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h i g h l i g h t s

� CO2 partial pressure does not affect
the CO2 chemisorption.

� Oxygen addition highly improve the
CO2 chemisorption kinetics.

� Li2CuO2 can be used cyclically in the
CO2 carbonation-decarbonation
process.
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CO2 chemisorption in Li2CuO2 was studied under different CO2 and O2 partial pressures, through thermo-
gravimetric analysis. Results showed that using low PCO2 (0.05–0.2) did not impact in the final CO2

chemisorption, in comparison to the PCO2 = 1. When oxygen was added to the flow (PO2 between 0.03
and 0.2) the CO2 chemisorption presented different modifications: The CO2 chemisorption is produced
at lower temperatures; the CO2 carbonation kinetics is improved and the material is able to perform
CO2 carbonation-decarbonation cycles. CO2 chemisorption kinetic parameters were determined assum-
ing a first order reaction between 450 and 750 �C, where k and DH� values confirmed that CO2 carbona-
tion on Li2CuO2 is importantly enhanced with oxygen addition. If oxygen is not present in the flow gas, it
has to be released from the Li2CuO2 crystalline structure to complete the carbonation process, while if
oxygen is supplied in the flow gas the carbonation process is strongly facilitated, as the carbonation does
not depend on the oxygen crystalline diffusion. Additionally, results evidenced that Li2CuO2 recrystalliza-
tion, during the cyclic process, is performed by a different reaction mechanism. During the decarbonation
process, partial lithium reincorporation, to the cuprate phase, produces Li3Cu2O4. The formation of this
secondary phase (Li3Cu2O4) implies a partial copper oxidation, which must be induced by the PO2.
When a total decarbonation is produced, Li2CuO2 is totally recovered.

� 2016 Elsevier B.V. All rights reserved.
1. Introduction

Carbon capture and storage (CCS) technology is one of the most
promising ways to reduce the emission of carbon dioxide (CO2).
Nowadays, the global warming is one of the most threatening
problems in the world, where CO2 is the major emitted greenhouse
gas (GHG). CO2 is emitted into the atmosphere through numerous
processes, but fossil-fuel-burning power plants are the largest
anthropogenic emission sources globally. In this regard three main
strategies are generally available for CO2 capture and storage; post-
combustion, pre-combustion and oxyfuel combustions, and their
specific application depends on the concentrations of CO2 gas
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pressure [1–4]. Pre-combustion systems basically separate the CO2

from the flue [5,6]. Post-combustion capture involves separating
the CO2 from other exhaust gases after combustion of the fossil
fuel. Typical post-combustion flow gases contain approximately
N2 (65–75%), CO2 (7–15%), O2 (2–12%), H2O (5–15%) and smaller
concentrations of other polluting species [7]. Oxyfuel combustion
technology involves the combustion of coal with the use of pure
oxygen. Therefore, the major composition of the flue gases is
CO2, water, particulates and SO2. The concentration of carbon diox-
ide is major in the oxyfuel process that the others [3,5,8].

Among these processes, several materials have been studied as
CO2 captors and some of them are used now in the industry. Never-
theless, all these materials may present several disadvantages such
as saturation, corrosion, etc [1,4,9]. Numerous factors describe the
quality or utility of CO2 captors; fast sorption and desorption kinet-
ics, large sorption capacities, infinite regenerability and stability,
and a wide range of operating temperatures [9]. One of the most
studied materials, for high temperature CO2 capture, are the alka-
line ceramics. It has been proved that this kind of materials exhibits
some of the CO2 capture properties described above [10–16]. How-
ever, most of the reports presented for these ceramics were per-
formed under a saturated CO2 atmosphere, which is far from the
real industrial CO2 concentrations. However, there are some reports
using alkaline ceramics as CO2 captors under non-saturated CO2

atmospheres (PCO2), for example; sodium and lithium zirconates
(Na2ZrO3 and Li2ZrO3) [10,17–20], lithium silicates (Li2SiO3, Li4SiO4

