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A B S T R A C T

This work presents a proposal for enhancing CO2 capture over lithium cuprate (Li2CuO2) by alkaline carbonates
addition. Lithium cuprate was synthesized via solid-state reaction. Subsequently, portions of Li2CuO2 were
mechanically mixed with 10 wt% of potassium carbonate (K2CO3), sodium carbonate (Na2CO3) or equal
amounts of both carbonates (5–5 wt%). All samples were characterized by several techniques and then CO2

chemisorption process was evaluated on different dynamic and isothermal conditions. The presence of K and/or
Na carbonates preserves the primary properties of pristine Li2CuO2, such as crystalline phase (DRX) and mi-
crostructure (SEM), also allowing to increase textural properties (N2 physisorption) and modifying CO2 deso-
rption abilities (TPD), in comparison with pure material. In general, carbonates addition induces some changes
during CO2 chemisorption, depending on the type of carbonate used. On the isothermal tests, it was observed
that between 400 and 600 °C the sample containing both carbonates presented the best capture performance,
capturing between 25.7 and 31.8 wt% of CO2 (63.9–79.1% of efficiency). On the other hand, at 700 °C, Na-
Li2CuO2 sample presented the best capture ability, capturing 30.6 wt% of CO2 (76.1% of efficiency). Meanwhile
at 650 °C, K-Li2CuO2 presented the highest sorption capacity with 40.4 wt% of CO2 captured, which represents
∼100% of efficiency. The above results showed that in the same thermal conditions, samples modified with
alkaline carbonates improved the CO2 capture process. This enhancement was attributed to the formation of
eutectic phases (observed in DSC analysis) between sodium and potassium carbonates added mechanically and
lithium carbonate (Li2CO3) formed as result of CO2 chemisorption process. Finally, it was observed that car-
bonate addition is a feasible way to increase CO2 capture in Li2CuO2 material by means of eutectic phase for-
mation.

1. Introduction

Nowadays, increased rates of human population growth and ad-
vancements in technology have brought adverse effects on the en-
vironment, amongst these, greenhouse effect and global warming. Over
the last decades, reducing the amounts of greenhouse gases (GHGs)
released to the atmosphere, particularly carbon dioxide (CO2) emissions
[1–5], has been one of the greatest challenges for attempting slows
down global warming and prevents drastic climate change. Amongst
different methods for mitigating CO2 emissions, the use of alkaline
ceramics for CO2 sequestration through a process of chemisorption is
one of the most used options [1,6]. These CO2 sorbents must satisfy
different characteristics, e.g. good physicochemical properties, high
surface basicity, mechanical strength, thermal stability, high re-
generation ability, multicycle durability, adequate sorption–desorption
kinetics and also good selectivity in a wide temperature range.

For this purpose a variety of alkaline ceramics have shown good
CO2 capture abilities, among them lithium and sodium zirconates
(Li2ZrO3 and Na2ZrO3 [7–13]), lithium orthosilicate (Li4SiO4 [14–19]),
lithium aluminate (Li5AlO4 [20,21]), lithium ferrites (Li5FeO4 and
LiFeO2 [22]) and lithium cuprate (Li2CuO2 [23,24]). In particular,
Li2CuO2 has been already studied as a CO2 captor in a temperature
range of 120 to 650 °C [25–28], with a theoretical capture value of
0.401 g of CO2 per gram of ceramic. Li2CuO2 presents an orthorrombic
phase with the following unit cell parameters: a = 3.655 Å,
b = 2.860 Å, c = 9.377 Å and Z = 2 [29].

