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Thermokinetic Analysis of the CO, Chemisorption on LisSiO4 by Using Different Gas Flow
Rates and Particle Sizes
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Lithium orthosilicate (Li,SiO4) was synthesized by solid-state reaction and then its CO, chemisorption capacity
was evaluated as a function of the CO, flow rate and particle size. Initially, a Li,SiO, sample, with a total
surface area of 0.4 m*g, was used to analyze the CO, chemisorption, varying the CO, flow between 30 and
200 mL/min. Results showed that CO, flows modify the kinetic regime from which CO, capture is controlled.
In the first moments and at low CO, flows, the CO, capture is controlled by the CO, diffusion through the
gas-film system, whereas at high CO, flows it is controlled by the CO, chemisorption reaction rate. Later, at
larger times, once the carbonate—oxide external shell has been produced the whole process depends on the
CO, chemisorption kinetically controlled by the lithium diffusion process, independently of the CO, flow.
Additionally, thermokinetic analyses suggest that temperature induces a CO, particle surface saturation, due
to an increment of CO, diffusion through the gas-film interface. To elucidate this hypothesis, the LiySiOy4
sample was pulverized to increase the surface area (1.5 m?/g). Results showed that increasing the surface
particle area, the saturation was not reached. Finally, the enthalpy activation (AH¥) values were estimated for
the two CO, chemisorption processes, the CO, direct chemisorption produced at the Li,SiO, surface, and the
CO,; chemisorption kinetically controlled by the lithium diffusion, once the carbonate—oxide shell has been

produced.

Introduction

Environmentally, CO, production, sequestration, storage, and/
or reutilization are some of the most important issues to be
solved in the near future, due to their direct impact with the
greenhouse effect and Earth’s temperature. In this sense, lithium
ceramics have been studied as possible CO, captors, showing
some interesting results.!”!% In fact, two of the most important
properties of this kind of ceramics are: (1) The CO, chemi-
sorption can be performed in a wide range of temperatures, from
room temperature up to 650—710 °C,? and (2) Several of these
materials are recyclable.>*

Among lithium ceramics, lithium orthosilicate (Li;SiOy)
seems to be one of the most promising materials into this field.

LisSiO4 chemisorbs CO, according to the following reac-
tion:27-10-19

Li,SiO, + CO, <> Li,CO, + Li,SiO, )

It has to be mentioned that previous works claimed that
Li,SiO5; was not able to absorb CO,.'%?° Then, more recent
papers proposed that CO, absorption on Li,SiO; does occur,
but it is not kinetically favored, and it only occurs under very
specific conditions.!>?!

Different kinds of approximations have been performed
to analyze the CO, chemisorption process on lithium and in
general alkaline ceramics. Some papers have reported varia-
tion as a function of the particle size,'3?>?} which is totally
related to the surface area and its higher capacity to chemisorb
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CO, obtaining better efficiencies. Other papers report that
CO, chemisorption can be improved due to structural
modifications on the ceramics (doping and solid-solutions
synthesis)!71%2#728 and some other papers have studied
qualitatively the CO, concentration effect by mixing CO, with
different gases such as Ny, Ar, or even dry air.>”!>% In this
last point, as it may be expected, it has been seen that by
increasing the CO, concentration, capture increases as well,
independently of the second gas. All these previous works
have been done using different CO, flows, without paying
much more attention to this variable. Only Lin and co-
workers did a qualitative analysis of this factor, varying the
CO; flow from 40 to 160 mL/min during the CO, capture on
K-doped Li,ZrO;.?? From this analysis, authors suggested that
with a CO, flow rate equal or higher than 160 mL/min “the
CO, pressure increase is close to step function compared to
the total uptake time”.?? In addition, it has to be remembered
that CO, chemisorption on lithium ceramics corresponds to
a reaction system where the gas contacts the solid, reacts
with it, and then transforms it into a product that produces
an external shell. Then, in order to continue the CO,
chemisorption it is necessary that lithium atoms present into
the ceramic bulk diffuse to the surface to react with CO,.
From the literature, it is well-known that for these systems
some possible variables are the CO, diffusion through the
gas-film and/or the lithium diffusion through the external
product shell, which, in the first case, may be altered by
varying the flow gas.’® Therefore, the aim of this paper was
to study the effect of the flow gas on the CO, chemisorption
on Li4SiOy, one of the most promising lithium ceramics, and
then to analyze kinetically the CO, chemisorption process
at those different flow conditions.
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Figure 1. XRD pattern and N, adsorption—desorption isotherm (inset)
of the Li,SiO, sample.