and Li8SiO6) [11,21,22] and lithium cuprate (Li2CuO2) [23]. Most of
these reports mentioned that CO2 chemisorption tends to impor-
tantly decrease when CO2 partial pressure decreases. Nevertheless,
the CO2 chemisorption ability of Li2CuO2 does not seem to present
any important variation on the CO2 capture process, even using
PCO2 = 0.05 [23]. However this result was only analyzed dynami-
cally. Thus, it is necessary to perform a deepest study. Additionally,
lithium cuprate (Li2CuO2) has been reported as a material able to
trap chemically CO2 with saturated atmospheres according to the
reaction (1), in a wide range of temperatures (40–750 �C) under dif-
ferent physicochemical conditions [23–29].

Li2CuO2 þ CO2 ! Li2CO3 þ CuO ð1Þ
Among the alkaline ceramics studied as possible CO2 captors it

has been proposed different models to explain their reaction mech-
anism. Most of these reports assumed that the chemisorption pro-
cess is composed of two main steps; i) the CO2 superficial
chemisorption and ii) the CO2 bulk chemisorption controlled by
ion-diffusion, meaning that once CO2 reacts with the ceramic on
the solid surface forming an external shell of Li2CO3 and CuO (for
the Li2CuO2 case). Thus, Li1+ and O2� ions have to diffuse through
the product layer in order to continue the carbonation process
[30]. Most of these studies mention that ion diffusion seems limit
the whole reaction process. However, there is only one reported
including oxygen into the flow gas. The Li2ZrO3-CO2-O2 system
described that the activation enthalpy (DH–) of the CO2 bulk
chemisorption process is reduced when oxygen is added into the
gas flow [31], indicating that oxygen addition somehow helps to
the CO2 chemisorption in that case. Therefore, the aim of this work
was to study, dynamic and isothermally, the CO2 chemisorption
and cyclability in the Li2CuO2 under different partial pressure of
carbon dioxide, in the absence or presence of oxygen. The present
analysis should help to elucidate the use of this material into a
more realistic combustion flow gas.
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Fig. 1. Dynamic thermogravimetric analysis of the Li2CuO2 sample using different
PCO2 (0.05, 0.1, 0.2 and 1.0).
2. Experimental section

Lithium cuprate (Li2CuO2) was synthesized via solid-state
method. Lithium oxide (Li2O, Aldrich) and copper oxide (CuO,
Acros Organics) were mixed mechanically. The mixture was pre-
pared using a lithium excess of 10 wt%, based on the stoichiometric
lithium content on Li2CuO2. Then, the powders were calcined at
800 �C for 6 h in air. The Lithium cuprate structural and
microstructural properties were analyzed as it was described in a
previous paper (data not shown) [27].

To evaluate CO2 chemisorption under different partial pressure
of CO2 and the effect of the oxygen addition in the flow a ther-
mobalance (TA Instruments, model Q500SA) was used, where var-
ious dynamic and isothermal experiments were carried out. The
experiments were performed using different gas mixtures of CO2

(Praxair, grade 3), O2 (Praxair, grade 2.6) and N2 (Praxair, grade
4.8) as balance and carrier gas with a total flow rate of 60 mL/
min. Mixtures were performed into a digital gas mixer (CHEM flow,
Microtrac-Bel). Initially, the samples were dynamically heated
from 30 to 850 �C at a heating rate of 5 �C/min using different
CO2:N2 and CO2:O2:N2 gas mixtures, where the PCO2 varied
between 0.05 and 1, while PO2 was varied between 0.03 and 0.2.
For the isothermal analysis samples were heated to the desired
temperature (between 450 and 750 �C) under a N2 flow. Then,
when each sample reached the corresponding temperature, the
gas flow was switched from N2 to the corresponding gas mixture.

The Li2CuO2 cyclability experiments were performed at 700 �C
using the following partial pressures; PCO2:PO2:PN2 = 0.2:0.05:0.75
for the chemisorption and PO2:PN2 = 0.05:0.95 for the desorption
processes. As desorption process resulted to be slower than sorp-
tion one, the cyclability experiments were evaluated for 1 and
2 h for sorption and desorption processes, respectively. Finally,
some cyclic products were analyzed by X-ray diffraction (XRD)
using an equipment D8 Advance from Bruker.

