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Li5GaO4 was tested as a possible CO2 captor. Li5GaO4 was
synthesized by solid-state reaction, structurally characterized,
and then thermally treated under a CO2 flow, from 30 to 900 °C,
having the highest CO2 chemisorption at around 709 °C. The
results clearly showed that Li5GaO4 is able to trap CO2

chemically in two different steps. The CO2 quantity trapped
was equal to 8.9mmol g¹1, which is considerably high in
comparison to other ceramics.

The increase of carbon dioxide (CO2) in the atmosphere is
claimed to be one of the major contributors to the greenhouse
effect and will result in serious global warming issues, such as
melting icebergs in the polar regions, hotter summer and winters
never seen before, all of them due to the global increment of
temperature.1­3

In that sense, in the last years, different lithium ceramics
have been proposed as possible CO2 captors.4­10 Among all
these ceramics, Li4SiO4, Li4TiO4, Li6Zr2O7, and Li5AlO4, seem
to have the best theoretical and experimental CO2 capture
efficiencies.7,8,10­15 In fact, in a recent paper Ávalos-Rendón
et al.11 proposed Li5AlO4 as a new CO2 captor, and the results
presented in that paper showed the highest experimental CO2

absorption reported in the literature, up to now, for this kind of
materials, 16.4mmol g¹1 (maximum CO2 theoretical capacity,
19.8mmol g¹1).

On the other hand, lithium gallate (Li5GaO4) has been
scarcely studied, and it has been mainly tested as a lithium ion
conductor.16,17 Additionally, it has to be pointed out that
Li5GaO4 and Li5AlO4 are isostructural materials. It is important,
as Li5AlO4 has been shown to be one of the best possible CO2

captor ceramics.11 Both ceramics have orthorhombic phases,
where the cell parameters varied from 9.173, 9.094, and 9.202¡
to 9.087, 8.947, and 9.210¡ for Li5GaO4 and Li5AlO4,
respectively.18,19 Therefore, based on the high lithium content
of Li5GaO4 and the fact that it is an isostructural material with
Li5AlO4, the aim of this work was to study and demonstrate if
Li5GaO4 is able to capture CO2, through a similar mechanism to
that reported previously for other lithium ceramics.

Li5GaO4 was synthesized by solid-state reaction using
gallium oxide (Ga2O3, Aldrich) and lithium oxide (Li2O,
Aldrich) as reagents, where 30wt% excess lithium oxide was
used to prevent lithium sublimation. If this excess lithium was
not added or added in smaller quantities, the Li5GaO4 was not
correctly synthesized (see Supporting Information27). Powders
were mechanically mixed and pressed. Then, a pellet was
thermally treated at 500 °C for 24 h. Finally, the sample pellet
was air-coolded and pulverized.

Figure 1 shows the XRD patterns of the Li5GaO4 sample
synthesized by solid-state reaction and the same sample after the
CO2 chemisorption process (the second pattern is described

later). As it can be seen, Li2CO3 was detected as a secondary
phase (<8%). In fact, the presence of Li2CO3 may indicate
certain reactivity between the Li5GaO4 and CO2 or the reaction
of the Li2O added in excess, as lithium carbonate was not used
as reagent, and it must be produced due to the CO2 capture of
Li5GaO4 from the environment. In addition, the N2 adsorption­
desorption isotherm was obtained, and then the surface area of
this sample was estimated using the BET model. The surface
area was equal to 1m2 g¹1. Although the surface area is
considerably small, it is comparable with the other surface areas
presented by different lithium ceramics used for CO2 capture,
where the surface areas usually do not exceed 3m2 g¹1.20,21

Once the Li5GaO4 was characterized, the material was
thermally treated under a CO2 flow to analyze if this material
can function as CO2 captor (CO2 flow used was equal to
60mLmin¹1). If Li5GaO4 were able to react with CO2, one of
the following reactions may occur:

2Li5GaO4 þ 5CO2 ! 5Li2CO3 þ Ga2O3 ð1Þ
2Li5GaO4 þ 4CO2 ! 4Li2CO3 þ 2LiGaO2 ð2Þ

where the reaction would be similar to those observed for other
lithium ceramics,7,10­12 in which lithium carbonate is produced
in addition to a residual compound, Ga2O3 or LiGaO2 in these
cases. For this reaction, the maximum theoretical CO2 capacity
on Li5GaO4 corresponds to 14.8 (reaction 1) or 11.8mmol g¹1