In order to enhance the performance of different sorbents during
CO2 chemisorption process, it has been proposed several physical and
chemical modifications [30,31]. One of them consists in modification
ceramics by mixing mechanically small amounts of alkaline carbonates
with the aim to promote the eutectic phase formation between residual
carbonate (formed during CO2 chemisorption) and alkaline carbonates
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added during the synthesis. In this line, some studies have been focus
on the effect of carbonates addition in different alkaline ceramics
[7,32–34]. For example, in lithium oxosilicate (Li8SiO6) [35] and li-
thium aluminate (Li5AlO4) [36] cases, it was found that the presence of
potassium and sodium carbonates not only produced changes in the
temperature range where ceramic can act as a CO2 captor, but also
augmented the capacity of CO2 captured in terms of mass. Also, it has
been reported that lithium orthosilicate (Li4SiO4) sorbent was doped
with K2CO3 [37,38] or Na2CO3-NaF [39], resulting in the formation of
different low-temperature eutectic phases during CO2 sorption process.
However, there is not any report in literature about the effect of car-
bonates addition in lithium cuprate over its physicochemical char-
acteristics and CO2 capture abilities. Considering the above informa-
tion, the aim of the present work was to elucidate the effect of adding K
and/or Na carbonates in Li2CuO2 ceramic in order to improve CO2

chemisorption rates due to the formation of Li2CO2-K2CO3, Li2CO3-
Na2CO3 or Li2CO3-Na2CO3-K2CO3 eutectic phases, resulting in a partial
molten shell that allow to promote CO2 diffusion.

2. Experimental section

Lithium cuprate (Li2CuO2) was synthesized by well-known solid-
state reaction [22,23]. Lithium oxide (Li2O, Aldrich, 99%) and copper
oxide (CuO, Meyer, 97%) powders were used as reagents, mechanically
mixed and calcined in air atmosphere up to 800 °C for 12 h at a heating
rate of 5 °C/min. Considering lithium sublimation (T > 720 °C
[40,41]), a 25 wt% excess of lithium oxide was used to compensate this
lost during heat treatment. Then, the formation of Li2CuO2 phase was
confirmed by powder X-ray diffraction (XRD) technique. XRD pattern
was recorded in the 10° ≤ 2Θ ≤ 70° range, using a goniometer speed of
1°(2Θ) min−1, with a Siemens D5000 diffractometer coupled to a cobalt

anode (λ = 1.789 Å) X-ray tube. Once crystalline structure was con-
firmed, Li2CuO2 was divided in four sections. Each set was mechani-
cally mixed with different amounts of sodium and/or potassium car-
bonates as follows: i) 10 wt% of potassium carbonate (K2CO3, Sigma-
Aldrich), ii) 10 wt% of sodium carbonate (Na2CO3, Aldrich) and iii)
equal amounts of potassium and sodium carbonates (5–5 wt%). Mean-
while, last portion was used as reference with no added carbonates.
Hereinafter, samples are labeled as K-Li2CuO2, Na-Li2CuO2, Na-K-
Li2CuO2 and Li2CuO2, respectively. Samples modified with carbonates
were studied by XRD in order to confirm the presence of Li2CuO2 and
respective carbonates phases, using the same conditions described
above. Also, samples were analyzed using scanning electron microscopy
(SEM) in a FE SEM JEOL JSM-7600F equipment.

The microstructural characteristics were determined by N2 adsorp-
tion-desorption analyses in a Bel-Japan Minisorp II equipment at
−196 °C. For this purpose, samples were degassed at room temperature
for 12 h in vacuum prior to analysis. The BET model was used to de-
termine the surface area (SBET). Moreover, endothermic and exothermic
transitions, as function of temperature, were determined by differential
scanning calorimetry (DSC). These experiments were performed using
5–10 mg of sample and heating it from 30 to 600 °C at 10 °C/min, in a
N2 (Praxair, grade 4.8) or CO2 (Praxair, grade 3.0) atmospheres in a
pressure DSC equipment from Instruments Specialist Incorporated.
Then, CO2 sorption ability was evaluated performing thermogravi-
metric analyses (TGA) in a TA Instruments Q500HR thermobalance. In
this technique, samples were dynamically heated from 30 to 900 °C at a
heating rate of 5 °C/min, under a saturated flow of CO2 (60 mL/min).
Then, some isothermal experiments were performed at different tem-
peratures (400, 500, 600, 650 and 700 °C). In these tests, samples were
heated (5 °C/min) from 30 °C to specified temperature, using N2

