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Abstract: LiTiO, was prepared from tetraethoxy titanium and lithium ethoxide by a sol-gel process
and then treated at 773 K and 973 K under oxygen atmosphere, respectively. Compared with LiTiO,
prepared at 973 K, LiTiO, prepared at 773 K has better CO, capture properties. XRD patterns of
synthetic LiTiO, before and after CO, capture confirm that the intermediate product, LixTi,O,, is
produced during CO, capture. CO, absorption degree of LiTiO, was determined to be 37% (293 K),
40.8% (333 K), 45.5% (373 K), and 50.1% (393 K) for 11.75 h, respectively. Repetitive CO, capture
experiment indicates that LiTiO, has excellent cyclic regeneration behavior. The CO, absorption
degree of LiTiO, increased with increasing CO, concentration. At a concentration of 0.05%, the
absorption degree of LiTiO, had a stable value of 1% even after an absorption time of 1.4 h. LiBO,
was fabricated by the similar sol-gel method and treated at 713 K. Mass percentage and specific
surface area of synthesized LiBO, increased with the increasing absorption temperature. Evidently,
the diffusion of the CO, molecule through the reaction product, which had a low activation energy
of 15 kJ-mol~! and apparent specific surface value of 55.63 m? /g, determined the efficiency of the
absorption reaction. Compared with the other sol-gel synthesized lithium-based oxides, LiTiO,
possessed higher absorption capabilities and lower desorption temperature.

Keywords: LiTiO,; LiBO,; sol-gel synthesis; CO, capture; rate-determining process

1. Introduction

Solid ceramic absorbents, as one of the most utilized materials for carbon dioxide cap-
ture [1,2], have gained more and more attention for their highly cost-effective and energy
efficient characteristics for CO, capturing and sequestration by chemical absorption [3,4].
High-performance absorbents required high selectivity and CO, absorption capacity, good
absorption/desorption kinetics, and stable absorption capacity after repeated cycles. Solid
ceramic absorbents include lithium-based ceramic sorbents and sodium-based ceramic
sorbents. Sodium-based adsorbents have a high theoretical adsorption capacity and low
cost, but have a lower reaction rate and adsorption capacity under actual operating condi-
tions [5-7].

Lithium ceramic absorbents, such as LiySiO4 [4,8-11], LipZrOs [12-14], and
Li;,MnO; [15], had displayed high CO, absorption capacity [16] and ultrafast carbon
dioxide sorption kinetics [17]. The development of novel materials for CO, capture is one
of the important themes in adsorption science [18]. It is meaningful to study CO, capture
properties of LiTiO; and LiBO, for the prominent CO, absorbent materials because they
can react with CO; reversibly. Compared with other CO; absorbers, another advantage
for lithium ceramic absorbents is that different absorption thermodynamic equilibrium
temperatures expand the CO, capture temperature range so these corresponding oxides
can be applied for different temperatures [16].

CO; absorption properties of those compounds were not only influenced by the con-
stituents but also the synthesis methods [19]. LisSiO4 has been prepared by one-step
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synthesis [20-22] or the sample rolling ball method [11,23]. LiTiO; has been synthesized
by mechanochemical reactions between Li,O, Ti, and TiO, by ball milling [24], the elec-
trochemical insertion of Li* into TiO; in a fused LiCl salt medium [25], the hydrothermal
method [26], microwave heating of the mixture of LiyCO3 and TiO, [27] method, and so
on. When compared to conventional techniques, sol-gel polymerization synthesis offers
superior control over the production of fine powders of better purity at low temperatures
and requires just basic tools and procedures [28].

In our former research, Li;ZrO3; and Li;SiO3; have been fabricated by sol-gel pro-
cess [29,30]. CO, absorption degree of synthesized Li,ZrO; was higher than that of
solid-state synthesized Li;ZrOj [29]. Therefore, sol-gel synthesized LiTiO; and LiBO,
are speculated to exhibit similar CO, absorption characteristics of Li,ZrO3 [31]. However,
synthesis of LiTiO, and LiBO, by a similar sol-gel process has little been reported.