(reaction 2). These are smaller CO2 absorption capacities, in
comparison to the isostructural aluminium ceramic (Li5AlO4).
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Figure 1. XRD patterns of the Li5GaO4 sample (A) and the Li5GaO4

sample after the CO2 chemisorption process (B). Peaks labeled as
and correspond to Li2CO3 (87-0728 JCPDS card) and LiGaO2

(72-1640 JCPDS card) compounds, respectively.
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Of course, this variation is simply due to the mass differences
between the metal structural elements, gallium and aluminium.
Therefore, the CO2 absorption capacity of Li5GaO4 can be
considered high among lithium ceramics and among other
materials proposed for CO2 capture.11,22

Figure 2 presents the Li5GaO4 dynamic thermogram, where
it is very clear that two different processes took place. First,
between 112 and 418 °C an initial weight increment of 8.4wt%
was produced. Then, the thermogram presented a very slight
increment of weight, until 568 °C, where a remarkable increment
of weight was produced. Between 568 and 709 °C the sample
gained 30.6wt%. Then, the total final increment observed was
equal to 39wt%.

According to this result, Li5GaO4 seems to capture CO2 in a
very similar way to that observed for other lithium ceramics
(Li2O, Li5AlO4, Na2ZrO3, and Li2CuO2) presenting this reaction
mechanism:6,11,12,23,24 First, at low temperatures, a superficial
reaction is produced. At this moment, an external lithium
carbonate shell is formed over the surface of the ceramic
particles. Then, when the temperature is increased sufficiently
and the alkaline diffusion is activated, in this case lithium, the
reaction continues through the bulk of the material, completing
the CO2 capture. For Li5GaO4, an identical reaction mechanism
can be described. The superficial reaction corresponds to the first
increment of weight observed between 112 and 418 °C. Later, at
temperatures equal or higher than 568 °C the lithium diffusion
should be activated and the process continued through the
Li5GaO4 bulk. Finally, it can be seen in Figure 2 that at
temperatures higher than 715 °C, the desorption process is
activated. This is in good agreement with the Li2CO3 melting
point (720 °C). In order to corroborate the reaction mechanism,
the Li5GaO4 sample after CO2 capture was characterized by
XRD (Figure 1B). As it can be seen, different compounds were
detected; Li2CO3, LiGaO2, and Li5GaO4. This result confirms
that CO2 is being trapped chemically, producing Li2CO3 and
LiGaO2 as products. Therefore, the reaction mechanism must
correspond to that proposed in reaction 2.

Summarizing, Li5GaO4 was synthesized and characterized.
Then, the CO2 absorption capacity was evaluated dynamically in
a thermobalance with a CO2 flow. The results clearly showed

that Li5GaO4 would be considered as an alternative for CO2

absorption. Li5GaO4 absorbs CO2 in a wide range of temper-
atures, and the final weight increment observed in this sample
was equal to 39wt%, which corresponds to a CO2 capture of
8.9mmol g¹1. If this material is compared to other lithium
ceramics, only Li5AlO4 has presented a higher experimental CO2

absorption.11 On the other hand, if these results are compared
with the CO2 absorption reported for other inorganic materi-
als,22,25,26 such as hydrotalcites, activated carbons, earth-alkaline
oxides (CaO mainly), zeolites, and organic­inorganic hybrids, it
is still a good result. In general, activated carbons, zeolites, and
organic­inorganic hybrid materials adsorb CO2 between 200 and
400 °C, having the best efficiencies of ca. 6mmol g¹1. Hydro-
talcites absorb CO2 at higher temperatures (450­800 °C), but
their efficiencies are very poor, 2mmol g¹1 maximum. Finally,
CaO is one of the best CO2 captors (theoretical capacity, 17.8
mmol g¹1). It absorbs CO2 between 400 and 880 °C, and the
experimental efficiency has reached up to 12mmol g¹1.
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Figure 2. Dynamic thermogram analysis of the Li5GaO4 sample in a
CO2 flow.
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