3. Results and discussion

Dynamic TG curves of the Li2CuO2-CO2 system, using different
PCO2 are shown in the Fig. 1. Initially, for the CO2 saturated atmo-
sphere case (PCO2 = 1.0), the thermogram presented the typical
behavior according to previous Li2CuO2 reports and other lithium
ceramics [23–29]. First, between 250 and 500 �C the sample weight
increased by 6 wt%. Here, a superficial reaction occurs, where an
external lithium carbonate and CuO shell is formed over the sur-
face of the Li2CuO2 ceramic particles. Then, the thermogram pre-
sented a slight weight increase up to 640 �C where a second CO2
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chemisorption process began. Between 650 and 840 �C the sample
gained 28 wt%. Thus, the total weight increased by 34 wt%. In this
temperature range, temperature increases sufficiently and the
lithium and oxygen diffusion processes are activated (see reaction
1). Therefore, the reaction continues through the bulk of the mate-
rial completing the CO2 capture.

When the CO2 capture was performed using different partial
pressures (0.05, 0.1 and 0.2), thermograms presented similar
trends than that observed at PCO2 = 1.0. In fact, there were only
small quantitative differences when the CO2 concentration was
reduced: 1) At moderate temperatures the superficial reaction
seemed to be slightly reduced, from 6 wt% to �4 wt% for the CO2

saturated and partial pressures experiments, respectively; 2) The
bulk CO2 capture was shift to lower temperatures in around
30 �C, from 710 to 680 �C, for the CO2 saturated and partial pres-
sures experiments, respectively; and 3) The CO2 desorption process
was evidenced at lower temperatures for the partial pressure sys-
tems. All these changes can be attributed to variations in the CO2

sorption-desorption equilibrium produced by the CO2 partial pres-
sure modifications. Nevertheless, something else must be pointed
out, qualitatively, the CO2 captured were not so different even at
a PCO2 = 0.05, from the saturated experiment (PCO2 = 1.0).

As it was shown, the PCO2 partial pressure does not seem to
modify the CO2 capture process on Li2CuO2, which is in good agree-
ment with a previous report [23]. In addition, it has been already
mentioned that Li2CuO2 carbonation process involves the lithium
reaction and diffusion, but oxygen as well. Therefore, a second
set of dynamic TG experiments were performed using different
PO2 (0.03, 0.05, 0.1 and 0.2, see Fig. 2). These experiments were per-
formed using a PCO2 of 0.2, which may resemble a CO2 concentra-
tion in different combustion flow gases. As it could be expected,
thermograms presented the same general trend. However, a very
important difference was observed. In the oxygen presence, the
CO2 superficial chemisorption was highly enhanced and the CO2

chemisorptions were shifted to lower temperatures. The CO2

superficial process was observed at 180 �C, if oxygen was present
in the gas mixture, in comparison to 280 �C (temperature where
CO2 superficial process began in absence of oxygen). Moreover,
the maximum weight increment observed in the CO2 superficial
process, without oxygen was 5 wt%, while the experiments in the
presence of oxygen double the weight increments (�10 wt%). It
should be mentioned that this variation was observed indepen-
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Fig. 2. Dynamic thermogravimetric analysis of the Li2CuO2 sample into a PCO2 = 0.2
and different PO2 (0.03, 0.1 and 0.2).
dently of the PO2 used. Later, the CO2 bulk chemisorption was
shifted from 710 to 650 �C, in the oxygen presence. It means that
in the oxygen presence the bulk CO2 chemisorption is active at a
lower temperature than in the oxygen absence. As a deeper analy-
sis, Fig. 3 shows two specific comparison cases, where the oxygen
effect is more than evident. Fig. 3-A shows the dynamic thermo-
grams when the PCO2 was equal to 0.2, in the absence and presence
of oxygen (PO2 = 0.05). Under these physicochemical conditions
CO2 superficial process began at 280 and 180 �C, in the absence
and presence of oxygen, respectively. It means that the oxygen
reduces, in 100 �C, the CO2 superficial chemisorption. Moreover,
the amount of CO2 captured was increased as well, from 5 to
10 wt% in the oxygen presence. In the second case (Fig. 3-B),
dynamic TG of saturated CO2 atmospheres are presented in
absence and presence of oxygen (PCO2 = 0.95 and PO2 = 0.05).
Although the gas flow was CO2 saturated, oxygen enhanced, again,
the Li2CuO2 carbonation. Here, the CO2 superficial chemisorption
process was very similar than in the previous case. However, the
bulk CO2 chemisorption was shifted, to lower temperatures, in
more than 100 �C between 590 and 650 �C. All these results clearly
show that oxygen enhances, at least qualitatively, the CO2