Experimental Section

Li;SiO,4 was synthesized by solid-state method, using lithium
carbonate (Li,CO;, Aldrich) and silica gel (SiO,, Merck).
Initially, both powders were mechanically mixed. Then, the
mixture was calcined at 850 °C for 8 h, with an intermediate
mechanical milling. To improve the synthesis, 10 wt % of
lithium excess was used, due to the high tendency of lithium to
sublimate.

Sample was characterized by different techniques. For the
X-ray diffraction (XRD) a diffractometer Bruker AXS D8
Advance was used coupled to a copper anode X-ray tube.
Li,SiO4 was identified conventionally by its corresponding Joint
Committee Powder Diffraction Standard (JCPDS) file. Nitrogen
adsorption—desorption isotherms and BET surface area analyses
were determined with a Bel-Japan Minisorp II equipment, at
77 K using a multipoint technique. Samples were previously
degasified at 85 °C for 12 h in vacuum. Finally, different thermal
analyses were performed in a Q500HR equipment from TA
Instruments. Initially, a set of samples were heat-treated
dynamically, with heating rates of 5 and 3 °C/min from room
temperature to 700 °C into different CO, flows (from 30 to 200
mL/min). Then, Li,SiO4 sample was tested isothermically at
different temperatures, into the same CO, flows.

Results and Discussion

Figure 1 presents the characterization of the Li,SiO4 sample
prepared by solid-state method. The XRD pattern fitted to the
37—1472 JCPDS file, which implies that only the Li,SiO,4 phase
is present in the powder. Additionally, a textural analysis was
performed, where the Li,SiO, sample presented an adsorption/
desorption isotherm of type II (inset of Figure 1), exhibiting a
very narrow H3 type hysteresis loop, according to the [IUPAC
classification.?' This behavior corresponds to nonporous materi-
als. Then, the surface area was determined using the BET
method, obtaining a surface area of 0.4 m?%g, which is in total
agreement with the method of synthesis utilized; solid-state
reaction.

Once the Li4SiO, sample was characterized, the material was
thermally treated under different CO, flows into a thermobal-
ance, heating samples at 5 °C/min (Figure 2). Initially, all the
thermograms seem to present similar behaviors. At temperatures
lower than 300 °C all the thermograms are very stable. Then,
between 300 and 400 °C the samples lost around 1 wt %, which
may be attributed to superficial dehydroxylation. It has been
already reported that Li;SiOy is able to react with water steam
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Figure 2. Dynamic thermograms of the Li,SiOy, using a heating rate
of 5 °C/min and different CO, flows. Numbers in each thermogram
correspond to the maxima weight gain.

at room temperature.” Then, as this sample was exposed to the
environment, some hydroxylation must have occurred. Finally,
between 400 and 650 °C the main processes occurred. Initially
all the samples presented an increment of weight, associated to
the carbonation process. Several aspects must be pointed out
from this part of the thermograms. Although the chemisorption
process practically began at the same temperature (425 °C) for
all the samples, the maxima CO, chemisorption temperature was
not the same. Sample treated with a CO, flow of 30 mL/min
presented the maxima chemisorption at 543.7 °C. Then, samples
heat treated with 60, 90, 120, 150, 170, and 190 mL/min CO,
flows shifted temperature to 556.8, 581.7, 592.6, 596.9, 602.7,
and 603.5 °C, respectively. This temperature trend finalized up
to 609.5 °C, which was the maxima CO, chemisorption
temperature for the sample treated into a CO, flow of 200 mL/
min. Thus, varying the CO, flow from 30 to 200 mL/min,
chemisorption temperature was increased in 65.8 °C. To explain
this thermal behavior it should be considered that those maxima
temperatures correspond, equally, to the initial desorption
temperature. Therefore, if the CO, flows modify the CO,
diffusion through the gas-film, according to theoretical analy-
ses,” the equilibrium may be shifted to the right due to a higher
presence of CO, molecules into the gas-film (near to the surface
particles), as a function of the CO, flow. Additionally, in a
previous study it was shown, isothermically for other lithium
ceramic (lithium metazirconate, Li,ZrOs), that at CO, flows of
160 mL/min or higher the CO, pressure is close to step function
compare to the total uptake time.? This reference and the present
work seem to be in good agreement, as the maxima shift on
the chemisorption temperature, observed in this work, was
around 150—170 mL/min. At higher CO, flows the maxima
chemisorption temperature varied more slowly. All these results
suggest that varying the CO, flow may modify the kinetic regime
from which CO, chemisorption is controlled. Although in CO,
flows lower than 150 mL/min the gas-film, over the particle
surface,* controls the process; in CO, flows equal to or higher
than 150 mL/min the process is controlled by the CO,
chemisorption reaction rate. This is only valid in the first
moments of the whole process, before the lithium carbonate
external shell is produced.