In this study, LiTiO, and LiBO, powders were synthesized by the sol-gel process. The
reversible reactions between LiTiO; and LiBO, and CO; are listed below. CO, absorp-
tion properties and cyclic behavior of LiTiO, were evaluated by dynamic and isothermal
thermogravimetry analysis. CO, capture properties and the specific surface area of LiBO,
were evaluated with chromatography and the BET method, respectively. Kinetic of CO,
absorption/desorption processes of LiTiO, was analyzed with different kinetic equations.
CO; capture properties of sol-gel synthesized lithium ceramic absorbents were compared
and summarized.

2 L1T102 + C02 = L12C03 + Ti203 (1)

2 LiB02 + C02 = LizCO3 + 8203 (2)

2. Materials and Methods
2.1. Sol-Gel Synthesis Processes of LiTiO, and LiBO,

The sol-gel synthesis processes of LiTiO, and LiBO, are described as follows. The
preparation of sol was conducted under dry Nj atmosphere because sol is extremely
sensitive to moisture. Table 1 lists the starting material information and molar ratio for
the synthesis of LiTiO; and LiBO,. Firstly, Ti(OC,;Hs)4 or B(i-OC3Hy)3 was dissolved by
stirring in the mixture of (C;H4OH),0 and a quarter of C;H50H. Then, drop by drop,
distilled water containing another quarter of C;HsOH was stirred into the aforementioned
solution until it was clear. In another container, LiOC,Hs was incorporated in 50 percent
of the C;HsOH solution by swirling. The molar ratio of Li:B was designed to be 3:2 in
order to compensate for the loss of Li atoms during the preparation of the LiBO; solvate
precursors. Finally, clear lithium precursor solution was slowly added to the titanium
precursor solution. These solutions were mixed by stirring and then aged for 24 h at
room temperature.

Table 1. Raw material information and molar ratio for synthesis of LiTiO, and LiBO,.

Reagent Chemical Formula LiTiO, LiBO,
Tetra-ethoxytitanium Ti(OC,Hs)4 1 -
Tri-isopropoxyboron B(i-OC3Hy)3 - 2

Lithium ethoxide LiOCyH5 1 3

Ethanol C,Hs0H 200 50

Diethylene glycol (C,H40OH),0 10 3
Distilled water H,O 5 6

The gel was produced by vacuum curing the sol in a Petri plate at room temperature
for 48 h. To hasten the breakdown of organic residues, the wet gel was heated to 773 K (or
973 K) for the preparation of LiTiO, and 713 K for the preparation of LiBO, with duration
of 0.5 h under a flow of oxygen gas, respectively. The resultant powder was ground gently
by an agate mortar to break the agglomerates. Lastly, the ground powder was heated to
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623 K for an absorption time of 0.3 h under Ar atmosphere to remove the absorbent CO,
during the synthesis process.

2.2. Characterization

The synthesized powders were characterized through the utilization of X-ray diffrac-
tion (XRD: Rint-Ultima+, Rigaku Corp., Tokyo, Japan) with monochromatic CuKe radiation.
On a surface area analyzer (Autosorb-1, Quantachrome, Boynton Beach, FL, USA), the
Brunauer-Emmett-Teller (BET) technique was used to measure the specific surface areas
(SSA) of synthesized powders.

CO;, capture properties of LiTiO; and LiBO, were evaluated simultaneously by ther-
mogravimetry and differential thermal analysis (TG-DTA2000S, MAC Science Co., Ltd.,
Kanagawa, Japan). To determine the CO, capture temperatures, the produced LiTiO,
powder was heated from ambient temperature to 623 K continuously at 10 °C-min~! under
300 mL/min of dry CO; flowing. To understand the repetitive CO, absorption properties,
the samples were heated to 388 K at a rate of 5 °C/min for 0.9 h under CO, atmosphere
after heating at 623 K under Ar atmosphere and cooling to ambient. These steps were
repeated five times.

