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Abstract CO2 capture and storage are the most important

issues to be tackled in the near future. For the last few

years, different lithium ceramics have been proposed as

possible CO2 captors. In this article, the CO2 chemisorption

process on a-LiBO2, which had not been previously

investigated, was studied. a-LiBO2 was synthesized and

characterized by XRD, SEM and N2 adsorption. Its CO2

reactivity was evaluated by dynamic and isothermal ther-

mogravimetric experiments. Results show that a-LiBO2 is

able to react with CO2. Additionally, there is a phase

transformation from a-LiBO2 to c-LiBO2 during the CO2

absorption. Although the CO2 absorption was not consid-

erably high, the results showed that lithium ceramics,

containing boron, absorbed CO2.
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Introduction

There are many techniques and materials that could be used

to reduce the levels of carbon dioxide in the atmosphere

[1, 2]. Among the different materials used in this research

field, different alkaline and earth-alkaline ceramics have

been proposed as possible CO2 captors because of the

chemisorption process occurring between CO2 and the

alkaline or the earth-alkaline atoms present in the ceramic,

such as Li4SiO4, Li2ZrO3, Na2ZrO3, Li5AlO4 and CaO

[3–8]. Generally, all alkaline and earth-alkaline ceramics

display similar chemisorption reaction mechanisms, where

initially, the CO2 is chemisorbed over the ceramic surface

particles, producing an external shell of the alkaline or the

earth-alkaline carbonate and the corresponding residual

oxide. To continue the CO2 chemisorption and complete

the reaction in the ceramic bulk, the diffusion processes

must be activated [9]. It has been previously found that

diffusion processes are the limiting steps in the CO2

absorption process [10]. It has been reported that the syn-

thesis of different solid solutions, such as Li2-xNaxZrO3

[11] and Li4-xNaxSiO4 [12], improves not only the kinetic

parameters but also the efficiency and the absorption

temperature range, among other properties of the CO2

absorption reaction. In fact, some of the improvements

observed in the solid solutions have been attributed to

punctual modifications in the crystalline structure of the

ceramics. Therefore, the addition of small and light ele-

ments, such as boron, may modify the crystalline structure

of the lithium ceramics locally, producing new and inter-

esting results.

Conversely, lithium borates have been used for different

electrical and optical applications, as well as for glass

structural components [13, 14]. Among the lithium borates,

there are two LiBO2 phases: the a-LiBO2 and the c-LiBO2.

The a-LiBO2 system has an anhydrous monoclinic phase

that is stable at high temperatures. This a-LiBO2 phase

possesses an endless laminar chain structure of [BO3]1-

triangles with Li–O bonds between the chains [15]. The

lattice parameters of this phase are a = 5.838 Å,

b = 4.348 Å, c = 6.449 Å and b = 115.121� [16]. On the

contrary, the c-LiBO2 phase is quenchable, and it has a

tetragonal structure with the following lattice parameters

a = 4.1961 Å and c = 6.5112 Å [16]. When subjected to a

pressure of 3.5 GPa at 850 �C, the a-LiBO2 undergoes a
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transformation from tri-coordinated ([3]B) to tetra-coordi-

nated boron ([4]B), forming dense tetrahedral c-LiBO2 [15].

In previously reported cases, the lithium and sodium

ceramics with layered structures have presented good

properties such as high temperature CO2 captors [17].

Therefore, the aim of the present work was to determine

whether the a-LiBO2 phase was able to capture CO2. This

finding will be useful in further studies in which boron may

be used to prepare solid solutions with other lithium

ceramics, among other possible applications.

Experimental section

Initially, a-LiBO2 was synthesized dissolving lithium car-

bonate (Li2CO3, Aldrich) and boric acid (H3BO3, Sigma) in

water. Subsequently, the solution was heated at 60 �C with

continuous stirring till it was dry. Finally, the powders

produced were pulverized and heat-treated at 700 �C for

8 h. To obtain the a-LiBO2 phase, different Li/B molar

ratios were tested because boron tends to produce liquid

phases, which segregate and produce diverse boron oxides

at high temperatures [18].