(40 mL/min) as carrier gas; once desired temperature was achieved, the

Fig. 1. XRD patterns of Li2CuO2 materials prepared with or without (K-,
Na- and K-Na-) carbonates.
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flow gas was switched to CO2 (60 mL/min) and maintained during
180 min. Afterwards, isothermal products were analyzed by SEM and
XRD with the aim to elucidate changes produced by the CO2 chemi-
sorption on the different materials. Finally, CO2 temperature-pro-
grammed desorption (TPD) analyses were performed using a chemi-
sorption analyzer (Belcat, Bel-Japan). Before each analysis,
approximately 50 mg were introduced into a quartz cell and pretreated
at 850 °C under a He flow (30 mL/min). Each sample was then cooled to
200 °C and saturated with a 60 mL/min flow of CO2 for 60 min.
Afterwards, CO2-TPD analyses were performed by heating each sample
up to 850 °C (heating rate of 2 °C/min) in a He flow, and the data were
quantified by a thermal conductivity detector (TCD).

3. Results and discussion

3.1. (K-, Na-, Na-K-)-Li2CuO2 physicochemical characterization

Powder XRD patterns for pristine Li2CuO2 and samples mixed with
sodium and/or potassium carbonates are shown in Fig. 1. Lithium
cuprate X-ray diffraction shows signals related to crystalline planes of
Li2CuO2 (JCPDS 01-084-1971, orthorhombic phase), but also reflec-
tions from residual CuO (JCPDS 65-2309, monoclinic phase) that did

not react during the synthesis stage. As expected, X-ray diffraction
patterns of materials modified with carbonates, showed reflections for
Li2CuO2 crystalline structure and also signals related to carbonates
addition: Na2CO3 (JCPDS 37-0451, monoclinic phase) and K2CO3

(JCPDS 01-087-0730, monoclinic phase). In a further characterization,
N2 physisorption technique was applied in order to determinate textural
characteristics for (K-, Na- and Na-K-)-Li2CuO2 samples. Nitrogen ad-
sorption-desorption isotherms are show in Fig. 2. According to IUPAC
classification, all materials present isotherms type II corresponding to
nonporous materials [42]. In these materials, no significant hysteresis
loops were observed. Additionally, specific surface areas (SBET) were
determined from N2 adsorption curves, using the BET model. The SBET
value for pristine Li2CuO2 ceramic was 0.8 m2/g, which is in good
agreement with previous reports for lithium cuprate synthetized by
solid-state method [23,25]. Afterwards, carbonate additions in Li2CuO2

produces an increase in the SBET values up to 3.7 m2/g. These results are
totally related to composition changes occurred when carbonates were
added on Li2CuO2, meaning that 10 wt% of carbonates contributes with
1.5–2.9 m2/g, depending on type and amounts of each carbonate.

Materials were characterized by differential scanning calorimetry
(DSC) technique in two different atmospheres (N2 and CO2, Fig. 3), with
the aim of elucidate if it is possible to produce a partial melts by means
of eutectic phase formation between carbonates added (K2CO3 and
Na2CO3) and the one produced (Li2CO3) during CO2 chemisorption on
Li2CuO2. Fig. 3-A shows the thermograms obtained for each sample
treated under nitrogen atmosphere. In all cases, excepting for Na-
Li2CuO2 material, a first endothermic peak between 50 and 60 °C was
observed, which corresponds to the dehydration process of adsorbed
water weakly physisorbed over ceramic surface. Subsequently, samples
modified with carbonates presented a second endothermic peak be-
tween 80 and 100 °C, which increases as function of K2CO3 content.
Thus, Na-Li2CuO2 profile presented a low intense signal, which began
approximately 50 °C earlier than that well defined peak observed in K-
Li2CuO2 material. This signal can be related to loss of intercrystalline
water molecules that require a higher energy for being released from
crystalline structure of sodium and potassium carbonates. After, be-
tween 300 and 500 °C, all samples exhibit an endothermic peak related
to carbonates fusion processes, even pristine Li2CuO2, meaning a partial
carbonation. It is possible noticing that independently of which car-
bonate was added, the melting process started at lower temperatures in
comparison with original Li2CuO2 material. This result showed that
carbonates addition decreases the energy needed to bring this melting
process on ceramic surface. Despite Na-Li2CuO2 presents the lowest
temperature, it requires the highest amount of heat flow for carrying
out this process. Also, this temperature increases as function of K2CO3

content, thus the material modified with both carbonates, Na-K-

Fig. 2. N2 adsorption-desorption isotherms for pristine and (K-, Na-, Na-K)-Li2CuO2

samples. The SBET values are reported within the figure.

