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ABSTRACT: To determine the influence of the aluminum
content in the sodium zirconate during the CO, chemisorption
process, specific compositions in the Na,(Zr,_,Al)O;_,/, solid
solution were produced. The synthesis was performed in order to
restrict the aluminum crystalline sites to tetrahedral positions,
substituting zirconium atoms. Samples were characterized using X-
ray diffraction, N, adsorption—desorption and *’Al solid-state
nuclear magnetic resonance. Then, samples were tested as CO,
captors using dynamic and isothermal analyses. Additionally, ionic
conduction experiments were performed in different sodium
containing phases to determine the effect of these phases in the
CO, chemisorption process. Results showed that there are several
factors that determine the CO, chemisorption in the pristine
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Na,ZrO; and compounds of the Na,(Zr,_,AL)O;_,, solid solution. Some of these factors are the presence or absence of

different structural vacancies, as well as the presence of different phases in the carbonated external shell.

B INTRODUCTION

Different alkaline ceramics show excellent CO, capture
properties. "> Some of these ceramics are lithium silicates
(LigSiOg, Li,SiO,, and Li,SiO,),>**'V13728 [ithium aluminate
(LisAlO,),>* lithium zirconate (Li,ZrO;),*°"* sodium
silicate (Na,SiO;),* and sodium zirconate (Na,ZrO,). %%~
The CO, chemisorption mechanism on these ceramics has
already been proposed. Initially, CO, chemisorption is
produced over the ceramic surface, which implies that an
external shell is formed. The external shell is composed of the
corresponding alkaline carbonate (lithium or sodium carbo-
nate), as well as alkaline secondary phases and/or metal oxides.
Once the superficial CO, chemisorption is completed, the CO,
chemisorption can be reactivated if the temperature is increased
to promote different diffusion processes throughout the bulk of
the material 13/1430-3246-5053

Among all the lithium and sodium ceramics proposed as
possible CO, captors, sodium zirconate (Na,ZrO;) seems to
possess very good CO, capture properties, such as a wide
temperature range of CO, chemisorption, good cyclability, and
good kinetic properties, among others.>>*3*#¢~45152 Ng, 7,0,
has a monoclinic crystalline structure with lamellar building
blocks, where sodium atoms are located among the (ZrO;)*~
layers, which favors sodium diffusion processes.*” It has been
proven that during the CO, capture on sodium or lithium
ceramics, different diffusion processes are the limiting step of
the whole reaction.>”?¥*7*#%395% Thys once the CO,
chemisorption reaction covers the ceramic surface, an external
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shell is formed as it was previously mentioned. In the Na,ZrO,
case, the Na,CO;—ZrO, external shell possesses very
interesting textural properties. The Na,CO;—ZrO, composite
is mesoporous, when the reaction is produced at T < 550 °C.
Consequently, the CO, chemisorption is not stopped, as CO,
molecules can diffuse through these pores to reach the
Na,ZrO; fresh surface, continuing the CO, chemisorption
process. Now, if the CO, chemisorption process is produced at
temperatures higher than 550 °C, the Na,CO;—ZrO, external
shell sinters, and the mesoporosity is no longer present. Thus,
at T > 550 °C the CO, chemisorption is controlled by
intercrystalline diffusion processes.*®

In order to enhance the CO, chemisorption on these
ceramics, different structural and/or chemical modifications
have been carried out. For example, different solid solutions
such as Li, ,NaZrO,, Li;,Al;,SiO,, Li;,Fe,;SiO,, and
Li, ,Na,SiO,>**>> have been evaluated as possible CO,
captors. In general, all these solid solutions have shown an
improvement on different properties of the CO, chemisorption,
for instance, efficiency and kinetic properties, in comparison to
their respective pure alkaline ceramics. The improvements
observed on the different solid solutions have been attributed
to the point defect formation into the lattice or to the
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secondary phase formation, and these improve diffusion
processes, which are the limiting steps of the CO, capture.

