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Lithium—sodium metazirconate solid solutions; LiNa.ZrOs, were tested as G@aptors. The thermal
analyses of these materials showed that all the solid solutions present similar behaviors under air and N
The samples lost weight due to two different processes, desorption of physisorbed-widi@rC) and
a decarbonation process (40000 °C). In fact, the quantities of water and g@esorbed increased as a
function of the sodium content. Thermal analyses into a fi® showed that Li_\Na.Zr,O; solid solutions
present a high COabsorption. The solid solutions absorb Lla&tween 400 and 60TC, but samples
containing the sodium phase absorbed,@Dtwo distinct steps. First, at low temperatures, there is a
CO, chemisorption, only at the surface of the particles, forming a carbonate shell. Later, when the
temperature reaches 40Q, or more, a second absorption process takes place. In this process lithium
and/or sodium atoms diffuse from the core of the particles to the surface, through an external carbonate
shell. The differences observed in the £50rption processes were explained with thermodynamic data.

Introduction the ceramics. N&ZrOs; has a lamellar structure, where the
The main drawback to the use of fossil fuels is pollution. SCdium atoms are located among the ZrQayers; sodium
The flue gas from power plants contains high amounts of MOPility is, then, favored. Instead, #4rO; has a much more
carbon dioxide (C@), which contributes to the greenhouse packed structure, which limits lithium diffusid#,? but the
effect and the earth warmirig2 Thus, CQ has to be retained ~ S0dium size and weight are much higher than those of

through either physical or chemical sorption, before it goes lithium. o .
to the atmosphere. However, a drawback that this kind of materials may

possible application of different ceramics asG®sorbents, ~ Shown that lithium ceramics decompose at high temperatures,
described as well as G@aptors® These works have shown ~ due to the lithium sublimation as lithium oxidé?*

that lithium and sodium ceramics are able to retain.G@st, Therefore, the use of these materials as, €aptors could
in 1998, Nakagawa and Ohashi reported the capture of CO b€ limited by thelr thermal stapll|ty. '
using LpZrO; at high temperatures (4600 °C)2 Then, Summarizing, Li-xNaZrO; solid solutions should present

Lépez-Ortiz and co-workers found that some sodium ceram- original behaviors as COabsorbents, if both zirconates
ics, NaZrO; among them, absorb G@n a similar interval combine in a synergetic way. The synthesis and structure of
of temperaturd? Furthermore, N&ZrOs; presents a better GO~ these mixed oxides were already reported in a previous
sorption than LiZrOs. papert! The aim of this work was to determine the thermal

The CQ chemisorption properties of 44rO; and Na- stability of Li, \NaZrOs solid solutions and to study their
ZrOs have been correlated to lithium or sodium mobility in  CO. absorption process.
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Table 1. Composition as Determined by X-ray Diffraction

nominal real
Liz—xNaZrOs compositiod®
Li ZZr03 Li 22I’O3 (100%)
Li1gNag 2ZrOs Li»ZrO3 (100%)
Li1.aNay eZrOs Li2ZrO3 (89%), NaZrOs (11%)
LiNaZrOs Li»ZrOs (46%), NaZrOs (54%)
Lio,gNal,zerQ, LizZI’O3 (28%), NaZrOs (72%)
Lio.eNay.aZrOz NapZrOs (100%)
NapZrOs NapZrO3 (100%)

was heated at 78C until the precipitate dried. Finally, the powders
were pulverized and heat treated at 3@for 4 h. The samples

were labeled according to thevalue on the general formula, for
example, Lj gNay ZrOs.

The composition of the samples was determined by X-ray
diffraction (XRD), using Bruker AXS D8 Advance equipment,
coupled to a copper anode X-ray tube. On the other hand, to obtain
the radial distribution functions, an X-ray tube with a molybdenum
wavelength was used to reach the required high values oh the
parameterlf = (4 sin 6)/4). This tube was coupled to a Siemens
D-500 diffractometer. The & radiation was selected with a filter,
and the data were measured by step scanning®)(M&h a
scintillation counter.

Thermogravimetric analyses (TGAs) were performed with TA
Instruments equipment. The solid solutions were heat treated with
a heating rate of 3C min~! from room temperature to 100C.
These analyses were carried out under three different saturate
atmospheres: air,/Nand CQ. Furthermore, another set of samples
was analyzed isothermically at 400, 500, and 6@ All the
isothermal analyses were performed under a saturateda@ab-
sphere.

Results and Discussion

i
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Figure 1. Radial distribution functions of LixNaZrOs; solid solutions.

distances. Lithium is a light element whose scattering power
is small, and its contribution to the X-ray diffraction pattern
and, thus, to the radial distribution is expected to be small.