chemisorption in Li2CuO2 at superficial and bulk levels. It must
be pointed out that pure oxygen flows does not produce any
weight change in the Li2CuO2 (data not shown). These initial qual-
itative results clearly show that oxygen addition importantly
improves the CO2 capture at different CO2 chemisorption steps,
at the surface and during the bulk processes. Therefore, in order
to further understand the CO2 chemisorption reaction and mecha-
nism different analyses were performed in the Li2CuO2-CO2 and
Li2CuO2-CO2-O2 systems, varying the gas partial pressures.

Figs. 4 and 5 show different isothermal experiments performed
at specific PCO2 and PO2. Initially, two different sets of isothermal
experiments were performed under saturated CO2 atmospheres;
PCO2 = 1.0 (Fig. 4-A) and PCO2-PO2 = 0.95–0.05 (Fig. 4-B). In both
cases, isotherms presented growing exponential behaviors, chemi-
sorbing more CO2 as a function of temperature, as it could be
expected. However, from these isotherms it is clearly evident that
oxygen addition, into a saturated CO2 atmosphere, improves the
rate and final CO2 chemisorptions. For example, at 450 �C the final
weight increments in absence and presence of oxygen were 1 and
5 wt%. Similar effects were observed in the whole temperature
range, where finally at 750 �C the weight increments were 38
and 35 wt%, with and without oxygen, respectively. Moreover,
the initial reaction rate was clearly improved, as it is evidenced
from the first couple of minutes of each isotherm; after 100 s of
reaction the isotherm without oxygen gained 23.9 wt% while in
presence of oxygen the weight increment was 35.6 wt%.

Based on the previous isothermal results, two new set of exper-
iments were performed using a PCO2 of 0.2 in the presence and
absence of the same PO2 (Fig. 5). As in the CO2 saturated atmo-
sphere, isotherms presented growing exponential behaviors, che-
misorbing more CO2 as a function of temperature, but in these
cases the chemisorption-desorption equilibrium seem to be modi-
fied. Isotherms performed with PCO2 of 0.2 and without oxygen,
presented a growing trend as a function of temperature between
450 and 700 �C, capturing approximately 5 and 35 wt%, respec-
tively. However, the isotherm performed at 750 �C only chemi-
sorbed 25 wt%. This isotherm did presented the fastest CO2

carbonation rate at short time (between 0 and 400 s), but after that
time a partial CO2 desorption process was evidenced. As it could be
expected, CO2 chemisorption-desorption equilibrium was shifted
to lower temperatures due to the PCO2, in comparison to the CO2

saturated isotherms previously described. Then, when oxygen
was added (PO2 = 0.05) the CO2 isotherms (PCO2 = 0.2) presented
higher weight increments and the CO2 chemisorption-desorption
equilibrium shift to lower temperatures was not present. Here,
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Fig. 3. Comparison of two specific cases of dynamic TG analysis: A) PCO2 = 0.2 with and without oxygen; B) CO2 saturated atmosphere with and without oxygen.
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Fig. 4. Chemisorption thermogravimetric isotherms performed with CO2 saturated atmospheres in the absence and presence of O2.
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the final weight increments at 450 and 600 �C did not seem to pre-
sent variation due to the oxygen addition. Nevertheless, at higher
temperatures (650–750 �C) the final weights did increase by the
oxygen addition. The three final weights at 650, 700 and 750 �C
in the absence of oxygen were 32, 35 and 25 wt%, while in the oxy-
gen presence the final weights were 35, 38 and 37.5 wt%. As the
CO2 chemisorption rate seems to be faster in the oxygen presence,
the CO2 desorption is kinetically reduced. All these results con-
firmed that oxygen addition does enhance the CO2 chemisorption
process in Li2CuO2. In fact this enhancement must be attributed



