for the apparent stability of the carbonate containing melts during non equilibrium heating may be
due to the low solubility of carbonate in the melt which increases with increasing temperature. Carbonate crystals
dissolve in the melt during heating and this requires additional energy compared to heating the binary NaNO3;-KNO; melt,

so the actual temperature of the carbonate containing melt may be lower than the reference melt.
Process implications of nitrate decomposition and high salt volatility

The use of nitrogen or air as a blanketing gas fixes the pN,, pO, (or both) and reduced the decomposition of nitrate in
the melt to produce NO,. With a nitrogen atmosphere, the average NO, partial pressure over the 250-750°C temperature
range was 25 ppm, equating to a decomposition rate of 1% per day. With an air atmosphere, the average concentration
was 17 ppm. Carbonate addition did not reduce the average NO, concentration, which was 40 ppm over the 250-750°C
temperature range, equivalent to 1.6% of the salt decomposing per day. Even a 1% decomposition rate may possibly be

too high for practical purposes in solar heat transfer/storage applications.

Although the decomposition of the nitrate salt to NO, at temperatures above 700°C is not a major contribution to
weight loss, the molten salt will still not be stable enough for long term use as a heat transfer fluid. Furthermore, the
volatility of the salt at these temperatures will also be a significant operational difficulty. From the data at 700°C, the
molten binary nitrate salt lost mass at a rate of 0.04-0.06 % per minute, with a partial pressure in the gas of 0.0012 atm of

NaNO; and KNOs;. This equates to over 55 to 85% of the mass of salt per day.

These calculations are based on a relatively large proportion of gas to melt (approximately 20 times ratiosO used in the
current experimental study. In solar applications the proportion of gas to melt may be much smaller than 0.1, as liquid salt
is pumped around the thermal storage loop. The mass of salt decomposing or volatilising in such situations may be far

less.

6. Conclusions

The impacts on the thermal stability of a binary NaNO3;-KNOj; reference melt at the eutectic composition of various

formulations were:

e The use of air or nitrogen decreased the concentration of NOXx in the gas phase from the thermal decomposition

of the nitrate salts in the melt.

e For all the melt compositions studied, during heating to 1000°C, the weight loss from the melt, far exceeded the
mass lost due to nitrate salt decomposition to NO,. Volatilisation of NaNO; and KNO3 or other volatile species from the

melt was attributed as the main reason for the weight losses from the melt.

e Addition of carbonate, Na,CO3-K,CO3, to the reference melt appeared to increase the thermal stability and
reduce volatility during heating to 1000°C. However this stability varied with heating rate, and under thermal
equilibrium conditions at 700-750°C, the carbonate containing melts lost weight at the same rate as the reference melt.
This also suggests that the thermodynamic activities of the nitrate salt were not greatly decreased by the carbonate

addition.



These results indicate that although the decomposition of the nitrate salt to NO, at temperatures above 700°C is not a

major contribution to weight loss, the molten salt will still not be stable enough for long term use as a heat transfer/storage

fluid. Furthermore, the volatility of the salt at these temperatures will present an operational challenge.
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