Int. J. Electrochem. Sci., 17 (2022) Article Number: 220131, doi: 10.20964/2022.01.18

International Journal of

ELECTROCHEMICAL

SCIENCE
www.electrochemsci.org

Corrosion Behaviour of 1018 Carbon Steel in LiBr-H,O-CaCls-
LINO3; Mixtures

A.K. Larios-Galvez!, R. Guardian-Tapial, R. LopeZ-SeseneSZ, J.G. Gonzalez-RodrigueZ] .

! Universidad Autonoma del Estado de Morelos, Centro de Investigacion en Ingenieria y Ciencias
Aplicadas, Av.Universidad 1001, 62209-Cuernavaca, Morelos, Mexico

2 Universidad Autonoma del Estado de Morelos, Facultad de Ciencias Quimicas e Ingenieria,
Av.Universidad 1001, 62209-Cuernavaca, Morelos, Mexico

“E-mail: ggonzalez@uaem.mx

Received: 5 October 2021 / Accepted: 1 November 2021 / Published: 6 December 2021

A study on the effect of CaClz, LiNOs and CaCl2+LiNOs to the LiBr-H20 system on the corrosion
behaviour of 1018 carbon steel was performed with the aid of electrochemical techniques such as
potentiodynamic polarization curves and electrochemical impedance spectroscopy. This system is used
in conventional refrigeration absorption systems. LiBr was used at different concentrations (283.3, 425
and 825 g/L) and temperatures (25, 50 and 80°C). Corrosion current density value, lcorr, Obtained in the
LiBr+H20 system decreased with the addition of these additives, obtaining the lowest value when CaCl;
was added. lcorr values increased with both an increase in the testing temperature and the LiBr
concentration. In addition to this, corrosion process for the LiBr-H.O system was under
desorption/desorption control, whereas in presence of these additives it was either under charge transfer
or reactants diffusion control depending upon the testing temperature or LiBr concentration.
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1. INTRODUCTION

Conventional, refrigeration absorption systems which operate by mechanical compression use
chlorofluorocarbon compounds which are dangerous for the ozone layer when they are exposed to the
atmosphere [1,2], and for this reason, new adsorption systems either work with solar energy or use waste
heat and use refrigerant compounds that do not cause any damage to the environment [3-9]. LiBr-H>O
is the most widely used working fluid in the adsorption systems due to their thermophysical properties
[10], where H20 is the refrigerant and LiBr the absorbent ; however, this working system produces high
crystallization temperature [11-13] and corrosion problems with the metallic components, for instance,
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for the ferrous alloys such as carbon steel [14, 15], stainless steel [16, 17] and non-ferrous materials such
as nickel [18], and cooper and its alloys [19, 20]. Due to its low cost, carbon steel is widely used in some
metallic components in the adsorption cooling systems, however, it is very susceptible to corrosion
problems in the LiBr+H>O working fluids [14, 15]. Therefore, many research works are currently carried
out with different working fluids used in refrigeration systems to find solutions to the problems
associated to corrosion, solubility, crystallization temperature, vapour pressure, chemical and thermal
stability, among others. Thus, Li proposed as absorber a ternary mixture, CaCl,+LiBr+LiNOs, for an
adsorption system based on one step that uses solar energy [21], whereas Li carried out a study by using
the de CaCl>+LiNO3s+KNO3+H,0 quaternary system [22], showing, in both studies, a decrease in the
vapour pressure and in the crystallization temperature. Torres [23] analysed the efficiency of an
adsorption thermal transformer by using as absorber a quaternary mixture which included
LiBr+Lil+LiNOs+LiCl+H.0, where the addition of Li salts improved the LiBr solubility. Bellos [24]
and Luo [25] evaluated the LiCl+H>0 and LiNO3z+H20 binary salts as working fluids in the adsorption
refrigerating system, finding a better efficiency with the presence of LiCl whereas the presence of LiNO3
decreased the system corrosion rate. In addition to this, working fluids containing organic compounds
such as LiBr+1-etil-3-methylimidazolium (EMIM)CI+H20. The presence of [EMIM]CI decreased the
crystallization temperature whereas the vapour pressure was similar to that found for the LiBr+H,O
system [26]. Thus, this research work focus on the corrosion behaviour of 1018 carbon steel in the
CaCl>+LiBr+LiNO3z+H-0 system at different testing temperatures and concentrations.