From these thermograms two other differences became
evident. First, although it is a qualitative analysis, the CO,
chemisorbed seems to be increased as a function of the CO,
flow. In fact, while the sample treated with a CO, flow of 30
mL/min only increased its weight by 1.8 wt %, the sample
treated with a CO, flow of 200 mL/min gained up to 6.8 wt %,
which is almost four times more CO,. Additionally, the CO,
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Figure 3. Dynamic thermograms of the LisSiOy, using a heating rate
of 3 °C/min and different CO, flows. Numbers in each thermogram
correspond to the maxima weight gain.

chemisorption slopes observed on the different samples changed
as a function of the CO, flow, meaning that kinetic factors are
modified as a function of the CO, flow. All these results strongly
suggest that CO, chemisorption on Li,SiO4 does not only depend
on temperature, but on CO, flow as well.

To further elucidate the kinetic dependency of the CO,
chemisorption on LisSiO4, a sample was analyzed dynamically
again but using a different heating rate (3 °C/min) with the
following CO, flows: 60, 170, and 200 mL/min (Figure 3). In
these cases, the general behavior was the same. The initial
temperature for the CO, chemisorption process occurred at 423
°C, which is practically the same temperature observed in the
previous case (425 °C). However, the maxima CO, chemisorp-
tion temperatures tended to be shifted to higher temperatures,
565.6, 602.7, and 607 °C for the CO, flows of 60, 170, and
200 mL/min, respectively. Finally, the total CO, chemisorbed
increased, again, as a function of the CO, flow, from 4.0 to 8.5
wt %.

As the dynamic thermogravimetric studies involved kinetic
implications on the CO, chemisorption on LisSiOy,, using
different CO, flows, a kinetic analysis was performed with
isothermal experiments. Figure 4 shows the different isotherms
performed varying temperature and CO, flow. Initially, iso-
therms at different temperatures using a CO, flow of 60 mL/
min are shown in Figure 4A. At the lowest temperature (460
°C), the isothermal showed an exponential behavior, trapping
5.2 wt % of CO, after 3 h, and it did not reach a plateau. Then,
samples treated between 480 and 540 °C presented the same
exponential behavior, increasing their weights up to 11.3 wt
%. However, the sample treated at 560 °C presented an atypical
behavior. This isotherm trapped less CO,, 10.8 wt %, in
comparison to the sample treated at 540 °C. In this specific case,
it should be taken into account that this isotherm was performed
over the chemisorption—desorption temperature limit, as the
maxima CO, chemisorption temperature in the dynamic process
was 556.8 °C (see Figure 2). Then, at these specific conditions,
Li4SiO4 is chemisorbing CO,, but at the same time, the Li,CO;
produced must decompose and desorbs CO,. In fact, the
desorption process must be slower than the chemisorption
process, and as the isotherm did not reached the plateau,
chemisorption—desorption equilibrium has not been reached.