Absorption degree is calculated by multiplying the proportion weight of LiTiO, or
LiBO, added following absorbing by the percentage amount added to equate to 100%
reaction completion of the reaction, as shown in Equations (1) and (2). The degree of
absorption was calculated with the mathematical formula Equation (3):

R=(M; — M;)/Ma 3)

where R represents absorption degree (%); M; and M, are sample mass (mg) before and
after CO, absorption, respectively. The factor « is a value of LiTiO, /LiBO, mass required
to absorb one mole of CO; divided by the molecular mass of CO,. The estimated value of
a is 0.253 for LiTiO, and 0.44 for LiBO,.

To investigate the influence of CO, concentration on the absorption degree of LiTiOp,
the synthesized LiTiO, powder was heated to 388 K at a rate of 5 °C-min~! in a gas mixture
of CO; and N, gas with a flowing rate of 300 mL/min. The mixture ratio of CO; was 0.05%
(500 ppm, which is close to CO; concentration of the ambient atmosphere), 10%, 40%, and
100%, respectively. LiBO, was evaluated with the mixture gas of N, and CO; (volume
ratio = 6:4) by the gas chromatography method to check the variation of CO, concentration
with time. The sample was placed in the sample holder in the furnace and the mixture gas
flowed into the furnace from the right (primary gas) and left side (secondary gas). The
primary gas pressure was 0.1 MPa and gas flowing rate was 500 mL/min. The secondary
gas flowing rate was 30 mL/min.

3. Results
3.1. Synthesis of LiTiO, and LiBO, Powders

Figure 1 depicts TG-DTA trends for the chemically synthesized products heated to
623 K in a CO, environment as the second heat treatment. The samples were prepared
by heating the gel at 773 K (marked as LiTiO,-A) and 973 K (marked as LiTiO,-B), respec-
tively. LiTiO,-A and LiTiO,-B showed similar TG behavior as the temperature increased.
TG of LiTiO;-A increased gradually with a temperature up to approximately 360 K and
subsequently decreased immediately at 360-573 K. The remarkable rise and decline of mass
of LiTiO,-A corresponded to CO; absorption and desorption. Above 573 K, the value of
mass loss transfer changed from positive to negative. The difference in the amount of CO,
before absorption and after desorption can be attributed to the characteristics of the sol-gel
synthesized powders. A carbonated phase is said to have formed when heat treatment
breaks down any remaining organic materials in wet gels.
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Figure 1. TG-DTA curves of sample prepared by heating the gel at 773 K (a) and 973 K (b) under
CO, atmosphere.

DTA curve of LiTiO,-A showed a strong endothermic peak at the beginning of the
reaction, indicating CO, absorption, while LiTiO;-B exhibited a relatively low endothermic
DTA peak. At approximately 360 K, the mass loss of LiTiO;-A reached its maximum of
0.9 mg, which is 4.5 times higher than that of LiTiO,-B (0.2 mg at 330 K), revealing that
LiTiO;-A has better CO; capture property than that of LiTiO,-B. For this reason, the gel
was heated at 773 K in the subsequent experiment.

Figure 2 displays the TG-DTA profiles for the synthetic products heated to 650 K in
an environment of Ar. The mass of LiTiO,-A decreased at above 320 K, which was lower
than that treated under CO; atmosphere (360 K), as shown in Figure 1a. Table 2 lists the
weight losses of sample prepared by heating the gel at 773-973 K. This mass loss may
potentially be related to CO, desorption, which results from the initial remaining organic
component’s dissociation. The decomposition temperature of carbonates decreases with
the fall of CO, partial pressure under the Ar atmosphere. Both the TG and DTA curve also
saturate to a constant at 630 K, and there is no further drop in mass beyond 623 K under the
Ar atmosphere. Therefore, all the adsorbent CO, can be assumed to be released at 623 K.
Hence, CO; capture properties were studied after heating the samples to 623 K under an
Ar atmosphere.
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Figure 2. TG-DTA curves of sample prepared by heating the gel at 773 K under Ar atmosphere.