Table 1
Table 1. Kinetic constant values obtained from the first order reaction model for the CO2 chemisorption on Li2CuO2 into a CO2 saturated atmosphere, in the oxygen absence (kCO2)
or presence (kCO2-O2).

T (�C) kCO2 (1/s) R2 kCO2-O2 (1/s) R2

450 2.24 � 10�5 0.9991 2.88 � 10�3 0.9849
600 9.47 � 10�4 0.9632 2.49 � 10�3 0.9962
650 1.61 � 10�3 0.9612 2.62 � 10�3 0.9848
700 1.97 � 10�3 0.9647 3.49 � 10�3 0.9971
750 2.23 � 10�3 0.9815 5.49 � 10�3 0.9809

0.00100 0.00105 0.00110 0.00115

-13.6

-13.2

-12.8

-12.4

ln
(k

/T
)

1/T (K-1)

ΔH‡ = 34.2 kJ/mol
CO2

ΔH‡ = 29.9 kJ/mol
CO2 + O2

Fig. 6. Eyring-type plot of ln(k/T) vs 1/T for data obtained assuming a first-order
reaction of [Li2CuO2].
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to the oxygen accessibility during the reaction process instead oxy-
gen lattice atoms must diffuse and react with CO2 to produce Li2-
CO3. These reaction rates and mechanism are further supported
and described below.

To further analyze the isothermal curves shown in Fig. 4, these
data were fitted to a first-order reaction model [32]. This model
was selected because there are several processes involved in this
reaction mechanism, for example different CO2 chemisorption pro-
cesses and the addition of the oxygen into the flow. Therefore, it
was not possible to fit the data to the exponential model [32–
34]. However, during the first moments of the CO2 chemisorption
process, it can be assumed that a first-order reaction occurred with
respect to Li2CuO2 surface particles because CO2 was present in
excess (PCO2 of 1 or 0.95). Therefore, the rate law can be described
as:

ln½Li2CuO2� ¼ �kt ð2Þ
where k is the reaction rate constant, t is the time, and [Li2CuO2] is
the molar concentration of the unreacted ceramic. Assuming a
superficial Li2CuO2 carbonation reaction, data presented linear
trends over a very short time periods (�15 s). Table 1 shows the k
values obtained for both isothermal sets, in presence or absence
of oxygen. In the oxygen absence, kCO2 values tend to increase
between 450 and 750 �C. On the other hand, kCO2-O2 decrease
between 450 and 600 �C, but after that, kCO2-O2 values tend to
increase. However, the k values for the CO2 chemisorption in pres-
ence of oxygen are always higher than those obtained in the oxygen
absence (kCO2-O2 > kCO2). It means that oxygen improves the reaction
kinetics. Moreover, using Eyring’s model (Eq. (3)) for heterogeneous
reactions, the activation enthalpy (DH�, Fig. 6) could be determined.

lnðk=TÞ ¼ ðDHz=RTÞ þ ðDSz=RÞ þ C ð3Þ
where R is the universal gas constant and DH� and DS� correspond
to the activation enthalpy and entropy, respectively.