When sodium was incorporated inta,ZiOs5 to form Li; g
Nay 2ZrOs, no effect was observed in the radial distribution
function (data not shown). The structure remained the same,
nd hence, sodium only occupied the lithium positions.
stead, if lithium was incorporated into pErOs to obtain
LioeNay.4ZrOs, the corresponding radial distribution was
shifted ca. 0.05 A.

The LiNazZrGQ; sample, which was shown to be constituted
by a mixture of lithium-enriched NZrO3 (54%) and Lj-
ZrO3 (46%), confirms the results as the radial distribution,
as expected, may be interpreted in terms of the previous

The characterization of the samples was presented in acurves. All the peaks present for,ZrO; were found in the

previous pape¥ The composition of the LiyNa.ZrOs; solid
solutions is summarized in Table 1. Samples with a nominal
composition of LyZrOz and Li gNay 2ZrO; presented only
the X-ray diffraction peaks of LZrOs, showing that 0.2 is
the maximum solubility of sodium into the 44rO; structure.
Samples with a nominal composition betweer X = 1.4
and 2— x = 0.8 were a mixture of both zirconates, and
finally, LiggNay 4ZrOs had the same crystalline structure as
NaZrOs. Hence, the solubility of lithium into the sodium
phase is 0.6.

The experimental radial distribution functions of the
reference samples, i.e.,.ZrO; and NaZrOs, are shown in
Figure 1. As the structures were very different, the shapes
of the curves and the peak positions differed. TheAX@;
peaks fitted the theoretical peaks obtained for-@r Only
the peaks at 2.9 and 6.2 A did not fit with the framework
due to Zr and O atoms; these distances were found in the
Zr—Zr and O-0 radial functions. The contribution of N&D
distances to the experimental curve had to be found=at
2.3,4.0,5.1, and 7.0 A. Unfortunately, these radii all overlap
with the Zr—O distances.

The experimental radial distribution function of the lithium
zirconate fitted well with the theoretical curve. All peaks
were due to the ZrO framework and may be attributed to
Zr—0 or O-0 distances. No resolved peaks due te-Oi
distances were observed. The radii corresponding to the
Li—O neighbors were coincident with 20 or O-O

LiNaZrO; curve; they were slightly shifted toward larger
values, ca. 0.2 A. Also, the peaks present forgNiay 4ZrOs
were found but shifted toward lower values, ca. 0.15 A. Note
that the peak at 1.8 A can only be explained as due dg-Li
Nay 4ZrO;. The peaks of LiNaZr@were in an intermediate
position between those of §4Na; »ZrO; and those of Li
ZrO; as they were the convolution of the peaks of both
materials.

Thermal Behavior. Li,—\NaZrO; samples presented
interesting thermal behaviors (Figure 2). The samples were
analyzed as they were obtained from the synthesis process,
without any further treatment. All the samples had a first
weight loss between room temperature and 100which
was attributed to physisorbed water over the zirconate
particles. The amount of desorbed water increased with
sodium content. While LZrO; practically did not lose
weight, NaZrOs lost up to 9 wt %.

After the dehydration process, ZirO; only lost 1 wt %
in a large range of temperatures. This amount must be
associated with the lithium sublimation present in all lithium
ceramics treated at high temperaturés!* LiNaZrOs; lost
1.4 wt %, in a smaller interval of temperature (53880
°C), compared to the LENag ZrO; sample, which lost 3.5
wt % between 200 and 70. Finally, LipgNay +ZrOz and
N&ZrO; lost 3.6 and 5.7 wt % between 590 and 7@5and
between 585 and 82%C, respectively. All these changes
were attributed to decarbonation processe&ZO; and Na-
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Figure 2. Thermogravimetric analyses of different,LiNaZrOs solid
solutions in a flux of air.

ZrO3 absorb CQ, and their desorption processes occur at

720 and 800C, respectively:1° Additionally, CO, sorption
of NapZrO; is higher than that of LZrOs. This explains why

the temperatures and weight loss increased as a function o

the nominalx in Li,—yNa.ZrOs. Moreover, the carbonation

process of the samples must occur during cooling and storag

of the samples.
Samples analyzed under g Nux presented exactly the

same behavior. Hence, none of these processes (dehydratiotion- It absorbed 19 wt
decarboxylation, or decomposition) depend on the environ-

mental gas. In other words, oxygen, present in air, does notthat for LiZrOs. : :
p&imilar to that of the LiNaZr@sample, although reaching a

accelerate any of these processes, as could be expected.