Figures 4B and 4C show the isotherms performed at CO,
flows of 150 and 170 mL/min. In both cases, the same
exponential behavior was obtained. At a CO, flow of 150 mL/
min, CO, chemisorption increased as a function of temperature
from 7.7 to 16.3 wt % for 460 and 560 °C, respectively. In this
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flow conditions (150 mL/min), the CO, chemisorption was
higher in all the temperature range and the isotherm performed
at 560 °C did not behave atypically. Of course, this isotherm
did not present the desorption process, as the maxima CO,
chemisorption temperature was shifted up to 596.9 °C (see figure
2). As mentioned previously, isotherms performed with a 170
mL/min flow behave as the 150 mL/min case. There was no
significant variation among them.

Figure 4D presents the isotherms performed with a CO, flow
of 200 mL/min. In this case, a different behavior was observed.
While the sample heat treated at 460 °C captured 6.8 wt %,
samples heat treated at 480 and 500 °C trapped only 5.8 and
6.2 wt %, respectively. Nevertheless, these two samples showed
a faster CO, chemisorption, at short times, than that observed
at 460 °C (see inset of Figure 4D). This behavior has already
been reported for the CO, chemisorption on other alkaline
ceramics such as Na,ZrOj;, LisAlO,, and Li,CuO,.>*>3* This
effect has been associated with a sintering process of the sample,
which produces an important decrement of the surface area,
thereby inhibiting the reaction. This phenomenon is usually
observed only at lower temperatures because once the lithium
diffusion process is activated, sintering and surface area are not
preponderant factors, any more, on the CO, chemisorption
process. In this case, as the CO, flow is considerably high (200
mL/min), the sintered LiySiO, surface may be saturated with
CO; and the whole process should only depend on the reaction
rate. Additionally, it has to be taken into account that the initial
surface area of this sample is very small, 0.4 m?/g.

Most of the isotherms were fitted to a double exponential
model (eq 2,'), assuming that there are only two different
processes taking place during the CO, capture on Li,SiOg4: (1)
CO, chemisorption, initially, is produced directly by the reaction
between the CO, molecules and the LisSiO,4 surface (k;); and
(2) Once the carbonate-oxide external shell is totally formed,
CO, chemisorption is kinetically controlled by lithium diffusion
(k2). The double exponential model to which the isotherms were
fitted is:

y=Aexp ™+ Bexp ¥+ C 2)

where, y represents the weight percentage of CO, chemisorbed;
t is the time; and k; and k, are the exponential constants for the
CO; chemisorption produced directly over the Li4SiO, particles
and CO, chemisorption kinetically controlled by lithium diffu-
sion, respectively. Additionally, the pre-exponential factors A
and B indicate the intervals at which each process controls the
whole CO, capture process, and the C constant indicates the
y-intercept. It has to be added that this model was used
establishing the following assumptions. None of the samples
reached or enhanced the maxima CO, absorption capacity (36.66
wt %, according to reaction 1), which could imply that Li,SiO3
absorbed CO, as well. Additionally, it is well-known that the
kinetic behavior of CO, absorption on Li,Si0; is much slower
than that on Li,SiO,.'3?!

Table 1 shows the CO, direct chemisorption (k;) and
chemisorption kinetically controlled by lithium diffusion (k,)
constant values obtained for the different CO, flows, including
the pre-exponential constants and R? values. Initially, it can be
seen that k; values are, in general, 1 order of magnitude higher
than those obtained for the k, constants, independently of the
CO, flow. Additionally, B constants are always larger than A
constants values. It means that CO, chemisorption, kinetically
controlled by lithium diffusion, occurs in a larger interval of
time than CO, chemisorption produced directly over the particle
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Figure 4. Isotherms of CO, chemisorption on Li4SiOy4 at 460, 480, 500, 520, 540, and 560 °C, using different CO, flows.

surfaces. These results are in total agreement with the fact that
CO, direct chemisorption occurs initially over the particle
surface, but the main content of material is into the bulk of the
ceramic and it is necessary for the lithium diffusion to produce
it. All these results show that CO, chemisorption kinetically
controlled by lithium diffusion is the limiting step of the whole
CO, capture process. These results are in agreement to previous
results published about the CO, chemisorption on Li,SiO, and
other lithium ceramics.>!%%?