Firstly, the characterization was performed on the initial

a-LiBO2 phase by using X-ray diffraction (XRD). Once the

existence of the a-LiBO2 phase was corroborated, it was

further characterized and evaluated by scanning electron

microscopy (SEM), textural analysis (N2 adsorption),

thermogravimetric (TG) analysis and infrared spectroscopy

(FTIR). XRD analyses were performed in a Bruker AXS

D8 ADVANCE diffractometer using CuKa1 radiation.

Subsequently, the particle size and the morphology of the

a-LiBO2 material were studied using a scanning electron

microscope (Stereoscan 440, Cambridge-Leica). Being a

non-conductive sample, the powder was initially covered

with gold. Finally, the surface area of the material was

determined by the N2 adsorption–desorption isotherm,

which was obtained with a Minisorp II (Bel-Japan). The

BET surface area was calculated from the N2 adsorption

isotherm. The sample was previously degasified at room

temperature for 12 h under vacuum.

The CO2 capture capacity was tested in a Q500HR

thermobalance (TA Instruments), with a CO2 flow rate of

60 mL/min. Different dynamic and isothermal experiments

were performed. Additionally, a differential scanning cal-

orimetry (DSC) experiment was performed using the DSC

equipment from Instruments Specialists Incorporated. The

DSC sample was heated in a CO2 atmosphere from room

temperature to 600 �C at a rate of 10 �C/min. Finally, some

of the CO2 isothermal samples were further analyzed by

TG and by FTIR spectroscopy. The latter was performed

using a NICOLET 6700 FT-IR Spectrometer.

Results and discussion

a-LiBO2 was synthesized by varying the Li/B molar ratio

from 1:1 to 1:2. When the stoichiometric Li/B molar ratio

of 1:1 was used, a mixture of amorphous and crystalline

phases was obtained. The detected crystalline phases cor-

responded mainly to lithium phases such as LiOH, Li2CO3

and Li2O. These results strongly suggest that the boron

fused, thereby producing the amorphous phase, which

inhibited the a-LiBO2 production. This result agrees with

the phase diagram reported by Sastry [18]. Therefore, to

synthesize a-LiBO2, the Li/B molar ratio was varied. The

XRD pattern of the LiBO2 sample with a Li/B molar ratio

of 2:1 is shown in Fig. 1A. This pattern fitted to the

84-0118 JCPDS file, which corresponds to a-LiBO2. No

other compounds were identified, which indicates that the

sample is pure, at least at the XRD detection level. It

should be noted that after the heat treatment, two different

segregated materials were obtained: (1) A white powder

was obtained, which corresponded to the a-LiBO2 phase,

according to the XRD results, and (2) a glass was produced

and pasted on the bottom of the crucible, which must

correspond to a boron amorphous oxide produced from the
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Fig. 1 XRD pattern (A) and BSE image (B) of the a-LiBO2 sample
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excess boron. Additionally, as the final powder had to be

scratched and pulverized, some preferential orientation was

observed on the XRD pattern in the form of a considerably

high-intensity 002 peak (2h = 30.68).
Figure 1B shows the morphology of the a-LiBO2 par-

ticles. The particles are polyhedral in shape with a large

particle size distribution ranging between 30 and 60 lm.

The surface area of the particles was determined by the N2

adsorption–desorption isotherm using the BET method

(SBET). The SBET value obtained was 1.3 m2/g. The mor-

phology, the particle size and the surface area fit very well

with the synthesis method (solid-state reaction) used here,

and these values are similar to those obtained for other

lithium ceramics that have been tested as CO2 captors.

If the a-LiBO2 phase were able to absorb CO2, the

reaction proposed should be the following one:

2 LiBO2 þ CO2 ! Li2CO3 þ B2O3 ð1Þ

In such a case, the maximum CO2 chemisorption capacity

of this ceramic would be 10.04 mmol/gceram. Although two

moles of LiBO2 are necessary to absorb 1 mol of CO2, the

material would be theoretically able to chemisorb similar

CO2 quantities to those presented by other lithium ceramics

[6, 17, 19, 20]. Here, LiBO2 presents an advantage in

boron, which is a very light element in comparison with the

previously mentioned elements (copper and zirconium)

that are used as structural ceramics.