example, it has been shown that, in other lithium ceramics,

such as LéZr,0;, air modifies the thermal stabilify.
CO, Absorption. Both zirconates LZrO; and NaZrOs
are good C@absorbent materials. Then if LiNaZrO;
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Figure 3. Thermogravimetric analyses of different;LiNaZrOs solid
solutions in a flux of CQ.

mechanism was more evident as the sodium content in-
creased. Perhaps the absorption observed at low temperatures

}3 due to a chemical sorption only at the surface of the

particles, as reported for other ceramidsowever, lithium

ex)hases did not seem to produce this surface reaction, which

was observed only on the sodium-containing particles.
LiNaZrOz was the sample presenting the best,C&en-

%, and the maximum absorption was

obtained at 749C. This temperature is 93C higher than

The LipgNay 2ZrOs sample had a behavior

weight increased by 2 wt % less (17 wt %).

Last, in LigeNay 4ZrOz; and NaZrOs (samples where Na
ZrOz was the only crystalline phase detected), the absorption
decreased to 15.3 and 10.3 wt %, respectively. These samples

solid solutions present a synergetic effect, they should capturePresented the same trends, the peaks being broader and the

more CQ than the amount predicted by a linear relationship,
through the following reaction:

Li, ,NaZzrO, + CO,— (Li,_,Na)CO, + ZrO, (1)
where (Lb-xNa)COs represents merely a mixture of both
carbonates LCO; and NaCQs.

All samples analyzed by TGA presented some ,CO
absorption (Figure 3). First, b2rO; presented a standard
CO, absorption. LiZrOg increased its weight by about 4 wt
%, which is in good agreement with previous repéffsand
the maximum absorption was obtained at 686

Then the LigNayZrO; sample showed a significant
improvement in the C@absorption. It increased to 6.9 wt

maximum temperature shifted to higher temperatures.

In a previous papée, a structural model for LiyNaZrOs
solid solutions was proposed, where the sodium phase is
trapped in the lithium phase. This proposition is in good
agreement with the thermal and €€brption results. As Li
ZrOz; was found to be the external phase, the surfacg CO
sorption on NaZrOs; increases when this phase is more
exposed. Furthermore, as the sodium content increased, two
processes were modified: (1) The maximum absorption
temperature moved toward higher temperatures, and (2) the
CO, absorption process began at lower temperatures, produc-
ing broader peaks. These two effects can be explained by
the differences in the formation enthalpiesSH;) and the
melting points of LCO; and NaCOs. AH; values of lithium

%, and the maximum absorption temperature was shifted and sodium carbonates are1215.4 and—1130.8 kJ/mol,

toward lower temperatures, 626. Besides, the absorption
peak became broader than the4riO; peak.

In the third sample, Li/Nay ¢ZrOs, the CQ absorption was
almost duplicated (13.1 wt %). Furthermore, the curve

respectively'® As the AH; of NaxZrOg is 84.6 kJ mot* lower
than that of LjZrOs;, NaZrOz; needs less energy to be
produced. In other words, M&rO; can be produced at lower
temperatures than 44rOs. This can explain the CSsorption

revealed two different sorption processes. First, a sorptionat low temperatures when sodium is added to the solid

was shown by a small peak, between 200 and I50Q1 wt
%). Later, at higher temperatures (between 500 and®6%0
the absorption increased to 12.1 wt %. This £0rption

(15) Choi, K. H.; Korai, K.; Mochida, IChem. Lett2003 32, 924.

solution. On the contrary, the melting point of ;a0; (851
°C) is 131°C higher than that of LZrOz (720°C).X6 Then,

(16) Binnewies, M.; Milke, E.Thermochemical Data of Elements and
Compounds2nd ed.; Wiley: Weinheim, Germany, 2002.
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Figure 5. Isothermal analyses of LixNaZrOs solid solutions heat treated
at 600°C in a flux of CO.

NaCO; decomposes and consequently desorbs the &80
higher temperature than 44rOs. This can explain why the
maximum absorption temperature moved to higher temper-
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Table 2. Number of Grams of CO, Absorbed per Gram of Sample
in the Isothermal Processes after 275 min

gCOZ/gceramic
solid
solution 400°C 500°C 600°C
LioZrOs 0.004 0.026 0.037
Li1.gNag 2ZrO3 0.018 0.104 0.147
LiNazZrOs 0.040 0.135 0.196
Lio.eNag.4ZrOs 0.034 0.073 0.115
NapZrOs 0.026 0.029 0.060

sodium presence in theJdrO; structure. Sodium atoms must
locally modify locally the structure of LZrO;. As sodium
atoms are larger than lithium atoms, the4riO; structure
was probably expanded, favoring an easier diffusion of the
lithium atoms to reach the GOmolecules. It has to be
pointed out that only one sorption process can be seen in
both samples.