To analyze quantitatively the temperature and CO, flow
dependence of the two different processes, the Eyring’s model
was used (eq 3), as it can be used on solid—gas systems:

In(k/T) = —(AH/R)(1/T) + nE + AS/R  (3)

where, k; is the rate constant value of the process i; E represents
a pre-exponential factor, which in Eyring’s formulation is equal
to the ratio of Boltzmann’s constant to Planck’s constant; R is
the ideal gas constant and AH* and AS* are the activation
enthalpy and entropy, respectively.

From Figure 5, it is clear that only the plots of CO,
chemisorption kinetically controlled by lithium diffusion de-
scribe totally linear trends (Figure 5B), fitting Eyring’s model,
where the average AH* was equal to 37.2 = 10 kJ/mol. On the
contrary, k; plots only describe partial linear trends at low
temperatures (Figure 5A), showing a more complex behavior.
In this case, the AH* values increased as a function of the CO,
flow as follows: 94.4, 128.4, 124.4, and 157.8 kJ/mol, fitting
the CO, flow at 60, 150, 170, and 200 mL/min, respectively.
These results indicate that CO, direct chemisorption reaction is
more dependent on temperature than CO, chemisorption kineti-
cally controlled by lithium diffusion.

All these kinetic results show that although the CO, chemi-
sorption kinetically controlled by lithium diffusion does not seem
to change, by varying the CO, flow the CO, direct chemisorption
did change. However, according to the different k values, it was
established as well that CO, capture is kinetically controlled
by lithium diffusion. Therefore, the CO, flow must only affect
the whole process on the first moments, when there is a reaction,
but there is not lithium diffusion. Additionally, Eyring’s plots
show that there are two different phenomena controlling the
CO, direct chemisorption reaction, which vary as a function of
temperature. At low temperatures, where a linear trend was
observed, the reaction should be controlled by the gas-film
system.*® In this case, CO, direct chemisorption depends on the
CO; quantities approaching the particle surface, assuming that
CO, diffusion through the gas-film is slower that the CO,
chemisorption reaction. Then, high temperatures should produce
a particle surface saturation, due to an increment of CO,
diffusion through the gas-film interface. Thus, under these new
conditions, CO, chemisorption only depends on the reaction rate,
during the first instants. At larger times CO, capture is always
kinetically controlled by lithium diffusion.

To corroborate the particle surface saturation, the same
Li,SiO, sample was pulverized in order to increase its surface
area. The new surface area obtained was equal to 1.5 m?/g,
which is almost four times larger than that obtained for the
original sample. Figure 6 shows the dynamic and isothermal
experiments performed for the CO, chemisorption with the
pulverized sample. The dynamic thermogram (Figure 6A) shows
a similar behavior to the original sample, as it could be expected.
Initially, the sample was stable up to 230 °C. Then, between
230 and 420 °C the sample lost around 1.3 wt %, attributed to
superficial dehydroxylation. Later, the CO, chemisorption
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TABLE 1: LisSiO4 Kinetic Parameters Obtained by Using
Different CO, Flows

T (°C) k (sec™h

ky (sec™h) A B ce R?

CO, Flow of 60 mL/min”
460 79 x 107 1.2 x 107 —1.466 —4.934 1064 0.9991
480 1.02 x 1073 1.0 x 107* —2.345 —6.414 108.8 0.9994
500 1.56 x 1073 1.2 x 107* —2.357 —7.689 110.0 0.9994
520 1.66 x 1073 1.5 x 107* —2.680 —7.927 110.5 0.9998
540 1.05x 107* 1.8 x 107* —4.067 —8.616 112.5 0.9998

CO, Flow of 150 mL/min
460 8.0x 107* 1.4 x 107* —3.248 —5.560 108.8 0.9997
480 1.72 x107% 13 x 107* —3.467 —7.821 111.2 0.9994
500 296 x 1073 1.7 x 107* —3.716 —8.668 112.3 0.9996
520 426 x 1073 2.1 x 107* —4.231 —8.711 112.8 0.9991
540 4.17 x 1073 2.1 x 107* —4.983 —9.003 113.8 0.9987
560 427 x 1073 2.5 x 107* —9.017 —8.911 116.6 0.9992