2. EXPERIMENTAL PROCEDURE

2.1. Testing material

Material used in this research work included a 6.0 mm diameter rode 1018 carbon steel
containing (wt. %) 0.14% C, 0.90% Mn, 0.03% P and balance Fe. Specimens were encapsulated in a
polymeric resin, polished using silicon-carbide paper 600 grade. The samples were finally washed with
acetone and then distilled water before use.

2.2. Testing solutions

Tests were carried out using LiBr+H2O as base solution in concentrations of 850, 425 and 283.3
g/L [27] to see the effect of solution concentration. In order to see the individual effect of CaCl, and
LiNOs salts, some tests were in solutions containing mixtures of CaCl>+LiBr(1.35:1) + H20, [21,22]
LiBr+LiNOs (4:1) +H.0. [28] Finally, in order to see the combined effect of CaCl. and LiNOs, a solution
containing CaCl>+LiBr+LiNO3(8.72:1:1)+H>0 [29] was evaluated. When the concentration of LiBr was
changed, the CaCl,/LiBr, LINO3/LiBr and CaCl>-LiBr-LiNOg ratios were keptat 1.35:1, 4:1and 8.72:1:1
respectively. All these tests were carried out at 80°C. Finally, in order to see the effect of temperature,
solution containing CaCl,+LiNO3z+LiBr +H20 containing 850 g/L LiBr were evaluated at 25 and 50 °C.
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2.3. Electrochemical techniques

Electrochemical techniques used in the present research work includes potentiodynamic
polarization curves and electrochemical impedance spectroscopy (EIS). To achieve this, a three
electrodes cell was used, using graphite rode as auxiliary electrode, whereas a silver/silver chloride
(Ag/AgCI) electrode was used as reference. Before starting the tests, the open circuit potential value
(OCP) was monitored and waited until it reached a stable value. Potentiodynamic polarization curves
started at a potential value 600 mV more negative than the free corrosion potential value, Ecor, and
ending at 1,200 mV more anodic than Ecorr at a sweep rate of 60 mV/min. Corrosion current density
values, lcorr, was calculated with the aid of the Tafel extrapolation technique. Finally, EIS experiments
were carried out at the Ecorr Value by polarizing the specimens £ 10 mV in the frequency interval of 0.01-
100 KHz by using Gill AC Serial 1340-Sequencer. Selected specimens were analysed in a low vacuum
LEO 1450VP scanning electronic microscope (SEM) after being corroded.

3. RESULTS AND DISCUSSION

3.1 Open circuit potential

The effect of testing temperature on the variation of the open circuit potential value (OCP) with
time for the different mixtures containing 850 g/L LiBr is given in Fig. 1. At 25 °C, Fig. 1 a, it can be
seen that the OCP value for the base LiBr+H>O solution rapidly shifts towards more active values,
indicative of the dissolution of any pre-formed corrosion products layer on the steel surface [30].

The same trend had the OCP values for solutions when either CaCl> or LiNO3 were added,
although the value observed for the later was more active, whereas that observed for the former was
nobler. However, when both CaCl, and LiNO3z were added, the observed OCP value was the noblest,
indicating the formation of a more protective corrosion products layer onto the steel surface [30].
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Figure 1. Effect of the addition of CaCl, and LiNOs to LiBr/H20 (850 g/L) on the OCP value for 1018
carbon steel at a) 25, b) 50 and c) 80 °C.

When the testing temperature increased up to 50 °C, Fig. 1 b, all the OCP values remained
relatively constant with time, but they were more active than those observed at 25°C, indicating a higher
tendency of the metal to be corroded. This time, the most active OCP value was observed for the solution
containing CaCl, whereas the noblest value was observed in the solutions containing either only LINOs
although after 3600 s of testing its value was very close to that observed in the solution containing
CaCl>+LiNOs. When the temperature reached 80°C, Fig. 1 c, the OCP values became even more active
than those observed at 50 and 25°C, remaining very stable as time elapsed. Once again, the most active
OCP value was observed for the solution containing CaCl», whereas the noblest one was observed for
the solution containing LiNOs. Thus, it is clear that an increase in the testing temperature made the OCP
values to become more actives, whereas, at least at 50 and 80 °C, the addition of CaCl; to the LiBr+H>0
mixture made the OCP value more active, whereas the addition of LiNOs made this value to become
nobler. The addition of both CaCl>+LiNOs to the LiBr+H>O mixture made the OCP value nobler than
that obtained in this mixture but slightly more active than obtained with the addition of LiNOs at least
at 50 and 80 °C.

