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Kinetic and Reaction Mechanism of CQ Sorption on Li4sSiO4: Study of the
Particle Size Effect

Miriam J. Venegas, Esteban Fregoso-Israel, Raul Escamilla, and Heriberto Pfeiffer*

Instituto de Inestigaciones en Materiales, Umrsidad Nacional Autaoma de Mgico, Circuito exterior s/n
CU, Del. Coyoata, CP 04510, Meico DF, Mexico

Lithium orthosilicate (LiSiO;) was synthesized by three different techniques: the solid-state reaction,
precipitation, and setgel (using a microwave oven) methods. The better results were obtained by the two
first methods. In the third case, pure,&iO, could not be obtained, because the microwaves produced the
lithium sublimation. The samples were characterized by X-ray diffraction, scanning electron microsgopy, N
adsorption, and thermogravimetric analysis under a flux of.@ifferent particles sizes were obtained as a
function of the method of synthesis, and the £Orption analyses gave different results. The particle size
modified the stability of the LiSiO, during the CQ sorption/desorption cycles, due to lithium sublimation,

as LpO. Conversely, the isothermal study allowed measuring the kinetic parameters for the chemisorption
and diffusion processes, as a function of the particle size. As could be expected, the activation energies
obtained, for the small particles, were smaller than those obtained for the large particles. These results were
explained in terms of reactivity, for the chemisorption process, and in terms of geometry, for the diffusion
process.

Introduction There is only one published paper which has shown that the
. ) . CO;, sorption capacities of kZrOs increased when the particle
Growing concerns about the impact of pollution gases have gjze decreaselt. Then, the aim of this work is to study the

led to a number of proposed works around the wért. g nthesis and Coabsorption capacities of 4$i0, with different
Specifically, about carbon dioxide (GDemissions, energy particle sizes.

efficiency improvements, the use of renewable resources, and
its capture and storage have been also recognized as necessitie
In this way, different kinds of materials have been proposed as
CO, captors, for example polymeric membranes, zeolites, | jthium orthosilicate was prepared by using solid-state
hydrotalcitelike materials, and different oxide$.Nevertheless, reaction of a mechanical mixture of silica gel (Sj@nalytical
all of these materials present one or more disadvantages. Hencegrade, Aldrich) and lithium carbonate g0z, 99+%, Aldrich);
new materials for C@ capture must possess the following py precipitation using tetraethyl orthosilicate (TEOS, Si-
properties: high selectivity and sorption capacity for C (OGHs)s, 98%, Aldrich) and lithium acetate (LiKZ,Hs,
elevated temperatures, adequate absorption/desorption kinetic§9 999, Aldrich); and by seigel synthesis using TEOS and
for CO,, good cyclability for the absorption/desorption process, |ithium nitrate (LiNOs;, 99.99%, Aldrich). The setgel samples
and good hydrothermal and mechanical propeffies. were calcined using a novel approach with a microwave
In the last nine years, several papers have reported the usdurnace?s All the reactions were performed with a Li:Si molar
of new materials for C@sorption. Specifically, lithium and  ratio of 4.1:1. A lithium excess of 0.1 was added in all the
sodium ceramics seem to present adequate conditions as COpreparations to prevent the sublimation of lithium produced at
captorst?~18 Among all these ceramics, lithium orthosilicate high temperatureX26-29
(LisSiOs) seems to have encouraging properties foroCO  |n the synthesis by solid-state reaction, the powders of SiO
sorption!?~23 For example, LiSiO, can absorb four or more  and L,CO; were mixed mechanically and they were calcined
times more C@ than other lithium ceramics such as lithium  at 800°C for 4 h. For precipitation synthesis, lithium acetate

E'Xperimental Section

metazirconate (lZrOs), during the first minute&? Additionally, was dissolved in water as a first step. TEOS was then slowly
experimental results show thauBiO, has excellent cyclability  added, drop by drop, to the solution. The final solution was
properties for C@ sorption/desorptiof? stirred and heated at 7€ until it dried, and the powders were

Li4SiO4, and in general all these ceramics, present a double calcined at 800C for 4 h. A second sample was prepared using
sorption mechanism. First, there is a chemical sorption of CO the same method, with only one variation. In this case, all the
over the surface of the ceramics, breeding the particles with anprocesses (lithium dissolution, TEOS addition, stirring, and
external shield of alkaline carbonate. Later, once the external drying) were performed in an ultrasonic bath at°T@ using a
layer is completely formed, the alkaline element has to diffuse frequency equal to 25 kHz.
throughout the external layer, in order to reach the surface and [ j,SiO, sol-gel samples were synthesized by dissolving in
continue reacting with the CO31823 Therefore, one of the  isopropyl or ethylic alcohol the required amounts of LijNO
limiting steps is the diffusion process, which may be avoided |atter, TEOS was added to the solution, drop by drop (taking
or at least reduced by the synthesis of small particles, wheres s between drops). The alcohol:alkoxide molar ratio was 20,
most of the alkaline element is over the surface of the particles. and the mixture was stirred under continuous agitation. The
metallic complex solution was hydrolyzed by the slow addition

* To whom correspondence should be addressed. Ph¢5€: (55) of a commercial nitric acid solution (HN$70%, Aldrich). The
56224627. Faxt-52 (55) 5616 1371. E-mail address: pfeiffer@iim.unam.mx.  stirring was continued until gelation was completed. The
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Figure 1. XRD patterns of the LiSiOs prepared by solid-state reaction ’ ) ’ ) ’ ’ ) ’ i g
(A), precipitation (B), and precipitation with an ultrasonic treatment (C). 400 500 600 700 800 900 1000
Temperature (°C)

obtained gel was dried at 7€ in air. The powders were then  Figure 2. Percentage of LiNg Li»SiOs, Li»SizOs, LisSiOs, and SiQ, as
calcined in a microwave furnace (Model CEM Technology a function of the temperature. The samples were prepared by thgelol
MAS-700) with a microwave frequency of 2450 MHz. Samples Method, using a microwave oven.

were heat-treated using different times (5, 10, and 15 min) and S . . .
temperatures (400, 600, 700, 800, 900, and 18T precipitation (with or without ultrasonic effect) had smaller
' ' ' ' ’ crystals, around 300 A.