Figure 2 shows a a-LiBO2 dynamic thermogram

acquired in a CO2 atmosphere. Firstly, the sample showed

an increment of 0.7% in the mass of the a-LiBO2 between

room temperature and 385 �C. This increment of mass may

be attributed to the CO2 absorption over the surface of the

a-LiBO2 particles. The main CO2 chemisorption process

was further carried between 385 and 488 �C, where the

sample absorbed 2.8 wt%. Although it is evident that an

important CO2 desorption process is activated at tempera-

tures higher than 480 �C, the thermogram shows a constant

increment in mass up to 700 �C, indicating that the CO2

absorption continues. It must be noted from the thermo-

gram that the maximum CO2 absorption temperature is

488 �C, which is lower than the temperatures observed for

other lithium ceramics. Most often, the lithium ceramics

show a maximum CO2 absorption at temperatures

C550 �C.

To analyze the CO2 absorption on a-LiBO2 further,

different isothermal studies were performed (Fig. 3). The

isothermal experiment performed at 400 �C presents a

typical exponential behavior, increasing the mass to

1.4 wt% after 4 h. The isotherms obtained between 420 and

460 �C present similar trends, showing an increase in the

CO2 absorption as a function of increasing temperature

from 1.9 wt% to 2.7 wt%. The isotherms recorded at

480 �C and higher temperatures show a decrease in the

CO2 absorption. For short durations, these isotherms seem

to absorb CO2, following a similar trend to that observed in

the previous isotherms. However, at longer durations, the

isotherm presented a loss in the mass, which implies that

the CO2 desorption has already been activated.

To corroborate the chemical trapping of the CO2 by the

a-LiBO2, some of the isothermally treated samples were

characterized by TG and FTIR. Figure 4 presents the

thermograms of the a-LiBO2, both as prepared and after the

isothermal CO2 absorption at 440 �C. Both experiments

were performed in an open air atmosphere. The original

a-LiBO2 sample showed a small but continuous mass loss

of 0.25% between 120 and 400 �C, which can be attributed

to different processes: dehydration of crystalline water,

surface dehydroxylation and decarbonation processes [15,

21]. On the contrary, after the isothermal CO2 absorption at

440 �C, the sample only presented a well-defined mass

loss, centered at 420 �C, which confirmed the absorption of

CO2 onto the ceramic. The mass loss (2.5%) is very similar

to the mass increment produced during the isothermal
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Fig. 2 Dynamic thermogravimetric analysis of the a-LiBO2 into a

flux of CO2
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Fig. 3 Isothermal thermogravimetric analyses of CO2 chemisorption

on a-LiBO2 at different temperatures
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experiment (2.2%). In this case, the decarbonation process

was produced at lower temperatures compared to the initial

CO2 dynamic thermogram (Fig. 2). This can be explained

by taking into account that, in the first case, the atmosphere

was CO2, which must have resulted in shifting the

desorption equilibrium to higher temperatures.

Figure 5 shows the FTIR spectra of the a-LiBO2 original

sample and of the other samples after the isothermal CO2

absorption. The a-LiBO2 original sample presents an

identical spectrum to the one previously reported for this

phase [15]. The broad absorption bands between 1100 and

1450 cm-1 are attributed to the B–O stretching vibrations

of the BO3 species, whereas the vibration bands present

between 800 and 1100 cm-1 are attributed to the B–O

bond stretching of tetrahedral BO4 units. Finally, the

integrated vibration peaks of BO3, BO4 and Li–O are

located between 400 and 800 cm-1 [14, 15, 22–24]. Once

the ceramic was carbonated, either at 420 or 460 �C, the

initial FTIR bands corresponding to the a-LiBO2 phase

disappeared, and new and stronger band vibrations

appeared. These new band vibrations were located at 459,

681, 758, 828 and 960 cm-1, where all of them fitted very

well to the vibration bands of the c-LiBO2 phase [15].