The OCP values at the LiBr concentrations of 283.3 and 425 g/L at 80°C are shown in Fig. 2. As
compared to the OCP value obtained for pure LiBr+H>O at a concentration of 850 g/L, it was virtually
unaffected by the change in its concentration, since in all cases it fluctuated around a value of -550 mV,
and kept that value during the rest of the experiment. The addition of either LiNOzalone to the LiBr+H>O
mixture shifted the OCP values towards nobler values at both LiBr concentrations, whereas the addition
of CaCl: shifted it towards more active values.
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Figure 2. Effect of the addition of CaCl; and LiNO3 to LiBr/H>O on the OCP value for 1018 carbon
steel at a LiBr concentration of a) 283.3, b) 425 and c) 850 g/L at 80 °C.

3.2 Polarization curves

The effect of the addition of CaCl, LiNOs and CaCl>+LiNOg to the LiBr+ HO solution on the
polarization curves of carbon steel at different testing temperatures is shown in Fig. 3. At 25 °C, Fig. 3
a, data for the LiBr+H20 solution displayed an active-passive behaviour, with a wide passive zone which
extends from a potential value of -800 mV and ends at a potential value close to -410 mV. This passive
layer has been reported by Liang [31] as well as by Hu [32] to be due to the formation of a layer of Fe2O3
on top of steel surface. Passive current density value, Ipas, was around 20 nA/cm?, similar to the value
obtained by Hu for carbon steel in 55% LiBr+ 0.07 mol/L LiOH solution, who found an lpss value of 15
nA/cm? [32]. On the other hand, Liang [31] found that, in addition to the Fe,Os film formed on top of
carbon, the presence of FesO4 was also noticed, being the dominant the former. The formation of FezOs
was explained as follows:

Anodic reaction:

3 Fe — 3 Fe?" + 6e (1)
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2Fe+60H— Fe203 + 3H20 + 6e (2)
Cathodic reaction:
2H>0 +2e — 20H + H> (3)
whereas the formation of FesO4 was explained according to:
Fe** + H,0 — FeOH" + H* (4)
3FeOH" + H,O — Fe304 + 5H™ + 2e (5)
2H" +e — H> (6)

The addition of either CaCl,, LiINO3 or CaCl>+LiNO3 to the LiBr+H20O solution did not affect
the active-passive behaviour, since in all cases a passive zone was present in the polarization curves.
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Figure 3. Effect of the addition of CaCl, and LiNOs to LiBr/H20 (850 g/L) on the polarization curves
for 1018 carbon steel at a) 25, b) 50 and c) 80 °C.
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The addition of LiNOs decreased the lcorr Value obtained in the LiBr+H2O solution, since it is
very well known the fact that LINO3 forms a protective film [25, 28, 29] For instance, Sarmiento-Bustos
[33] working with 1018 carbon steel in the LiBr + ethylene glycol + H,O mixture, found that polarization
curve in absence of LiNOs displayed an active behaviour only, whereas with the addition of 5 ppm of
LiNOg, the presence of a passive zone was evident. Similarly, the addition of CaCl>+LiNOgz brought a
decrease in the Icorr Value, lower than that obtained with the addition of LiNOs, however, the lowest lcorr
value was obtained with the addition of CaCl.. It is well known that CacCl: is highly corrosive to most
of metals, including carbon steel and stainless steels [34, 35]. Ren found that corrosion rate for carbon
steel in CaCl, solution increased with the temperature from 30 to 80° but it decreased with time due to
the formation of a passive film. Similarly, Itoh [36] found that corrosion rate of carbon steel in
concentrated LiBr+CaCl, mixed solution decreased with time due to the formation of a thick layer of
corrosion products film on top of steel. Important to notice that the pitting potential value, Eyit, for the
LiBr+H20 mixture was slightly increased with the addition of either CaCl,, LiNO3 or CaCl,+LiNOs.
The passive behaviour displayed by polarization curves was maintained in all cases at 50°C, as shown
in Fig. 3 b.
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Figure 4. Arrhenius type of plot for the lcorr Value of 1018 carbon steel immersed in LiBr/H20 containing
CaCl; and LiNOsa.