In this respect, some thermodynamic considerations have
been proposed. Thangadurai and Weppner*® proposed the
synthesis of the Li,SiO, solid solution with different metal
oxides having more negative Gibbs formation free energy
(AGy) than SiO,. The metals reported were M = B, Al, Ga, and
Cr. In all the cases, when the M—O bond attraction was
increased, the Li—O interaction decreased, and consequently
the lithium ion conductivity was improved. Later, Ortiz-
Landeros et al.'* used the same considerations to produce the
Li,,,Si;_Al,O, solid solution. The solid solution compounds
showed better CO, chemisorptions than pure Li,SiO,.
Specifically, this solid solution importantly improved the CO,
capture temperature range and efficiency. Therefore, if the same
thermodynamic considerations are used for the Na,ZrO;, then
the addition of aluminum must decrease the Na—O interaction,
and consequently the CO, capture can be enhanced as the AG;
of Al,0; (—1582.3 kJ/mol) is more negative than that of ZrO,
(—1042.8 kJ/mol). Thus, the aim of the present work was to
determine different diffusion processes on the Na,(Zr—Al)O,
system using structural, microstructural, and ionic conductivity
techniques. The aluminum structural positions were evaluated,
since it can be located at octahedral (sodium positions) or
tetrahedral (zirconium positions) crystalline sites.

B EXPERIMENTAL SECTION

Na,ZrO; and nominal Na,(Zry4Aly;)0, solid solution were
synthesized via a solid-state reaction. Samples were obtained by
mixing mechanically the stoichiometric amounts of zirconium
oxide (ZrO,, 98.0% Spectrum), sodium carbonate (Na,COs,,
MCB lab), and aluminum nitrate (AI(NO;); 9H,0, 98.0%
Aldrich), adding 10 wt % excess of sodium carbonate in all the
cases to compensate for the sublimation effect.’® Reagent
mixtures were calcined at 900 °C for 6 h. It is worth
mentioning that other compounds of the Na,, (Zr,_,Al)O;
solid solution (Na,;(ZryAly;)O5 and Na, 5(Zr,,Al,;)O;) were
prepared and analyzed for comparison purposes, following the
same synthesis procedure and the corresponding stoichiometric
amounts.

The crystalline structure of the samples was determined by
powder X-ray diffraction (XRD). Furthermore, 2’Al solid-state
NMR experiments were evaluated to determine the aluminum
distribution in all compositions of the solid solution. Solid-state
NMR spectra were acquired on a Bruker Avance II
spectrometer with a magnetic field strength of 7.05 T,
corresponding to a *’Al Larmor frequency of 78.3 MHz.
Short single pulses (7/12) with a recycle time of 0.5 s were
used. Samples were packed into zirconia rotors of 4 mm o.d.
The *’Al chemical shift was expressed as ppm from an aqueous
solution of AI(NO,); as an external standard.

Microstructural properties of the materials were analyzed by
N, adsorption—desorption, using a Minisorp II equipment from
BEL Japan. N, adsorption—desorption isotherms were
measured at 77 K, and before these experiments, samples
were outgassed at room temperature for 24 h, under vacuum.
The surface areas were calculated with the BET model. Then,
different thermogravimetric CO, chemisorption experiments
were performed using a thermobalance QSO0HR, from TA
Instruments. Initially, samples were dynamically heated from
room temperature to 850 °C at 5 °C/min, using a CO, gas flow
of 60 mL/min (Praxair, grade 3.0). Subsequently, a consecutive
isothermal analysis was performed on the samples. Samples
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were heated to 200 °C and then this temperature was kept for 1
h. After that, the temperature was increased by 50 °C and
isothermically treated for another hour. This procedure was
continued up to 850 °C. It must be mentioned that all the
samples were previously activated at 850 °C for 1 h in a N,
(Praxair, 4.8 grade) flow before the CO, capture experiments
were carried out.

In addition, ionic conductivity (o) measurements were
performed for different sodium phases involved in this
chemisorption system (Na,ZrO;, Na,(Zry4Aly1)0, s,
Na,CO;, and NaAlO,). For these experiments, fine grain
powders of Na,ZrO;, Na,(ZryoAly;)0,0s, Na,CO;, and
NaAlO, were pressed in the form of pellets of about 1 cm in
diameter and 0.1 cm in thickness. Then, each pellet was heated
at the sintering temperature of each compound, and the top
and bottom pellet surfaces were coated with gold (as oxygen-
ion blocking electrode), using a sputtering technique. The
pellets were separated in two sets according to their resistance:
set number one for the high-resistance samples (Na,ZrO; and
Na,(ZrgoAly;)O,05), and set number two for the higher-
resistance samples (NaAlO, and Na,CO,). Measurements were
performed in a quartz cell coupled to a vacuum system (800—
700 mTorr) and heated between 400 and 800 °C. Both sample
sets were analyzed using the two-point DC technique, with
platinum wires as electrodes. In set number one a LakeShore
120 current source was used, with and an Agilent 34401A
multimeter to measure the voltage drop, while in set number
two a Keithley 6514 electrometer was employed.