Table 2. Weight losses of sample prepared by heating the gel at 773-973 K.

Temperature (K) Atmosphere Weight Losses (mg)
773 CO, 15
973 CO, 0.8

773 Ar 4.7
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XRD patterns of synthetic LiTiO, before and after CO, absorption are shown in
Figure 3. This sample reacted with CO, at 373 K for 11.75 h for the absorption degree of
43%, which will be discussed later in detail. Before CO, absorption, diffraction peaks corre-
sponding to single LiTiO, have been confirmed in Figure 3a. During CO, adsorption, the
intermediate product LixTi, O, is generated (Figure 3b) and after five cycles of adsorption
LiTiO; is re-formed (Figure 3c).

(c) after CO, capture five-times
¢ Li,Ti,0,

= (b) after CO, capture one-time|
= 2

XRD intensity(arb.unit)

(a) before CO, capturce

10 20 3|0 40 50 60 70
20 (deg.)

Figure 3. XRD patterns of synthetic LiTiO, before and after CO, absorption.

The SSA of LiTiO; before and after CO, absorption was found to be 55.63 and
61.56 m2-g~1, respectively. If we assume that the mass of LiTiO, is 188 g, the system
theory volume can be calculated according to the density of LiTiO; (3.15 g-cm~3). Similarly,
the system volume after CO, absorption is calculated with the densities of LiCO3 and TipO3
(2.11 and 4.49 g-cm 3, respectively). The system theory volume increased by 11% following
with CO, absorption progress, indicating that SSA of LiTiO, should be enlarged during the
CO; absorption process.

3.2. CO, Absorption Properties of LiTiOy and LiBO,

Figure 4 shows the absorption curves of LiTiO, for an absorption time of 11.75 h ob-
tained from TG. The temperature increased with a rate of 5 °C-min ! and then maintained
at 293 K, 333 K, 373 K, and 393 K, respectively. As shown in Table 3, the absorption degree
attained 37%, 40.8%, 45.5%, and 50.1% at the maintained temperature of 293 K, 333 K, 373 K,
and 393 K, respectively. CO, absorption degrees of sol-gel synthesized Li,ZrO3; were also
considered for comparison [29]. The CO; absorption degree of Li;ZrOs only attained 17%,
20%, and 22% at the same conditions [29].
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Figure 4. Comparison absorption degree of CO, between LiTiO,.

Table 3. Absorption degree of LiTiO, at 293K-393 K for the absorption time of 2-11.75 h.

Temperature (K) Abs. 2 (h) Abs. 4 (h) Abs. 8 (h) Abs. 11.75 (h)
293 14.9 20.3 29.1 37.0
333 239 31.0 37.7 40.8
373 335 39.8 440 45.5
393 37.2 429 48.0 50.1

Repetitive CO, absorption degree of LiTiO, was obtained from TG analysis as shown
in Figure 5. The repetitive CO, absorption degree decreased slightly every time with a
mean drop of 0.5%. As shown in Table 4, the absorption degree of LiTiO, decreases with
the increasing number of cycles. This result is similar with that of sol-gel synthesized

LizZI‘Og [29]

Absorption degree (%)

First-time COz absorption -
—#— Sccond-time CO2 absorption
—— Third-time COz absorption |
—+—Tiorth-lime COz absorplion
—— Fiveth-time COz absorption

wd
=
-

Temperature (K)

340

—— Temperature 7
1 1 |

1
0.4 0.6 0.8 1.0 1.2 14

Time (hr)

320

300

Figure 5. Repetitive cycles absorption on absorption degree of LiTiO,.