The highest lcorr Value was obtained in the LiBr+H>O mixture, but it was lowered with the
addition of LiNOg; the lowest one was obtained with the addition of LiCl>. When the testing temperature
reached 80°C, Fig. 3 c, there was no evidence of a passive layer on the polarization curve for the
LiBr+H>O mixture but only anodic dissolution. However, polarization curves for the addition of CaCly,
LiNOz and CaCl,+LiNOs displayed an active-passive behaviour. However, the passive zone observed
for the addition of LiNOs to the LiBr+H>O mixture was narrower than that obtained for addition of either
CaCl; or CaCl2+LiNOs. The addition of either CaClz, LiINOz or CaCl2+LiNOgz decreased the lcorr Value
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obtained in the LiBr+H2O mixture, obtaining the lowest value when CaCl, was added in to the system
for nearly two orders of magnitude.
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Figure 5. Effect of the addition of CaClz and LiNOs to LiBr/H2O on the polarization curves for 1018
carbon steel at a LiBr concentration of a) 283.3, b) 425 and c) 850 g/L at 80 °C.

An Arrhenius type of plot for the lcorr value for the different systems is given in Fig. 4 indicating
an increase in the lcorr value with an increase in the testing temperature. With an increase in the testing
temperature, molecules can collide more frequently and with more energy which increases the corrosion
rate [37]. Similar plots for lcorr Values obtained for carbon steels in LiBr solutions have been reported
previously. For instance, Guifion [38] found a similar trend between when plotted lcorr-vs-1/T for 1015
carbon steel in 400 g/L of LiBr+H-O solution in a temperature interval between 25 and 80 °C. Similar
trend was reported for nickel-base alloys and Alloy 900-type stainless steel in a solution containing 992
g/L LiBr+H>0O in the temperature interval between 25-80°C [18]. It is clear that with an increase in the
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testing temperature, the lcorr Values increased for all the different systems which may be to an increase
in the aggressiveness of Br- and the loss of protectiveness given by passive film [5, 18, 38]. However,
this effect is less pronounced for lcorr Values obtained when LiNO3 was added to the LiBr+H>O mixture.
The highest obtained lcor Value, was in the LiBr+H20 mixture, whereas the lowest value was obtained
when CaCl; was added to the LiBr+H,O mixture.
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Figure 6. Effect of the addition of CaCl, and LiNOs to LiBr/H2O on the lcorr value for 1018 carbon steel
at different LiBr concentrations.

Polarization curves for 1018 carbon steel in the LiBr+H>O mixture at different LiBr
concentrations and with the addition of LiNO3, CaCl; and CaCl+LiNOs at 80° C are shown in Fig. 5.
We want to make emphasis that in these solutions, the CaCl2/LiBr, LiNO3/LiBr and CaCl>-LiBr-LiNO3
ratios were kept at 1.35:1, 4:1 and 8.72:1:1 respectively. It can be seen that for the LiBr+H20 mixture,
data displayed an active-passive behaviour at low LiBr concentrations except at the highest LiBr
concentration, where polarization curve did not show an active-passive behaviour, only an active
behaviour. The passive zone exhibited by carbon steel became narrower as the LiBr concentration
increased until this passive zone was absent at the most concentrated LiBr solution. Regardless the LiBr
concentration, the addition of either LiNO3z or CaCl> or their combination to the LiBr+H>O mixture kept
the passive behaviour of carbon steel and decreased the lcorr Value, obtaining the lowest value when
CaCl; alone was added. A plot of lcorr Versus LiBr concentration without and with the addition of either
LiNOs or CaCl; or their combination is shown in Fig. 6, where it can be seen that, generally speaking,
the lcorr Value increased with an increase in the LiBr concentration. Guifion [18] found a similar trend for
1015 carbon steel in LiBr+H2O by changing the LiBr concentration from 100 to 700 g/L at 80 °C. They
reported that the LiBr concentration did not affect the lcorr Value for pure Ti, but it had a similar effect
for 4145 low alloy high strength steel, whereas the effect was more pronounced for 316 type stainless
steel.
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3.3 Electrochemical impedance spectroscopy.
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Figure 7. Effect of the addition of CaClz and LiNOs to LiBr/H20 (850 g/L) on the Nyquist diagrams for
1018 carbon steel at a) 25, b) 50 and c) 80 °C.