B RESULTS

Na,ZrO; and Nay(ZryeAly;)O,9s solid solution were charac-
terized by XRD (data not shown), and as it could be expected,
both diffraction patterns matched with the 35—0770 JCPDS
diffraction file, which corresponds to the monoclinic Na,ZrO;
crystalline phase. The presence of any other phase was not
observed in those diffractograms and there were not significant
differences between them.™® After the crystalline verification of
both samples, some microstructural properties were determined
by N, adsorption—desorption (Figure 1). Both samples showed
N, adsorption—desorption type II isotherms, with a very
narrow H3-type hysteresis loop, according to the IUPAC
classification.””*® This behavior corresponds to nonporous
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Figure 1. N, adsorption—desorption isotherms of the Na,ZrO; and
Na,(Zry9Aly;) 0,95 solid solution samples.
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materials frequently obtained by solid state synthesis. Then, the
surface areas were measured using the BET method, obtaining
very similar values, ~0.7 m?>/g, in both cases.

After the characterization, dynamic thermogravimetric
experiments were performed on Na,ZrO; and Na,(Zr,4Aly;)-
0,5, using a CO, atmosphere. Initially, both samples depicted
the typical CO, chemisorption behavior observed for
Na,Zr0;,***~° with some important semiquantitative differ-
ences among them (Figure 2). At low temperatures (30—275
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Figure 2. Dynamic thermogravimetric analysis of the Na,ZrO; and
Na,(ZryoAly;)O, 65 solid solution samples in a CO, flow.

°C), samples presented an initial CO, chemisorption, which
has been associated with a superficial process.”*’ > In fact, the
initial chemisorption produces an external shell composed of
Na,CO; and ZrO,. In addition, NaAlO, must be produced in
the Na,(Zry4Aly ;)05 case. Between 275 and 400 °C there is
a small desorption process (associated with the weight loss)
followed of a lag period of time. These changes correspond to a
dynamic superficial CO, chemisorption—desorption equili-
brium. Finally, at T > 400 °C different diffusion processes are
activated and the CO, chemisorption can continue through the
particle bulk>%**>°

Although both samples presented the same general behavior,
there were some important differences among them. At low
temperatures, T < 275 °C, the CO, weight increment observed
in the samples varied considerably. While Na,ZrO; increased its
weight in 9.2%, the Nay(Zry4Aly;)O,05 sample captured only
3.8 wt % of CO,. Additionally, the weight increment slopes of
both curves were significantly different, in the same temper-
ature range: 0.05 and 0.02 wt %/°C for Na,ZrO; and
Na,(ZryoAly1)O,0s, respectively. This important difference
cannot be explained in terms of the microstructural character-
istics, as both samples presented very similar surface areas (0.7
m?*/g). Additionally, it has been reported that aluminum
addition into the Na,ZrOj structure increases the CO, capture
at low temperatures,”® which seemed to be a contradictory
result. In this previous report,*® the samples were structurally
different to those presented herein, as the aluminum atoms
were randomly located in sodium (octahedral coordination)
and zirconium (tetrahedral coordination) crystalline positions
producing different Na,ZrOj; structural defects, which are
represented according to the following Kréger—Vink notation:

x/2)Al,0.
Na,ZrO, (DAL, (Na,_; Al )ZrO,
— Nay, + Al + 2Vy, + Zr;, + O, (1)

(x/2)Al,0.
— NaZ(Zrl—xAlx)O3—x/2

— Nay, + Zr,, + Al + 1/2V + O (2)

Na,ZrO,

However, in the present Al-containing Na,ZrO; solid-
solution (Na,(ZryeAly;)0,s) the */Al solid-state NMR results
showed a different structural organization. Figure 3 shows that
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Figure 3. 27Al solid state NMR spectra of the Na,(ZryoAly;)0, s
Na, ;(ZryAly;)O; and Na, 5(Zr,,Aly;)O5 solid solutions.

Na,(ZryoAly;)O,9s only presents one NMR peak located at
around 68 ppm, which corresponds to the tetrahedral
coordination.”” In other words, aluminum atoms are only
located at the zirconium crystalline positions.