To obtain DH� in both cases, it was used the temperature range
between 600 and 750 �C, since in a previous report of lithium cup-
rate, DH� could not be determined at temperatures below 600 �C,
due to other thermodynamic or diffusion factors are influencing
the reaction [25]. DH� value in presence or absence of oxygen were
29.9 and 34.2 kJ/mol, respectively. Hence, the oxygen addition
tends to decrease, slightly, the CO2 chemisorption temperature
dependence. Additionally, DH� values are in the range of the same
range than those reported for other alkaline ceramics [32]. All this
results confirms that addition of oxygen enhances the CO2

chemisorption on lithium cuprate.
After the isothermal analysis, the CO2 chemisorption was eval-

uated cyclically under PCO2 and PO2 of 0.2 and 0.05, respectively.
The chemisorption process was performed at 700 �C for 1 h, while
desorptions were conducted at 700 �C for 1 or 2 h into a N2 flow
with the same oxygen addition (PO2 = 0.05), otherwise the desorp-
tion process was not produced (Fig. 7). In both cyclic experiments
the first CO2 chemisorption reached 33–35 wt%, meaning an 85% of
efficiency. However, when the desorption process was limited to
one hour (Fig. 7-A) the sample did not completely the decarbona-
tion process. In this case, only half of the initial CO2, previously
trapped, was desorbed. Then, in the subsequent cycles, the CO2

chemisorption was limited to half of the initial CO2 captured,
although the procedure was stable. Therefore, in the second cyclic
experiment desorption process was set to two hours (Fig. 7-B).
Under this condition, the desorption process went almost to com-
pletion, as 85–88% of the initial CO2 trapped was desorbed. Again,
using two hours of desorption cycles presented a very good stabil-
ity. The total CO2 cycled and the stability of these cycles is shown
on the Fig. 7-C, where it is clear that around 4 or 6 mmolCO2/grceram
can be cycled under low PCO2 and in the presence of small amounts
of oxygen, depending on the desorption time.

In order to further understand the Li2CuO2-CO2 chemisorption
process in the presence of oxygen, the final cyclic products were
analyzed by XRD. These results are presented in the Fig. 8, where
the initial Li2CuO2 was included for comparison purposes. The cyc-
lic products were analyzed by XRD after one or two hours of des-
orption. The XRD pattern of the two hours desorption cyclic
product showed the presence of different crystalline phases
(Fig. 8-b); Li2CO3 (22-1141 PDF file), Li3Cu2O4 (42-0477 PDF file)
and CuO (48-1548 PDF file). The formation of Li2CO3 and CuO are
in good agreement with the CO2 chemisorption proposed in the
reaction 1. Moreover, as it is a partially desorbed product, their
presence is justified. On the other hand, the presence of Li3Cu2O4

phase indicates that Li2CuO2 recrystallizes through intermediate
crystalline phases. To prove this hypothesis, a total desorbed cycle
experiment was analyzed via XRD. In this case the XRD pattern fit-
ted very well with the 20-0623 PDF file, corresponding to Li2CuO2.
This result confirms the Li2CuO2 carbonation and subsequent
decarbonation processes, where the Li2CuO2 is recovered through
an intermediate; Li3Cu2O4.

Cyclic results indicates that Li2CuO2 can be regenerated using
oxygen, observing similar desorption temperatures than other
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Fig. 8. XRD patterns of the pristine Li2CuO2 (a) and products of the cycles; after an
unfinished desorption (b) and after a total desorption (c) processes.
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alkaline ceramics, such as Na2ZrO3 (550–800 �C) [35], Li5AlO4

(750 �C) [36], and Li4SiO4 (600–850 �C) [33,36,37]. In any case,
the use of oxygen shows the desorption viability in this material,
which suggests that other alkaline ceramics may be beneficiated
by using oxygen during the cyclic desorption process.

Based in all these results the following reaction mechanism can
be proposed for the CO2 chemisorption on Li2CuO2 in the oxygen
absence or presence. In both cases, CO2 must initially interact with
the lithium atoms of Li2CuO2, through an acid-base interaction.
Thus, Li2CO3 production depends on the CO2�
3 ion formation, which

seems to highly depend on the oxygen viability. In the first case,
oxygen has to be released from the Li2CuO2 crystalline structure,
while in the second case oxygen can be obtained, more easily, from
the gas flow. Moreover, the presence of copper facilitates the oxy-
gen dissociation, as it has been report [28]. In such a case, the oxy-
gen surplus, present in the Li2CuO2 structure, must be released
without affecting the kinetic reaction mechanism.