These changes indicate a phase transformation from

a-LiBO2 to c-LiBO2, which occurred during the isothermal

carbonation. Only the band vibration located at 828 cm-1

was broader and with a higher intensity compared to the

previous literature reports, which can be explained by the

vibration band of Li2CO3, which occurs at a similar posi-

tion, 840–860 cm-1 [25]. Finally, FTIR spectra of the

samples, thermally treated at 500, 600 and 650 �C, showed

that a-LiBO2 phase was almost totally recovered.

To support these results, a DSC experiment was per-

formed. Figure 6 shows the results from a DSC experiment

performed on the a-LiBO2 sample in a CO2 atmosphere.

This curve shows three different endothermic peaks at 392,

467 and 496 �C. The first two endothermic peaks can be

associated with the CO2 absorption and the a ? c LiBO2

phase transformation, respectively, while the third signal

may be attributed to the CO2 desorption and/or the c ? a
-LiBO2 phase transformation processes, according to the

TG and FTIR results. In fact, the first and the third DSC

endothermic peaks agree with the CO2 absorption tem-

perature range observed in the TG analysis, as shown in the

Fig. 2. Therefore, the second endothermic peak observed at

467 �C must correspond to the a ? c LiBO2 phase trans-

formation, as previously indicated by the FTIR analysis.

Certain features from the previous FTIR and DSC

results should be noted. a-LiBO2 is transformed into the

c-LiBO2 phase during the thermal carbonation process.

However, this phase transition reversed when the process

was performed at 500 �C or higher temperatures. Of

course, a part of the ceramic reacted to produce lithium

carbonate. These findings are all in good agreement with

the literature, where it has been shown that a-LiBO2
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Fig. 4 Dynamic thermogravimetric analyses of the a-LiBO2 original
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2000 1600 1200 800 400
Wavenumber/cm–1

T
ra

ns
m

itt
an

ce
/a

.u
.

Original

420 °C

460 °C

500 °C

600 °C

650 °C

Fig. 5 FTIR spectra of the a-LiBO2 sample, after the isothermal CO2

absorption at different temperatures and as prepared

350 400 450 500

–50

–40

–30

–20

–10

0

10

20

Temperature/°C

H
ea

t f
lo

w
/m

W

Fig. 6 DSC analysis of the a-LiBO2 sample into a CO2 atmosphere
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transforms into c-LiBO2 at both increasing temperature

(850 �C) and pressure (3.5 GPa) [15]. Additionally, Liang

et al. [21] reported the a ? c phase transition under iso-

thermal heating at T B 570 �C and atmospheric pressure,

but starting the transition from the amorphous phase rather

than the crystalline LiBO2 phase. These reports strongly

suggest that the CO2 absorption mainly occurs over the

c-LiBO2 phase. Initially, the a-LiBO2 phase begins to

absorb CO2 between the room temperature and approxi-

mately 400 �C. Subsequently, the a ? c LiBO2 phase

transformation occurs, which enhances the CO2 absorption

significantly. Finally, once the a-LiBO2 phase is recovered

from the c ? a phase transformation, the CO2 absorption

is strongly reduced. This behavior may be explained by the

phase structure because the c-LiBO2 phase is denser than

the a-LiBO2 phase [15]. Hence, the phase transformation

may be the limiting step of the CO2 capture process.

Conclusions

a-LiBO2 was synthesized and characterized. It presented a

dense polyhedral morphology with a small surface area,

1.3 m2/g. The thermal analysis performed in a CO2 flow,

along with the DSC and FTIR studies, showed that the

a-LiBO2 was transformed into the c-LiBO2, characterized

by a mass gain, indicating that the c-LiBO2 phase was

responsible for the CO2 capture process. Boron, being a

very light element in comparison with the other structural

elements, may be useful in the production of solid solu-

tions, where it may help to modify and increase the CO2

absorption properties of ceramics.
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