Fig. 3. DSC analyses in N2 (A) and CO2 (B) atmospheres for
pristine and modified (K-, Na- and K-Na-)-Li2CuO2 samples.

I. Ham-Liu et al. Journal of CO₂ Utilization 23 (2018) 143–151

145



Li2CuO2, showed an intermediate temperature behavior. On the other
hand, a further endothermic peak was observed in K-Li2CuO2 and Na-
Li2CuO2 profiles at around 480 °C. This can be attributed to a second
fusion process between Na or K carbonates that did not intervene
during first fusion process and Li2CO3 formed after the first diffusive
capture process. This endothermic peak was not observed in Na-K-

Li2CuO2 profile maybe due to the fact that this sample was mechanical
mixed with half amount from each carbonate. After N2 tests, DSC ex-
periments with CO2 were performed at atmospheric pressure (Fig. 3-B).
Thermograms show that endothermic and exothermic processes are
influenced by the atmosphere used. In this case, thermal profiles pre-
sented greater signals than in N2 atmosphere. As expected, all samples
presented the same endothermic processes between 50 and 150 °C and
485–500 °C that were described above in Fig. 3-A. Then, in the inter-
mediate temperature range between 300 and 430 °C, it can be noticed
that endothermic signals, observed in N2 tests, are not present in CO2

profiles. Furthermore, only pure Li2CuO2 material presented a well-
defined exothermic peak between 350 and 450 °C. According to lit-
erature [34,37,43], this signal is related to the CO2 chemisorption re-
action over alkaline ceramic surface. This result for Li2CuO2 sample
showed that exothermic CO2 chemisorption is energetically higher than
endothermic carbonate fusion observed in N2 test (Fig. 3-A). Despite,
modified samples did not present a signal in this temperature range, it
can be established that energy released due to CO2 sorption must be
equal to energy required for melting process during the eutectic phase
formation. This can be possible considering that in CO2 atmosphere
endothermic processes requires higher amount of energy in order to do
so, as it was described above. Finally, Table 1 shows specific enthalpies
calculated for all the processes described above for both atmospheres.

Table 1
Specific enthalpy (ΔH) calculated in J/g from DSC analyses in N2 and CO2 atmospheres.

Atmosphere Sample Temperature range

30–60 °C 70–115 °C 330–420 °C 450–500 °C

N2 Li2CuO2 96.7 – 202.4 –
K-Li2CuO2 12.7 28.9 204.3 20.5
Na- Li2CuO2 5.7 – 168.4 36.9
Na-K-
Li2CuO2

42.6 11.4 56.2 –

40–120 °C 120–200 °C 330–420 °C 450–500 °C
CO2 Li2CuO2 498.4 – −725.5 –

K-Li2CuO2 659.4 88.8 −73.4 46.1
Na- Li2CuO2 – 195.3 – 38.5
Na-K-
Li2CuO2

435.6 32.0 – –

Fig. 4. (A) TGA and (B) DTG profiles for (K-, Na-, Na-K)-Li2CuO2 samples
tested dynamically in a saturated CO2 atmosphere. TGA were normalized
at 100 wt%, after the dehydration weight loss of each sample (around 1 wt
%).
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As it can be seen, an exothermic process (CO2 capture) was observed
only in two samples (Li2CuO2 and K- Li2CuO2) under CO2 atmosphere.
In these cases, carbonate addition induces the formation of a eutectic
phase by means of reducing drastically the exothermic character ob-
served in pure Li2CuO2, decreasing ten times its value when potassium
carbonate was added or avoiding completely when Na- or Na-K- car-
bonates were aggregated. Meanwhile, the rest of ΔH correspond to
endothermic processes, namely dehydration at T < 200 °C or carbo-
nates fusion between 450 and 500 °C.