Table 4. Absorption degree of LiTiO; for the repetitive cycles.

CO, Absorption Abs. 0.2 (h) Abs. 0.6 (h) Abs. 1.0 (h) Abs. 0.14 (h)
First time 222 26.9 29.6 31.3
Second time 21.6 25.7 28.2 30.7
Third time 22.1 25.2 27.3 29.1
Fourth time 21.0 25.6 28.0 29.6
Fifth time 20.8 241 26.4 28.1

Figure 6 shows the influence of variation of CO, concentration on the absorption
degree of LiTiO; at different temperatures. As shown in Table 5, the absorption degree
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enlarges with the augmentation of CO, concentration. The absorption degree of LiTiO,
is approximately 30% under pure CO; atmosphere. Moreover, the absorption degree of
LiTiO; decreases from 25% to 23% as CO, concentration reduces from 40% to 10%. Finally,

the absorption degree is a minuscule 1% even after an absorption time of 1.4 h at a CO,
concentration of 0.05%.

——COz concentration 100%
CO» concentration 40%

Absorption degree (%)

—— (02 concentration 500 ppm

—+—Temperature

—— C0O2 coneentration 10% 4

i
Temperature (K)

320

[
=]
=]

9 L L 1

0.0 0.2 0.4 0.6 0.8

1.0

1.2

280
1.4

Absorption time (hr)

Figure 6. Dependence of CO, concentrations on the absorption degree of LiTiO;.

Table 5. Dependence of the concentrations of CO, in the atmosphere on the degree of absorption.

CO, Absorption Abs. 0.2 (h) Abs. 0.6 (h) Abs. 1.0 (h) Abs. 0.14 (h)
500 ppm 24 1.3 0.9 0.9
10% 13.1 20.7 22.8 237
40% 18.6 24.0 25.8 26.4
100% 22.3 26.9 29.6 31.3

The mass percentage of synthetic LiBO, at 333423 K is shown in Figure 7. As shown
in Table 6, the mass percentage of synthetic LiBO, enlarged with the augment of CO,
absorption temperature. LiBO; reacted with CO, with the extension of the absorption
time. Higher explored temperatures improved the reaction activation energy and then
increased the mass percentage of LiBO,. The mass percentage of synthetic LiBO, at 393 and
423 K presents a second mass increment in the last part of these curves. Usually, similar
behaviors have been associated with physical adsorption. Therefore, absorption of LiBO,
is the mixture of both the physical adsorption and chemical absorption of CO,. Table 7 lists
the specific surface area and mass percentage of synthetic LiBO,. Following the increasing
absorption temperature, SSA of synthetic LiBO, obviously increased. SSA of synthetic
LiBO; is larger than that of Li;ZrO3 (SSA value of 6.9 m?2/ g). Similar to LiBO,, Li3BOs
exhibits exceptionally quick kinetics and a high ability to collect CO, [32].
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Figure 7. Weight percentage of synthetic LiBO, at 333—423 K.
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Table 6. Mass increasing rate of LiBO; at 333423 K for the absorption time of 6-18 h.

Temperature (K) Abs. 6 (h) Abs. 12 (h) Abs. 18 (h)
333 2.8 3.7 4.5
363 41 5.5 5.8
393 4.0 5.8 7.9
423 5.0 6.6 8.5

Table 7. Specific surface area and weight percentage of synthetic LiBO,.

Temperature (K) Weight Percentage (%) SSA (m?/g)
293 0 12.2
333 4.5 16.8
363 5.7 30.5

Figure 8 shows the evaluation of CO; absorption properties of LiBO, with the gas
chromatography method. As the absorption time extended, CO, concentrations lessened
firstly and then reached a saturation value at 363 K and 393 K. As shown in Table 8, higher
absorption temperatures can shorten the absorption time for saturation, which is the same
as the result of mass percentage (Figure 7). However, the variation of CO, concentration
for the absorption at 363 K is larger than that for the absorption at 393 K because the
equilibrium temperature of LiBO, is 333 K.