On the contrary, the Li2CuO2 recrystallization, produced during
the decarbonation process, follows an alternative way by the Li3-
Cu2O4 intermediate formation. In this case, the Li3Cu2O4 intermedi-
ate phase is produced by the partial reincorporation of lithium
liberated after the Li2CO3 decomposition into the CuO structure.
In this case, half of the total copper atoms have to be further oxi-
dized, from 2+ to 3+. It seems that PO2 = 0.05 produces the partial
copper oxidation and subsequently the Li3Cu2O4 stabilization. After
that, if all the Li2CO3 is decomposed Li3Cu2O4 evolves to Li2CuO2 by
the lithium reincorporation (reactions 4 and 5). Finally, it must be
mentioned that Li3Cu2O4 was not observed during the carbonation
process at none of the physicochemical conditions used in the pre-
sent work, as all the isothermal products were analyzed by XRD
(data not show).

3=2Li2CO3 þ 2CuO !1=4O2 Li3Cu2O4 þ 3=2CO2 ð4Þ

1=2Li2CO3 þ Li3Cu2O4 ! 2Li2CuO2 þ 1=2CO2 þ 1=4O2 ð5Þ
4. Conclusions

Lithium cuprate was produced via a solid state reaction to study
the CO2 capture under different partial pressures of CO2 and O2.
The CO2 chemisorption process was dynamically and isothermally
analyzed using thermogravimetric analysis. Initially, the use of dif-
ferent CO2 partial pressures (PCO2 between 0.03 and 0.2) did not
show any important difference during the CO2 chemisorption in
comparison to the experiment performed with CO2 saturated
atmosphere (PCO2 = 1). Then, when oxygen was added to the gas
flow (PO2 between 0.03 and 0.2) the CO2 chemisorption process
was importantly enhanced at different levels, even when different
CO2 saturated atmospheres were used (PCO2 + PO2 = 1.0, where
PO2 6 0.2); 1) The CO2 capture temperature was shifted to lower
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temperatures, 2) the CO2 capture rate was improved and 3) Li2-
CuO2 could perform a carbonation-decarbonation process.

A kinetic analyses were performed assuming first order reac-
tion. The kinetic constant values obtain when oxygen was added
(kCO2-O2) were higher than without oxygen (kCO2). Then, the reac-
tion kinetics is improved with the addition of oxygen. Furthermore,
DH� values (DH�

CO2+O2 = 29.9 kJ/mol and DH�
CO2 = 34.2 kJ/mol),

showed that oxygen addition decreases the reaction temperature
dependence. Therefore, CO2 chemisorption strongly depends on the
oxygen viability. In the oxygen absence, oxygen atoms have to be
released from the Li2CuO2 crystalline structure. Then an anionic
crystalline diffusion has to be performed, limiting the whole carbon-
ation process. On the contrary, if oxygen is supplied through the gas
flow, the carbonation process is facilitated. In this case, the presence
of copper in lithium cuprate crystalline must facilitate the oxygen
dissociation, which can be taken from the gas flow without any crys-
talline diffusion process dependency. The oxygen remaining in the
Li2CuO2 decomposed crystalline structure must be released without
affecting the kinetic reaction mechanism, producing the CuO.

Finally, it has to be taken into account the Li2CuO2 recrystalliza-
tion is performed by a different reaction mechanism, where Li3Cu2-
O4 phase is produced as an intermediate during the decarbonation
process. This intermediate phase was observed when only half, or
less, of the lithium atoms had been reincorporated to the cuprate
structure. The Li3Cu2O4 formation implies a partial copper oxida-
tion, which must be induced by the PO2. Nonetheless, a further
lithium reincorporation enables a total Li2CuO2 regeneration.

These results show the importance of the oxygen viability dur-
ing the carbonation process of lithium cuprate and perhaps of
other alkaline ceramics used for the CO2 capture. It seems that oxy-
gen addition into the gas flow strongly enhances the ceramic car-
bonation and decarbonation processes.
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