Therefore, only the second Kroger—Vink reaction must
apply in the present sample. This structural variation may have
induced the CO, capture decrement observed at low
temperatures on the Na,(Zry4Al;;)O, 45 sample, in comparison
to the previously reported samples. It seems that sodium
vacancies play an important role in the CO, chemisorption at
low temperatures.

To corroborate this hypothesis, other two samples were
prepared: Na,(Zry4Aly;)O; and Na,;(Zry,Al ;)O;. These
solid solution compounds were synthesized seeking to reduce
the presence of sodium vacancies, but at the same time
increasing the aluminum substitution at the zirconium
crystalline positions. Figure 3 shows the *’Al solid-state RMN
spectra of these samples. It is clearly evident that
Na,(Zry 4Aly1)0,95 (the initial compound) and
Na,;(Zry4Aly;)O; only present an ’Al NMR peak at around
68 ppm, which corresponds to the tetrahedral coordination.
Thus, the aluminum atoms are located at zirconium crystalline
positions. However, in the Na,;(Zr,,Aly;)O; case, a second
*’Al NMR weak peak appeared at 5 ppm, which indicates that a
few aluminum atoms are located at the sodium crystalline
positions (octahedral coordination®”). In these cases the first
Kroger—Vink reaction may be the most appropriate. Never-
theless, another possibility is shown by the following Kroger—
Vink equation, in which there is not any kind of vacancy, but
interstitial sodium atoms are produced:
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(x/2)(Al,0,4+Na,0)
Na,ZrOQ, ————— Na,, (Zr,_,Al )O,
— Nay, + Na; + Zr, + Al + O (3)

Figure 4 shows the CO, capture thermograms of these four
samples between 30 and 275 °C. As it could be expected, the
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Figure 4. Dynamic thermogravimetric analysis of the Na,ZrOs;,
Na,(Zrg9Aly;1)Os05) Nagy(Zrg9Aly; )O3 and Nay3(Zry;Aly3)O; solid
solutions in a CO, flow.

CO, chemisorption decreased at low temperatures, as follows:
Na,ZrO; > Nay(ZroAly;)Og9s > Nayy(ZrgsAly,)O; >
Na, 5(Zry,Aly3)O;. This can be explained in two ways. First,
if the third Kréger—Vink reaction occurs, the absence of
sodium vacancies reduces the CO, chemisorption, although the
total sodium amount increased, as interstitial sodium atoms
were produced. It must be pointed out that the corresponding
solid solutions, previously reported,50 with aluminum atoms at
tetrahedral and octahedral positions, presented the highest CO,
chemisorption at low temperatures, but in those cases the
presence of octahedrally coordinated aluminum was impor-
tantly higher than in the present Na,;(Zry;Aly;)O; sample,
confirming the relevance of the vacancies on the CO,
chemisorption process in this temperature range. Conversely,
if the aluminum atoms were located in tetrahedral positions, the
oxygen vacancies might increase (reaction 2), as well as the
mobility of sodium atoms, but the NaAlO, amounts would also
increase in the external shell, limiting the CO, chemisorption.

Coming back to Figure 2, in the second temperature range
(275—400 °C) there is a small CO, desorption process
(associated with the weight loss). The weight loss corresponds
to a thermal shift of the dynamic CO, chemisorption—
desorption equilibrium. Before the desorption process,
Na,ZrO; had chemisorbed more CO, than Na,(Zr,4Aly;)O, s,
and consequently it desorbed more CO, as well. In this case,
the desorption process does not depend on the original
Na,ZrOj structure or defects, as it is produced from the new
external shell composed of ZrO,, Na,CO,, and NaAlO, in the
Nay(Zry9Aly,1) 0,05 case.

Finally, it has been reported that at T > 400 °C different
diffusion processes are activated and the CO, chemisorption
can continue through the Na,CO;—ZrO, external shell and the
Na,Zr0;.***7*%%° However, in the Na,(Zry4Al,;)0, 5 sample,
the external shell contains NaAlO, in addition to ZrO, and
Na,CO; (see reactions 4 and S), which modifies the diffusion
processes.

Na,ZrO, + CO, — Na,CO, + ZrO, 4)

Na,(Zry9Aly1) 0,95 + 0.95CO,
— 0.95Na,CO; + 0.9ZrO, + 0.1NaAlO, (5)

Therefore, in order to corroborate the CO, chemisorption
behavior, Na,ZrO; and Na,(Zry,Aly )0, samples were
isothermically analyzed consecutively between 200 and 850
°C as a function of time (Figure S). As it could be expected, the
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Figure S. Consecutive isothermal analyses of the Na,ZrO; and
Na,(Zry4Aly,1) 0,5 solid solution samples in a CO, flow.