3.2. CO2 sorption and desorption tests

After physicochemical characterization, all materials were

thermally treated under carbon dioxide flow (60 mL/min). The ther-
mogram profiles evidenced the chemisorption process described in re-
action 1 (Fig. 4-A), by the weight increase as function of temperature.
Thermograms have been dived in three sections according to changes
observed in differential thermogravimetric curves (DTG, Fig. 4-B). It
has to be mentioned that all samples presented at low temperatures
(30–300 °C), dehydration and dehydroxylation processes, resulting in a
loss of almost 1 wt% (data not shown).

+ ↔ +Li CuO CO Li CO CuOs g s s2 2( ) 2( ) 2 3( ) ( ) (1)

Regarding to pure Li2CuO2, thermogravimetric profile at 300 °C
begins the surface capture [44], which was evident with a weight in-
crease of 12 wt% at 550 °C (Process I). Subsequently, between 550 and

Fig. 5. Isotherm profiles for (K-, Na-, Na-K-)-Li2CuO2 samples tested at different temperatures (400–700 °C) in a saturated CO2 atmosphere.
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700 °C, volumetric capture process took place producing a drastically
weight increment and reaching at 730 °C, the maximum CO2 chemi-
sorption ( 24.0 wt%, Process II). This amount of CO2 corresponds to an
efficiency of 59.7% in comparison to theoretical maximum capture
value of 40.2 wt% [23]. DTG curve for this material presented the
greatest changes among all profiles. The first change occurs at 390 °C
and it is related to the formation of an outer layer composed by Li2CO3

and CuO as a secondary phase. This outer layer obstructs a subsequent
CO2 sorption, then the capture mechanism changes and it is performed
by means of diffusion processes in material bulk. This phenomenon was
observed since 550 °C, where the outer layer becomes saturated. In this
case, diffusion processes continue CO2 capture and a weight increment
of 12 wt% was registered in this stage. Finally, at temperatures be-
tween 700 and 800 °C, no changes in material weight were observed;
whereas at T > 800 °C a significant decrease in weight percentage was
observed due to CO2 desorption (Process III) through Li2CO3 decom-
position, which was formed during carbon dioxide capture [41].

Thermogravimetric profiles for materials mixed with alkaline car-
bonates present the same general behavior than that observed with
pure Li2CuO2. However, some specific variations were observed as
function of type of carbonate and temperature. Between 300 and
550 °C, it was observed that surface capture was not improved by

carbonates addition. Similar than Li2CuO2, modified samples reached a
weight increase of 12 wt%; excepting for K-Li2CuO2 sample, which
presents the lowest CO2 capture (7.5 wt%) at 550 °C. According to lit-
erature [45], the changes in sample weight during this stage must be
related to corresponding CO2 surface capture and subsequent saturation
of the outer layer. Furthermore, during volumetric capture (process II),
it was observed that K2CO3 addition did not allow to obtaining a better
performance in the capture process, while Na2CO3 and Na2CO3-K2CO3

containing samples benefit the CO2 capture process between 550 and
700 °C. The material modified with both carbonates (Na-K-Li2CuO2)
presented the highest enhancement, capturing more CO2 between 500
and 690 °C than the original material. This phenomenon can be due to
the formation of a eutectic phase between the carbonate Li2CO3 formed
during the CO2 capture process and the carbonates mechanically added
during the synthesis, as it was observed during DSC analysis in CO2

(Fig. 3-B). This result has been already observed in CO2 capture with
other alkaline ceramics mechanically mixed with Na and K carbonates
[34,36]. Furthermore, samples added with sodium or potassium car-
bonates reach the maximum capture at around 660 °C and they can be
arranged as follows: K-Li2CuO2 (12 wt%) < Na-Li2CuO2 (17.5 wt
%) < Na-K-Li2CuO2 (22.3 wt%). Considering the theoretical value for
CO2 capture with Li2CuO2, these amounts correspond to efficiencies of
33.6, 47.7 and 61.9%, respectively. In addition, the presence of car-
bonates activates the sorption-desorption equilibrium at least 50 °C
earlier than that observed on the pure Li2CuO2 at 730 °C. In the last
stage, no significant changes were observed among modified samples.
All materials showed at T > 850 °C, the same CO2 desorption process
registered by pure Li2CuO2 [35,41]. The above qualitative results show
that adding sodium carbonate or equal amounts of Na and K carbonates
seems to improve the CO2 chemisorption in Li2CuO2 by means of the
volumetric capture process.