All the other samples contained MaO; (Table 1), and
all of them presented a double-step sorption process, during
the isothermal analyses. First, there was a small sorption of
about 2 wt %, in the first hour, which corresponded to a
CO, sorption over the surface of the particles. At higher
temperatures, once lithium and sodium atoms had the energy
necessary to diffuse from the core to the surface of the
particles, the second and more important absorption process
took place. These experimental data were in total agreement
with those from previous papers that report a similar,CO
sorption mechanism for this kind of ceramfcs.

The sample LiNaZr@was the ceramic that presented the
best absorption properties. LiNazy@bsorbed almost 20 wt
% after 270 min. As in the TGA analysis, G@bsorption
by LiNaZrO; was 4 times higher than the absorption by the
pure zirconates L¥rOz; and NaZrOs. Additionally, once the
second absorption process started, 8@ption in LiNaZrQ
was faster than in LigNag 2ZrO; and LiZrOs. In this case,
the slope of the curve, at short times, was 0.76 wt % Hin
which is 5 times more rapid. Last, G@bsorption decreased
in the LipeNay4ZrOs and NaZrO; samples. These solid
solutions only absorbed 11.5 and 6.0 wt %.

The isothermal sorption trends at 400 and 3@were

atures and why the peaks became broader as a function okimilar to those at 600C. Table 2 compares the maximum

the sodium content.

Figure 4 shows the amount of captured g@r gram of
zirconium by the various LisNaZrO; samples. This graph
showed two different linear trends. This behavior suggests
a synergetic effect between lithium and sodium zirconates.
Furthermore, the incorporation of lithium into the sodium
zirconate seems to favor GQorption, 2 times more than
the incorporation of sodium into the lithium structure, as may
be concluded from the two different slopes (0.27 and 0.13).

Figure 5 shows the isothermal graphs at 6@0 When
the LipZrOs curve was compared to theslgNay »ZrOs curve,
it was found that LiZrO; only absorbed 3.7 wt %, after 200
min, whereas LigNay 2ZrO; solid solution absorbed 4 times
that amount (14.7 wt %) in the same period of time. The
CO;, sorption in LpZrOs was much lower than in kigNag >
ZrOs, at any time. This was obvious at short times (between

0 and 40 min), as shown by the slopes of the curves, 0.16

and 0.04 wt % min! for Li;gNayoZrOs and LibZrOs,

CO, absorbed for each material at those temperatures. As
expected, the COabsorbed changed as a function of
temperature. For instance, in LiNaZ5Qvhen CQ absorp-
tion was performed at 408C, only 0.04 @o,/QLinazro, WaS
retained after 180 min. However, when the absorption
processes were performed at 500 and 800the amounts
of CO, absorbed were 0.135 and 0.18080.inazro,, IN the
same time period. Similar behaviors were observed for the
other solid solutions.

Figure 6 displays the efficiency of the solid solutions at
the different temperatures. In this case, the efficiency should
be defined as

E (%)=
experimental CQabsorbed (wt %)
theoretical maximum CQabsorbed (wt

% 100 (2)

where the theoretical maximum G@bsorbed was calculated

respectively. These differences were associated with thefor each nominal composition. For example, LiNaZmas
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Figure 6. Efficiency of Li>—xNaZrOs solid solutions for C@ absorption
at different temperatures.

the nominal composition that presented the best efficiency.
This sample absorbed up to 75.3% of the totab @@t could
be absorbed according to reaction 3.

LiNazZrO, + CO, — /,Li ,CO, + /,Na,CO, + ZrO,  (3)

Pfeiffer et al.
Conclusions

Thermal analyses showed that all the solid solutions
presented similar behaviors under air andThe first weight
loss occurred between room temperature and°@@nd it
was attributed to physisorbed water over the zirconate
particles. The water desorbed increases with sodium content
due to a higher hydration of the sodium phase. All samples
present a second weight loss due to a decarbonation process.

Li,—xNaZr,0; solid solutions presented a high €O
absorption, compared to pure alkaline zirconatggnQ; and
Na&ZrOs. All compounds absorbed GObetween 400
and 600°C, but ceramics containing the sodium phase
absorbed C®in two distinct steps. At low temperatures
(200—300 °C), there was a surface G@bsorption. Later,
the CQ absorption process continued when the temperature
reached 400C or more. In this case, lithium and sodium
atoms diffused from the core of the particles to the surface
through the carbonate external shell. The sample presenting
the best conditions for C{xhemical sorption was LiNaZrQ
at 600°C, where the C@absorbed was 0.196:g/gLinazro,;
which means an efficiency of 75.3%. Furthermore, LiNaZrO
absorbed Cofaster than any of the other ceramics at short
times.
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