CO, Flow of 170 mL/min
460 8.5x107™* 9.0 x 107> —2.443 —5.696 108.2 0.9999
480 138 x 1073 1.0x 107 —2.673 —7.090 109.8 0.9996
500 3.05x 1077 1.6 x 107* —4.072 —8.090 112.0 0.9996
520 3.96x 107 1.8 x 10™* —3.664 —8.130 112.0 0.9989
540 625 x 107 22 x107* —5.848 —9.398 114.5 0.9991
560 4.67 x 107 2.6 x 107* —6.917 —8295 114.3 0.9989

CO, Flow of 200 mL/min
460 74 x 107 1.0x 107™% —3.512 —4.826 108.4 0.9999
480 1.83x 107% 12x10™% —1.862 —5.124 107.1 0.9998
500 297 x 1073 1.6 x 107* —2.205 —4.881 107.0 0.9996
520 211 x 1073 1.7 x107* —2.672 —8.547 111.5 0.9995
540 338 x 107 2.1 x 107* —2.537 —5.698 108.4 0.9988
560 239 x 107 2.1 x 107* —4.603 —9.232 114.2 0.9990

“Values varied from 100 as a consequence of the initial dead
times and variation of mass (dehydration) presented in each
isothermal experiment. ® The isothermal experiment performed at
560 °C, with this CO, flow, was not fitted to the double exponential
model as it was presented for the CO, desorption.

process began at 435 °C. It means that the CO, chemisorption
initial temperature was shifted 10 °C to higher temperatures, in
comparison to the original sample. A similar effect was observed
on the maxima CO, chemisorption temperature, which in this
case was shifted from 556.8 °C up to 608.2 °C. All these
changes on the thermal behavior should be attributed to a higher
surface area, which promotes a higher CO, chemisorption. This
assumption was confirmed qualitatively by the total weight
gained in this dynamic process, which increased from 4.5 to
6.6 wt %, for the original and the pulverized samples,
respectively.

Isothermal curves of the pulverized sample presented a similar
behavior to that observed for the original one, using a CO, flow
of 60 mL/min. At 460 °C, the isothermal showed an exponential
behavior, trapping 5.7 wt % of CO, after 3 h. Then, samples
treated between 480 and 540 °C presented the same exponential
behavior, increasing their weights from 7.6 to 12.5 wt %. In
this case, this sample always captured more CO, than the
original sample, again due to the surface area. Additionally,
sample treated at 560 °C did not present the atypical behavior
observed on the original sample, as the maxima CO, chemi-
sorption temperature was shifted to higher temperatures.

Again, these isotherms were fitted to a double exponential
model, and then the k values were fitted to the Eyring’s model.
The kinetic parameters obtained in this case are presented in
the Table 2. If these values are compared with the corresponding
data of the sample before being pulverized (Table 1), it can be
seen that none of the constant values (k; or k») varied
significantly. In fact, only the parameter A showed a significant
difference, being in this case larger. This result indicates that
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Figure 5. Eyring’s plots of the two different CO, chemisorption
processes: (A) direct chemisorption and (B) chemisorption kinetically
controlled by lithium diffusion, using different CO, flows.

CO, direct chemisorption (k;) occurs in a larger interval of time
than, which is in total agreement with a larger surface area.
Moreover, Figure 7 compares the In(k;/T) vs 1/T plots of the
CO, direct chemisorption process of both Li,SiO, samples, with
different surface areas, as well as a different sample reported
previously.!” As it can be seen, Li;SiO, pulverized sample did
described a linear trend in the whole temperature range, in
comparison to the initial sample, which only described this trend
at low temperatures. It seems that if the surface area is increased,
the CO, does not saturate the LisSiO, particle surface, and thus
the reaction is controlled by the gas-film system in the whole
range of temperatures. AH* value, for the CO, direct chemi-
sorption process, was equal to 83.4 kJ/mol, which is close to
the 94.4 kJ/mol value obtained initially. These energy values
are, in fact, very similar to the previously reported AH* value
of 88.9 kJ/mol, which corresponds to a Li,SiO, sample with a
larger surface area, 3 m*g." Finally, AH* of the CO, chemi-
sorption kinetically controlled by lithium diffusion was deter-
mined for the LisSiO, pulverized, and it was equal to 32 kJ/
mol. This result is in good agreement with the previous values
obtained initially, 37.2 4+ 10 kJ/mol on average.