4.0

—©—CO, absorption at 363 K
€0, absorption at 393 K
(ras concentration rate N2;C Oz —6;4

35.8F

COn concentration (%)
2
T

\ .
0 5 14 15 20 25
Abserption time (hr)

Figure 8. Evaluation of CO, absorption properties of LiBO, with gas chromatography method.

Table 8. Evaluation of CO, absorption properties of LiBO, with gas chromatography method.

Temperature (K) Abs. 5 (h) Abs. 10 (h) Abs. 15 (h) Abs. 20 (h)
363 39.8 39.5 39.3 39.2
393 39.3 39.0 38.8 39.0

3.3. Kinetic Calculation Analysis

The kinetic consecutive reaction model for CO, capture on lithium ceramic absorbents
was connected with the CO, flow rate [33]. The conversion kinetics for the interaction
combining LiTiO, and CO, are shown in Figure 9. This reaction mechanism for LiTiO; was
similar to the reported model of high-temperature CO, capture on Li;ZrO3 [34,35] The

following rate equations were employed for analyzing the experimental data, as shown in
Figure 4:

(1) equations generated from mobility modeling procedures where gas diffusion through
the LiyCO5 and Ti; O3 layer is the rate-limiting phase, especially, the Yander formula [36],
Y1 =(1 — (1 — R)!/3)? = kt; and Gistling model [37], Y2 =1 — 20t/3 — (1 — «)?/3 =kt;
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0.20

(2) equation for reactions in cylinder-shaped particles that are constrained by interfacial
processes, Y1 =1 — (1 — o0)/2=kt;and Y, =1 — (1 — )1/5.
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Figure 9. Plot of reaction kinetics and absorption time at 293 K (a), 333 K (b), 373 K (c), and 393 K (d)
for data from Figure 4.

In Figure 9, data analysis shows that the highest correlation coefficient is achieved
between 293 K and 393 K when the Yander equation [38] and Gistling equation [39] are fit.
The formula of interactions restricted by contact processes just fits for the absorption at low
temperature (293 K) and fails at high temperature due to the change of shape of the LiTiO,
particle and the thickness of the product layer. These equations apply only for a sphere
when the radius is very large as compared with the thickness of the product layer. An
approximately linear dependence is found to a relatively high absorption degree. Therefore,
the rate-determining step might be the gas diffusion in the Li;COj3 and Ti, O3 layer.

The Gistling equation is provided below [39]:

1—3(1 — R)*3 +2(1 — R) = @2MDC/apry®) = k't (4)

where R denotes the percentage of absorption, (%); M is the reactant’s molecular mass,
(g'mol~1); D is the intra-particle efficient diffusivity, (cm?-s~1); C stands for the reagent
concentration; « means the stoichiometric ratio; p indicates the reactant density; ry is the
reactant’s initial particle diameter, (cm); t is the reaction time, (s); and k” is the rate parameter.

Accorded to Equation (4), the values of rate constant k” are calculated. Rate constant k’
showed linear temperature dependence. The effective kinetic energy (AE) is determined
from the values of the slope and is calculated as 15 kJ-mol~!. This value is slightly smaller
than that of sol-gel synthesized Li,ZrOs (24 kJ-mol~! [40]). As a further comparison, the
apparent activation energy of zeolite pores with the approximate diameter of 0.4 nm is
approximately 20 kJ-mol~! during CO, diffusion through [41]. The rate-determining step
of CO; capture in the instance of LiTiO, is likewise assumed to be its dispersion in the
chemical process of diffusion.
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3.4. Evaluation of CO, Capture Properties of Sol-Gel Prepared Lithium Ceramic Absorbents