According to TG dynamic analyzes, the effect induced by carbonates
addition in lithium cuprate can be observed mainly between 400 and
700 °C. Thus, the following temperatures were selected for performing
isothermal tests: 400, 500, 600, 650 and 700 °C. Fig. 5 shows CO2

sorption isotherms for pure Li2CuO2 and materials modified with car-
bonates at selected temperatures. All profiles present a weight ex-
ponential increase as function of time due to the CO2 chemisorption
over the materials. At 400 °C, a similar behavior was observed for
Li2CuO2, K-Li2CuO2 and Na-Li2CuO2 samples, reaching less than 2.5 wt
% after 3 h. In contrast, Na-K-Li2CuO2 exhibits the best ability for
capturing CO2 at this temperature (13.2 wt%). When CO2 capture tests
were performed at 500 and 600 °C, the following trend was obtained:
Na-K-Li2CuO2 sample presents the highest CO2 captures (between 17
and 19 wt%), followed by K-Li2CuO2, Na-Li2CuO2 and pure Li2CuO2.
These results indicate that carbonates addition improves the CO2 cap-
ture process between 500 and 600 °C, regardless which carbonate was
mixed with the pristine Li2CuO2 material. However, at 600 °C and long
times ( t> 80 min) a change in the above trend was observed. Li2CuO2

sample presented a faster weight increase than Na-Li2CuO2, and after
3 h of reaction, Li2CuO2 was able to capture the same amount of CO2

(8.2 wt%) than that obtained with K-Li2CuO2. At 650 °C contrary to
previous isotherms, Na-K-Li2CuO2 material shows the lowest CO2 cap-
tured (10.3 wt%), followed by the sample mixed with sodium carbonate
(Na-Li2CuO2, 11.7 wt%). On the other hand, at t < 80 min, the ma-
terial with the best ability was that modified with K2CO3. However, this
material reaches very fast the maximum amount of CO2 chemisorbed
(26.6 wt%, at t> 20 min) and then the sorption-desorption equili-
brium takes place avoiding further CO2 capture. Furthermore, at
650 °C, it was observed that at t < 80 min the weight increase regis-
tered for Li2CuO2 sample remains below than K-Li2CuO2. However,
pure Li2CuO2 continues capturing CO2 until 30.2 wt% after 180 min of
reaction. Finally, at 700 °C, a very different trend was observed. In this
thermal condition, Na-Li2CuO2 is the material with the highest CO2

capture (17.5 wt%), followed by pure Li2CuO2, Na-K-Li2CuO2 and K-
Li2CuO2 with 6.9, 2.3 and 2.2 wt%, respectively.

Fig. 6. CO2 maxima chemisorption for pristine and modified Li2CuO2 samples tested
isothermically between 400 and 700 °C in a saturated CO2 atmosphere. Dash lines in-
dicate possible lineal tendency between experimental data obtained at every temperature.

Fig. 7. CO2-TPD desorption profiles for (K-, Na-, Na-K)-Li2CuO2 samples heat treated
from 200 to 850 °C in a He flow.
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Further observations in isothermals tests were made considering
that in modified materials only 90% of the sample is able to chemisorb
CO2 and the rest (10% composed by Na or K carbonates) is not capable
for performing this chemical process. Thus, Fig. 6 presents the weight
increase reached with each material in 3 h, normalized by gram of
Li2CuO2 used. It was observed that pure Li2CuO2 has a positive trend as
temperature increases from 400 to 600 °C. Thereafter between 600 and
650 °C, the highest weight increase was observed, indicating that this

thermal condition is the best for pristine sample. After this temperature,
a significant weight decrease was obtained as result of the activation of
sorption-desorption equilibrium previously described in dynamic tests
(Fig. 4-A). Regarding to modified samples with carbonates, between
400 and 600 °C, all exhibit greater weight increments than pure lithium
cuprate, due to the diffusion promotion provided by the partial melted
phase composed by Li2CO3 and corresponding carbonates added. In
particular, Na-K-Li2CuO2 presented the highest enhancements (∼23%)

Fig. 8. SEM images for pristine Li2CuO2 (charts A
and B) and Li2CuO2 material obtained after 3 h of
CO2 capture at 500 °C (charts C and D).