CO, chemisorbed in Na,ZrO; was always higher than that in
Nay(Zry4Aly1)O, 65 Between 200 and 450 °C the CO, capture
behavior was very similar to those observed in the dynamic TG
experiments (Figure 2), where the CO, chemisorption—
desorption equilibrium was detected even at 300 °C (see
inset in Figure S). Nevertheless, the Na,ZrO; consecutive and
isothermal experiments presented an evident discontinuity
between 550 and 600 °C, associated with a very slight weight
loss, although its corresponding dynamic thermogram
presented a smooth exponential weight increment in the
same temperature range. This effect can be associated with
microstructural changes produced in the Na,CO;-ZrO,
external shell during CO, chemisorption of Na,ZrO;. It has
been reported that the Na,CO;—ZrO, external shell contains
mesoporous, when it is produced at T < 500 °C. However, if
the CO, chemisorption process is produced at T > 550 °C, the
Na,CO;—ZrO, external shell sinters, and the mesoporosity
disappears.*® Therefore, in the present case, as the consecutive
and isothermal experiment allows to certain CO, chemisorp-
tion equilibrium degree, when the Na,CO;—ZrO, external shell
sinters a partial CO, desorption must be produced. Something
else must be pointed out: this effect was not observed on the
Na,(Zry4Aly;)O, 5 sample because the presence of NaAlO, in
the external shell is considered to change the microstructural
thermal evolution. Thus, NaAlO, may inhibit the mesoporosity
formation.

To confirm that NaAlO, modifies the carbonated external
shell, the Na,(ZryAly;)O, 9 sample, treated isothermally at
500 °C in a CO, flow, was analyzed by N, adsorption to
determine the surface area, as the Na,ZrO; material presents
one of the highest mesoporosities at this temperature.*®
However, for Na,(ZryAly;)O,4s, the BET surface area was
equal to 0.4 m?2/ g. Therefore, the surface area decreased from

dx.doi.org/10.1021/jp508842e | J. Phys. Chem. C 2014, 118, 2621226218
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0.7 to 0.4 mz/g, instead of increasing.48 Because the solid
solution particles are considered nonporous, the BET area
corresponds selectively to the external shell and these results
confirm that NaAlO, modifies the microstructure evolution of
the external shell.

In the results presented here, it has been shown that
structural (vacancies and atomic crystalline arranges) and
microstructural effects are very important factors in CO,
chemisorption. However, there are several papers related to
alkaline ceramics showing that the CO, chemisorption can be
modified by diffusive processes, where the presence of different
lithium secondary phases can increase or decrease the bulk
reactivity."'>**** In the lithium ceramic cases, the external shell
is composed of Li,CO; and different lithium secondary phases,
where the presence of each lithium secondary phase can
enhance or decrease the CO, chemisorption, depending on
their lithium diffusion coefficients.' Based on this statement, the
ionic conductivity of the following sodium phases was analyzed:
Na,ZrOs3, Nay(ZrgoAly;)O,0s, NayCO;, and NaAlO,. If the
electronic contribution to conductivity is neglected, and the
blocking electrode is taken into account, ionic conductivity will
be proportional to the sodium diffusion in compounds.

Temperature (°C)
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Figure 6. Arrhenius plots of the ionic conductivity for the Na,ZrOs,
Na,(ZryoAly;) 0, 5, NaAlO,, and Na,CO; samples.

Figure 6 shows the Arrhenius plot (In 6T v 1/T, eq 6), where
the activation energy of the ionic conduction process can be
determined.

&)
InoeT=—-|—||—|+hA
Ky \T (6)

where ¢ is the ionic conductivity (S cm™), T is the temperature
(K), E, is the activation energy (eV), K is the Boltzmann
constant (8.617 X 107 eV/K) and A is the pre-exponential
constant.