Figure 10 shows a comparison of mass percentage of sol-gel synthesized lithium
ceramic absorbents at 333K. Compared with other lithium ceramic absorbents, LiTiO, has
the maximal mass percentage as shown in Table 9. It might be attributed to the larger
specific surface area SSA (Table 3) and lower activation energy of sol-gel synthesized
LiTiO,. On comparison of the ambient temperature CO, absorption properties of LiTiO,
and LipZrO3; powders [29] synthesized by the same sol-gel process, the absorption degree
of LiTiO, was two times higher than that of Li»ZrO3. This difference should be attributed
to the major difference in specific surface areas of 55.63 m?-g~! of LiTiO, as compared with
12.25 mz-g’1 of LiZrO3, determined before CO, absorption.

8- ——Li2Zr(s
— Li2Si0n
—LiBO2

Mass increasing rate {%o)

6 8 10 12
Time (hr)

(13
N

Figure 10. Comparison of weight percentage of sol-gel synthesized lithium-based oxides at 333 K.

Table 9. Mass increasing rate of lithium-based oxides for the absorption time of 2-11.75 h.

Temperature (K) Abs. 2 (h) Abs. 4 (h) Abs. 8 (h) Abs. 11.75 (h)
LiTiO, 6.1 7.9 9.7 105
Liy ZrO; 2.1 33 48 6.0
Li,SiO; 12 2.1 3.2 41
LiBO, 15 25 3.1 3.6

Table 10 summarizes the CO, capture properties of lithium ceramic absorbents syn-
thesized by the sol-gel method. These lithium ceramic absorbents, which have different
CO; emission temperatures, can be employed at an altered temperature range. LiTiO; has
the highest CO, absorptivity and largest mass percentage among these lithium ceramic
absorbents due to its smallest activation energy. The equilibrium temperature of LiTiO,
(393 K) is considerably lower than that of Li; ZrO; (992 K), indicating that LiTiO; is easier to
renew compared with Li;ZrOj3; that is, LiTiO; is a more efficient CO, absorption material
than Li;ZrO3. The sol-gel synthesized LiTiO; powders can be employed as a solid CO,
sorbent at near-ambient temperatures.

Table 10. CO, capture properties of lithium-based oxides synthesized by sol-gel method.

Property LizZl‘Og, [29] LizSiOg, [30] Li4SiO4 L1T102 LiBOz
CO; emission temp.(K) 923 593 643 393 333
CO, absorptivity (%) room T 23 8 - 38 -
Weight percentage (%) 5 4 3 10 4
SSA (m?/g) 6.9 40.6 3.1 55.6 12.2
SSA (m?/ g) (after absorption) - - - 61.56 -
Activation energy (kJ/mol) 24 28 - -
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4. Conclusions

The preparation process of LiTiO, and LiBO, by a sol-gel process was investigated.
LiTiO, and LiBO, with a larger SSA were fabricated by this method. The variety of TG-
DTA revealed that LiTiO; prepared at 773 K has better CO, capture property, especially at
approximately room temperature. The reaction between LiTiO, and CO; is reversible with
an equilibrium temperature of 500 K. LiTiO, showed excellent repeated cyclic absorption
behavior for CO, absorption and desorption. The absorption degree of LiTiO, reached
50.1% at 393 K for 11.75 h. The repetitive CO, absorption degree experiment indicates that
CO; absorption degree decreased slightly every time with a mean decrease of 0.5%. The
absorption degree of LiTiO, lessened with the diminution of CO, concentration. At a CO,
concentration of 0.05%, the LiTiO, showed a low CO, absorption degree but kept a stable
absorption degree of 1% as time went on. Higher absorption temperature increased the
mass percentage and specific surface area of synthetic LiBO,. The absorption behavior could
be well explained by an intra-particle diffusion mechanism. The rate-determining step is
CO;, diffusion through the Li;CO3 and Ti,O3 layer with activation energy of 15 kJ-mol !,
which is slightly smaller than that of Li;ZrO3 prepared by the same sol-gel process.
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