Fig. 9. SEM images for Li2CuO2 ceramic (A) and
modified materials with K2CO3 (B), Na2CO3 (C) and
Na2CO3- K2CO3 (D) after CO2 capture at 500 °C.
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in this temperature range in comparison with pure Li2CuO2, showing
that combining equal amounts of both carbonates can promote a sy-
nergic effect, providing a significant benefit during the CO2 chemi-
sorption. At 650 °C a different trend was obtained, in this case only K-
Li2CuO2 presented a higher weight increment than pure Li2CuO2. This
result pointed out that adding potassium carbonate and 650 °C is the
best combination among all conditions proved for obtaining a complete
CO2 capture per gram of ceramic (40.4 wt%). On the other hand, de-
spite Na-K-Li2CuO2 sample presented the best capture between 400 and
600 °C, when temperature increases from 600 to 700 °C, a lineal weight
decrease was registered due to a sintering process in the outer layer.
This behavior has been already reported for other lithium ceramics-CO2

systems, such as: Li8SiO6 [35] and α-Li5AlO4 [36]. In contrast, Na-
Li2CuO2 showed a lineal weight increase between 600 and 700 °C,
obtaining its best performance in the last thermal condition (30.4 wt%).
Summarizing, it can be established that CO2 chemisorption not only
depends on temperature and reaction time as it was previous reported
[46,47], but also on the type and mass ratio between carbonates added
during the synthesis, which are the principal responsible for increasing
the diffusion processes by means the eutectic phase formation with
Li2CO3 produced during CO2 capture process.

Afterwards, CO2-TPD experiments were performed in order to de-
terminate the effect of carbonates addition on CO2 desorption abilities
(Fig. 7). Desorption signals in a low temperature range (250–350 °C)
related to a superficial chemisorption on ceramic, were observed only
in the sample modified with potassium. Meanwhile, a second signal at
T > 550 °C was detected in all profiles, indicating a stronger bound
CO2 sorption over ceramic particles. Pure Li2CuO2 showed a CO2 des-
orption between 600 and 810 °C with a maximum located at 775 °C. For
this process, it was observed some differences in CO2 desorption tem-
perature depending on the carbonate added. As consequence of K2CO3

addition; CO2 desorption began at least 50 °C earlier and presented
higher amount of gas desorbed than pure sample, indicating that K2CO3

decomposition also can be taken place. On the contrary, Na- and
combine Na-K- additions resulted in an increase of desorption tem-
perature (T > 800 °C), showing a stronger bound between CO2 and
modified ceramics. These increments must be related with the forma-
tion of Li2CO3-Na2CO3 or Li2CO3-Na2CO3-K2CO3 eutectic phases which
retard CO2 desorption from ceramic, obtaining a partial CO2 storage in
temperatures lower than 700 °C. This characteristic allowed to obtain
better CO2 captures than that on pure material during dynamic tests
(Fig. 4-A).

Finally, SEM and XRD techniques were employed in order to de-
terminate changes in microstructure and composition of products ob-
tained after CO2 isothermal tests at 500 °C. In this temperature, it was

observed the highest difference in CO2 capture between pure Li2CuO2

and those materials modified with carbonates. Thus, Fig. 8 presents
SEM images from pure lithium cuprate before and after CO2 capture. It
can be seen that pristine material morphology (Charts A and B) consists
on aggregates of granular particles in coral polyps form with different
sizes; between 0.7 and 1.1 μm. After CO2 tests (Charts 8-C and -D), it
can be distinguee two phases well-defined by contrast. In this case, they
must correspond to the carbonation products (Li2CO3 and CuO) ob-
tained as consequence of chemical reaction between Li2CuO2 and CO2