Figure 6 shows the temperature dependence of the ionic
conductivity for the Na,ZrO;, Na,(ZrysAly;)0,49s, NaAlO,,
and Na,CO; samples. As it could be expected, all the phases
presented a higher ionic conduction as a function of
temperature, except for the Na,CO; in which the ionic

conductivity decreases between 520 and 595 °C. This is
associated with a Na,COj; crystalline phase transition, from
monoclinic (at low temperature) to hexagonal (at high
temperature ).’ From this figure, it can be seen that the ionic
conductivity decreases as follows in the sodium zirconate and
aluminate phases: Na,ZrO; > Na,(Zry4Aly1)0,95 > NaAlO,.
Therefore, the sodium ionic conduction must be favored in the
pristine zirconate phase without aluminum. Additionally, the
carbonate external shell is composed of NaAlO, and Na,CO;.
In this case, if the sodium ionic conduction in the NaAlO,
phase is compared with that of the Na,CO; phase, it is clearly
evident that sodium ionic conduction is considerably lower in
the NaAlO, phase.

Na,ZrO;, Na,(ZryAly;) 0,65 and Na,COj; phases presented
two well-defined slopes as a function of temperature, while
NaAlIO, only presents one slope in the whole temperature
range. Na,ZrO; and Na,(Zr,,Aly;)0, 95 presented activation
energy changes at around 660 °C. This ionic conduction
change is in good agreement with different studies, which have
shown that at similar temperatures the CO, capture process in
Na,ZrO; becomes mainly controlled by intercrystalline
diffusion processes.*® Additionally, the activation energies
calculated for these ceramics, in the whole temperature range,
decrease as follows: Na,ZrO; > Na,(ZrgoAly;)O,9s > NaAlO,
> Na,COs;. In other words, it seems that sodium diffusion is
more easily activated in Na,(Zry4Aly;)0,0s than in Na,ZrO;.
This is also in good agreement with the initial AG¢
thermodynamic theory,*® which establishes that the Na—O
bond is weaker in the aluminum containing solid solutions.
However, the activation energy of NaAlO, is higher than that of
Na,CO;. So, as soon as the external shell is produced, sodium
diffusion must be limited by the NaAlO, phase.

Thermogravimetric CO, chemisorption results showed that
it decreases with the aluminum addition in Na,ZrO;, when the
Al atoms are located only at tetrahedral positions, although the
activation energy of Nay(ZryoAly;)O, s is smaller than that of
Na,ZrO;. Therefore, the vacancy deficiency and NaAlO,
formation must be mainly responsible for the observed drop
in CO, chemisorption, as the CO, chemisorption process is
controlled by diffusion processes, and this is usually the limiting
step of the whole reaction process. To summarize, kinetic
diffusion produced in the carbonate external shell controls the
whole CO, chemisorption process.

B CONCLUSIONS

Na,ZrO; and Na,(Zr,_,Al,)O5_,/, solid solution were prepared
by solid state reaction. The analysis performed by *’Al NMR
confirmed that aluminum atoms are totally incorporated in
tetrahedral crystalline positions, occupying zirconium positions.
Na,ZrO; and Na,(Zr,_,Al,)O,_,, samples were able to
chemisorb CO, in a wide temperature range, but Na,ZrO,
presented higher CO, chemisorption than the solid solution
compounds. The differences observed produced by the absence
of cationic vacancies, as the aluminum atoms are only at
zirconium positions. In these cases, the CO, capture decreased
as a function of the aluminum content as follows: Na,ZrO; >
Nay(Zro4Aly1)Oz05 > Nay i (ZrgeAly )O3 > Nay3(Zrg ;AL 3)O;.
Therefore, the reduction of sodium vacancies must decrease the
CO, chemisorption, although the total sodium amount
increased, as interstitial sodium atoms.

Additionally, sodium ionic conductivity of different phases
was analyzed to complement the CO, chemisorption
mechanism in Na,ZrO; and Na,(Zr,_,Al,)O;_,,. The analyzed
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phases were as follows: Na,ZrO; and Na,(Zr4Al;;)O0,05 as
initial chemisorbents, as well as Na,CO; and NaAlO, as the
different sodium phases produced in the external shell. The
ionic conductivity and activation energy of the Na,(Zr,,Aly,)-
0,95 are smaller than those in Na,ZrO;. This result was is in
good agreement with the initial AG; thermodynamic theory,
establishing that the Na—O bond must become weaker in the
aluminum containing compounds. However, if the ionic
conductivity activation energy of NaAlO, and Na,COj; (sodium
phases present at the external shell) are compared, the
activation energy in the NaAlO, case is higher than that in
Na,COj;. Thus, the ionic conductivity processes in the external
shell are limited by the NaAlO, presence.
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