The effect of the addition of CaCl,, LiNOs and CaCl>+LiNOs to the LiBr+H20O solution on the
Nyquist plots of carbon steel at different testing temperatures is shown in Fig. 7. It can be seen that at
regardless the temperature, a capacitive loop was observed in the Nyquist plots in the LiBr+H>O solution
at high and intermediate frequencies, whereas at the lowest frequency values, an inductive semicircle
could be seen, indicating that the corrosion process controlled by the adsorption/desorption of some
intermediate species such as FeOH™ in reaction (4) above. The addition of either LiNO3 or CaCl;
modified this corrosion mechanism at the three different testing temperatures. Thus, at 25 and 50 °C,
data displayed a single capacitive loop over all the testing frequencies, which is evidence that the
corrosion process is under charge transfer control, and their addition increased the semicircle diameter
obtained in the LiBr+H>O solution which increased in the following order: CaCl, > LiNOs; >
CaCl,+LINO3 > LiBr+H>O. At 80 °C, however, when these salts were added, a corrosion process
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controlled by charge transfer and the diffusion of reactants was evident due to the presence of a
capacitive loop at the highest frequency values followed by a straight line at tower frequencies in the
Nyquist diagrams just as reported elsewhere [5, 31,39].
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Figure 8. Effect of the addition of CaClz and LiNOgz to LiBr/H20 on the Nyquist diagrams for 1018
carbon steel at a LiBr concentration of a) 283.3, b) 425 and c) 850 g/L at 80 °C.

When the LiBr concentration was decreased, Fig. 8, the diffusion effect was kept only when both
salts, i.e. CaClo+LiNOz were added in to the LiBr+H2O system. Nyquist diagrams obtained with the
addition of either CaCl, or LiNOs displayed a single capacitive semicircle at all the frequency values,
indicative of a charge transfer controlled corrosion process.

Thus, based on the obtained EIS results, three kind of equivalent electric circuits as those shown
in Fig.9 can be used to simulate these results. The solution resistance are represented by Rs in Fig. 9,
whereas the double layer properties such as charge transfer resistance and its capacitance are represented
by Rct and Caqi respectively, the corrosion products film properties such as resistance and capacitance are
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Rf and Cs, and the Warburg impedance due to the reactants diffusion effect is represented by W, Ry its
resistance, L the inductive element, Ry its resistance.

Rs \—mw W B

|
Figure 9. Electric circuits used to simulate EIS data for 1018 carbon steel immersed in a) LiBr+H20 b)
LiBr+H>O+CaCl> or LiNOs at 25 and 50°C, and c) LiBr+H>O+ CaCl> or LiNOs at 80°C.

Because the metal surface has some roughness due to its dissolution and to the presence of some
heterogeneities, ideal capacitance is replaced by a constant phase element, CPE, which has an
impedance, Zcrg, given by:

Zcpe = [Yo(im)"] (7

where Yo is a proportional factor and n has the meaning of a phase shift. When n = 0, CPE
represents a resistance, when n = 1, a capacitance, when n = —1, an inductance, and when n = 0.5, a
Warburg element, w is the angular frequency (rad s—1), and i? is = —1 is an imaginary number. Resulting
parameters from the use of circuits given in Fig. 9 for tests at different temperatures are shown in table
1.

This table shows that the Rct values decreases as the testing temperature increases whereas the
CPEaq value increases due to an increase in the electrolyte aggressiveness as shown by the lcor
dependence on the temperature as given in Fig. 4. The lowest Rt obtained values were for the LiBr+H>0
system, whereas the highest ones were obtained with the addition of CaCls, in agreement with results
given by polarization curves, Fig. 3. The increase in the R¢ values with the addition of either CaCly,
LiNOs or both is due to the formation of a much more compact passive layer and to an improvement in
the steel corrosion resistance. The corrosion products film resistance, R¢, were lower than those for Ret,
and decreased as the testing temperature increased. On the other hand, the diffusion layer resistance, Rw,
resulted in a maximum value when CaCl, was added, whereas the lowest value was obtained for the
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addition of CaCl>+LiNOs3. For the LiBr+H.O system, the inductive element resistance value, Ry,
decreased in a similar way as the other resistances values when the testing temperature increased.