(reaction 1). Considering this contrast difference, it can be established
that dark phase corresponds to Li2CO3, whereas the bright one is related
to CuO. In further observations, it was found that dark phase (Li2CO3)
presents dense agglomerates with particle size between 0.7 and 2.4 μm,
while the other phase (CuO) consists mainly by small round particles
with sizes around 0.2–0.4 μm. Also, this technique was used to observe
the microstructure changes in carbonate-modified Li2CuO2 samples
after CO2 capture (Fig. 9). As it could expect, these samples are com-
posed by the same two phases described above for pure Li2CuO2 case. In
line with SEM observations, Fig. 10 shows the XRD pattern for Na-K-
Li2CuO2 product treated at 500 °C, corroborating that Li2CO3 and CuO
are the only products obtained after CO2 capture, as it was previously
described in reaction 1. Then, these results pointed out that CO2 che-
misorption process was produced. Also, it can be observed that carbo-
nate addition did not produce any change in products obtained after
CO2 chemisorption.

4. Conclusions

The effect of carbonates addition on Li2CuO2 ceramic was evaluated
during CO2 capture. For this proposal, Li2CuO2 was synthetized and
then mechanically mixed with K and/or Na carbonates. N2 physisorp-
tion and XRD analyzes showed that primary characteristics of pristine
Li2CuO2 were preserved in all (K-, Na- and Na-K-)-Li2CuO2 samples,
although the surface area was increased by carbonate addition. After,
DSC-N2 analyzes showed that all samples presented an endothermic
carbonate fusion process between 300 and 430 °C, regardless the type
of carbonate mechanically mixed. DSC-CO2 tests revealed that in this
atmosphere all processes involved require absorb or release higher
amounts of energy in comparison with inert atmosphere (N2). Also, it
was observed that between 300 and 450 °C, Li2CuO2 is the only sample
with a highly exothermic process related to the CO2 sorption over the
ceramic. Nevertheless, this exothermic signal was not observed for (Na
and Na-K)-Li2CuO2 samples, indicating that eutectic phase formation
requires the same energy than that released as a consequences of CO2

capture. In addition, CO2-TPD analyses reveled that carbonate addition
modified desorption abilities. When potassium carbonate was added a
decrement in desorption temperature was observed; on the contrary,
Na- and Na-K- addition resulted in an increase of desorption tempera-
ture, indicating a higher CO2-ceramic surface bound.

Afterwards, dynamic thermogravimetric experiments showed that
all materials are able to capture CO2 in a wide temperature range
through two consecutive processes: superficial capture (300–550 °C)
followed by a volumetric chemisorption (550–700 °C). Regarding to
CO2 tests, isothermal profiles showed that materials modified with al-
kaline carbonates presented better capture abilities than pure Li2CuO2

between 400 and 700 °C, except at 650 °C where pure sample presented
higher CO2 sorption than Na-Li2CuO2 and Na-K-Li2CuO2 samples. It
seems that carbonate addition improves the CO2 chemisorption in
Li2CuO2 by means of eutectic phase formation during the volumetric
capture stage. However, the selection of an appropriate material de-
pends strongly on the temperature condition used during carbon di-
oxide capture. Thus, between 400 and 600 °C the ceramic modified
with equal amounts of both carbonates (Na-K-Li2CuO2) is the best op-
tion for performing CO2 capture. Meanwhile, at 600 and 700 °C, K-
Li2CuO2 and Na-Li2CuO2 materials are the materials with the highest
volumetric capture, respectively. Furthermore, it was found that at

Fig. 10. XRD pattern for Na-K-Li2CuO2 material tested in CO2 capture at 500 °C during
3 h.
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650 °C, potassium carbonate addition is the best condition for obtaining
an eutectic phase composed by K2CO3 and Li2CO3 carbonates, obtaining
a complete CO2 chemisorption (40.4 wt% per gram of Li2CuO2), among
all materials tested. This amount corresponds an efficiency of ∼100%,
in relation with theoretical amount (40.2 wt%) calculated for CO2

capture over 1.0 g of Li2CuO2 ceramic.
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