Conclusions

Once Li,Si0, was synthesized by solid-state reaction (surface
area 0.4 m?/g), it was tested as CO, captor, using different CO,
flows (30—200 mL/min). The initial dynamic results suggested
that CO, chemisorption on Li,SiO; depends not only on
temperature, but also on the CO, flow. On the basis of the
dynamic results, a kinetic analysis was performed as well, which
confirmed the CO, capture dependency on the CO, flow. In fact,
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Figure 6. Dynamic (A) and isothermal (B) thermogravimetric curves
for the LisSiO4 pulverized. In the dynamic graph (A) the initial
thermogram is presented again for comparison reasons. All these
experiments were performed using a CO, flow of 60 mL/min.

TABLE 2: Kinetic Parameters Obtained for the Li,SiO4
Sample with a Surface Area Equal to 1.5 m%g, Using a CO,
Flow of 60 mL/min

T(C) ki (sec™") Ky (sec™) A B ce R?

460 58 x 107* 1.2 x 107 —0.349 —7.363 107.803 0.9999
480  75x107* 1.9 x 107 —2.051 —6.274 108.472 0.9998
500 1.04 x 1073 1.1 x 107* —4.693 —6.191 110.899 0.9999
520 1.9 x 1073 1.4 x 107* —4.647 —7.409 111.882 0.9998
540 25x107° 1.6 x 107% —4.632 —8.517 113.175 0.9996
560 294 x 1073 1.7 x107% —4.976 —8.788 113.853 0.9996

“Values varied from 100 as a consequence of the initial dead
times and variation of mass (dehydration) presented in each
isothermal experiment.

results showed that CO, flows modify the kinetic regime from
which CO, capture is controlled, as follows: In the first
moments, at low CO, flows (<150 mL/min), the process is
controlled by a gas-film system. On the contrary, at high CO,
flows (=150 mL/min) the CO, chemisorption is controlled by
the CO, chemisorption reaction rate, as the solid—gas interface
must be totally saturated of CO,. Later, once the
Li,CO5—Li,SiO5 external shell is formed, the whole process
depends on the bulk lithium diffusion process, independently
of the CO, flow.

Kinetic constants showed that lithium diffusion is the limiting
process on the whole CO, capture process, independently of
the CO, flow. Additionally, fitting these data to the Eyring’s
model showed that the average activation enthalpy (AH¥) for
the CO, chemisorption controlled by the lithium diffusion

Rodriguez-Mosqueda and Pfeiffer
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Figure 7. Eyring’s plots of the CO, direct chemisorption process on
Li,Si0, for different samples, using the similar CO, flows.

process was equal to 37.2 + 10 kJ/mol, independently of the
CO; flow. On the contrary, CO, direct chemisorption (sample
with 0.4 m*/g of surface area) plots only describe partial linear
trends at low temperatures. The AH* values increased as a
function of the CO, flow from 94.4 to 157.8 kJ/mol, varying
CO; flows from 60 to 200 mL/min, respectively. It seems that
CO, direct chemisorption reaction is more dependent on
temperature than the CO, chemisorption kinetically controlled
by the lithium diffusion process and higher CO, flows implies
a higher dependence of the CO, direct chemisorption process
as well. The partial linear fit of these data was interpreted in
terms a CO, surface saturation, due to an increment of CO,
diffusion through the gas-film interface. To corroborate this
hypothesis, a LiySiO, sample was pulverized (new surface area
1.5 m%*/g). Results showed that if the surface area is increased,
there is no surface particle saturation at the corresponding flows
and, at the first moments, CO, chemisorption is controlled by
the gas-film system in the whole temperature range. On the
Li,SiO, sample, with a larger surface area (1.5 m%g), AH* value
for the direct CO, chemisorption was 83.4 kJ/mol and for the
CO,; chemisorption kinetically controlled by lithium diffusion
was 32 kJ/mol. These values are very similar to those obtained
for the same sample with a smaller surface area.
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