Table 1. Electrochemical parameters used to fit EIS data for 1018 carbon steel in LiBr+H>O containing
CaCl; and LiNOsa.

Solution Temp. Ret CPEqy R¢ CPE;¢ Rw Re
(°C) (ohm cm?) (ohm?s")  (ohmcm?)  (ohm™s" (ohmcm?)  (ohmcm?)
25 430 1.8x10% e 90
LiBreH0 - gy 190 5OXLO® e e e 68
80 50 2.0x10° e e e 39
LiBr+HO 25 900 3.3x10* 820 59%10-4  --meeem -
+Cacly 50 510 8.8 x 10 230 1.0 x 10-3
80 205 1.6x10°% e e <10 —
LiBr+H,O 25 710 1.8 x10* 300 9.1x10%  —em s
*LINGs 50 530 4.7x 10 23 62
80 165 6.4x10° e e 102 -
LiBr+HO 25 525 3.3x10* 50 38 -
+CaCl; 4
+LINOS 50 400 6.3 x10 20 25 e e
80 150 1.3x10°% e e 75 e

3.4 Surface morphology analysis.

SEM micrographs of corroded specimens in the different systems at 25 and 80°C are shown in
Figs. 10 and 11 respectively. It can be seen that, specimen corroded in the LiBr+H2O system at 25°C,
Fig. 10 a, surface morphology shows the presence of pits in combination with a generalized type of
corrosion, but when CaCl, was added to the system, Fig. 10 b, surface morphology exhibits a very
smooth surface, evidence that the damage due to the action of the electrolyte is very low in agreement
with all the results given above. On the other side, specimen corroded in LiBr+H20+ LiNO3, Fig. 10 c,
surface steel shows the absence of pits with a combination of uniform type of corrosion. Finally, for
specimen corroded in LiBr+H>O+ CaCl>+LiNO3, Fig. 10 d, some combination of some localized and
uniform type of corrosion can be seen product of the localized attack produced by chloride ions and the
passivation given by nitrate. For specimen corroded in the LiBr-H,O system at 80°C, Fig. 11 a, a much
rougher steel surface as compared with the test carried out at 25°C, Fig. 10 a, showing some uniform
type of corrosion in combination with what looks like a localized type of corrosion but not precisely pits.
On the other hand, specimen corroded in presence of CaClz, Fig. 11 b, shows a very smooth surface,
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evidence that the damage done by the environment was very low, in combination with some pits.
Specimen corroded inLiBr+LiNOgz, Fig. 11 c, shows a smooth surface in combination with a type of
localized type of corrosion, very similar to that exhibited by the specimen corroded in presence of CaCly,
Fig. 11 b. Finally, specimen corroded in LiBr+CaCl,+LiNOs, Fig. 11 d, surface morphology exhibited
a combination of some localized and uniform type of corrosion just like the surface morphology fond
for steel corroded in the same system but at 25°C, Fig. 10 d.

Figure 10. SEM micrographs of 1018 carbon steel corroded in a) LiBr+H20, b) LiBr+H,O+CaCly, c)
LiBr+H,O+LiNOs3 and d) LiBr+H>0O +CaCl>+LiNOs at 25°C.
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Figure 11. SEM micrographs of 1018 carbon steel corroded in a) LiBr+H20, b) LiBr+H,O+CaCly, c)
LiBr+H,0+LiNO;3 and d) LiBr+H,0 +CaCl.+LiNOs at 80°C.

4. CONCLUSIONS

Polarization curves have shown that the steel forms a passive layer on its surface in the LiBr-
H>0 mixture which did not exist at the highest temperature, i.e. 80°C or at the highest concentration, i.e.
800 g/L. Instead, polarization curves with the addition of either CaClz, LiNOz or CaCl>+LiNOs presented
a passive layer at all temperatures or concentrations and reduced the lcorr Value, which increased with the
testing temperature and with the LiBr concentration. The lcorr Value increased in the following order
CaCl, < CaCl>+LiNOs3 < LiNOs < LiBr+H20. Regardless the testing temperature or LiBr concentration,
corrosion process in the LiBr+H2O mixture was controlled by the adsorption/desorption of some
intermediate species. On the other hand, corrosion process in the LiBr+H>O mixture with the addition
of either CaCl,, LiNOsz or CaCl,+LiNO3 was controlled by charge transfer at 25 and 50°C and under
diffusion control at 80°C.
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