The samples were characterized py different techniques such On the contrary, the selgel synthesis was not as successful
as X-ray diffraction (XRD), scanning electron microscopy g the two previous methods. Figure 2 summarizes the different
(SEM), thermogravimetric analysis (TGA), and nitrogen adsorp- .,mnqsitions obtained when the samples were calcined at
tion (BET). The XRD patterns were obtained with a BRUKER  itterent temperatures for 5 min in the microwave furnace, using
axs Advance D8 diffractometer coupled to a Cu anode X-ray gihano| as solvent (samples heat-treated for longer times or using
tube. The K1 wavelength was selected_wnh a diffracted l_)eam isopropy! alcohol presented similar results). At 40D, only
mqnochromator, and compounds were identified conventlpnally LINO3 was found. This clearly means that the reaction was not
using the JCPDS database. The percentages of the different,ieq out under these conditions. Silicon was not quantified
compounds were estimated from the total area under the mosi,eq456 only the crystalline compounds were identified. In the
intense peak for each phase, with an exp(_erlmental error eq”alsample heat-treated at 600, LINO; was the main phase again
to 13%. SEM (Stgreospan 440, Cambridge) was used. to (74%), but a second phase was presentedSiOs (26%).
determine the particle size and morphology of the materials ayhough the formation of this lithium silicate indicates that
prepared by the different methods. Ag&iO, is nota conductor g5 e reactions are taking place, these conditions were not
matenal,_ the sample_s_were covered with gold to avoid a lack adequate to produceSiO,. Afterward, the composition of the
of electrical conductivity. ~ sample changed significantly at 70C. In this case, LIN@

Two different kinds of thermal analyses were performed N was not present any more and the Samp|e was Composed by
Hi-Res TGA 2950 thermogravimetric analizer equipment from three different lithium silicates: B8O (20%), LbSixOs (14%),

TA Instruments. First, a set of samples was heat-treated from gn( Li,SiO, (66%). Similar results were obtained when the
room temperature to 100, with a heating rate of 5C/min, sample was heat-treated at 750 and 800getting the highest
using a 100% Coflux. These analyses were carried out to percentage of LBiO; at 800°C, 70%. Nevertheless, at 850
identify if there were differences on the @®orption due to  °C, the Li;SiOs composition decreased significantly from 70%
the size of the particles. Later, another set of samples wastg 50%. Furthermore, this decrement was combined with the
analyzed isothermically under an atmosphere of 100%,@0  increment of LiSiOs, which increased its composition from 17%
500, 550, 575, and 60T for 5 h. The sorption analyses were o 31%. Finally, LbSiOs remained without any significant
double checked in most of the cases, in order to be certain about:hange_ This result strongly suggests thaSi®,; decomposes
the experimental data. Finally, surface area analyses weregn Lj,Si0; through the lithium sublimation as 4@, according
performed on Micromeritics Gemini 2360 equipment. Before to the following reaction (1):

the N\, adsorption process, all the samples were out gassed in a

vacuum at 400C for 12 h. Surface areas were calculated with Li,SiO, — Li,SiO; + Li,O Q)
the BET equation.

Lithium sublimation has been observed on several lithium
Results and Discussion ceramics at high temperatures, when the ceramics are heated
for a few hoursi#26-29 However, in this case, sublimation
Synthesis and CharacterizationFigure 1 shows the X-ray  occurred in just 5 min. Then, it should be associated to the
diffraction patterns for the synthesized samples aSI®, by microwaves, which must accelerate the lithium sublimation.
solid-state reaction and precipitation (with and without ultrasonic Actually, this effect was corroborated with the samples heat-
treatment). In the three cases, the XRD patterns clearly showtreated at 900 and 100%C. In these cases, higher lithium
that LisSiO4 was obtained pure, as it may be expected. However, sublimations were observed through the disappearance of the
the crystallinity of the samples seems to be significantly different lithium silicates and the appearance of silicon oxide at 1000
among them, according to the intensities obtained in each case’C.
Moreover, the crystal size varied as well. While the solid-state ~ As a summary, L4SiO, could not be obtained in pure form
sample presented crystals®#00 A, the samples prepared by by the sot-gel route. This result is in agreement with previous
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Figure 4. Thermogravimetric analyses of 49i0,, with different particle
sizes, into a flux of C@

because it sublimes very quickly (see the XRD results). Perhaps,
this high reactivity induces some kind of sintering or other
process, which inhibits the formation of nanoparticles. This
result is in agreement with the results obtained by XRD.

CO, Sorption Process As the two LiSiO, samples in pure
form presented a considerable difference in their particle sizes,
of 1 order of magnitude (36 and @&m), CG, absorption was

J analyzed on these samples. Figure 4 shows the thermograms
Figure 3. SEM images of LiSiO, samples prepared by solid-state reaction of both samples, under a flux of 100% g@vhich only gives
(A), by precipitation (B), and by selgel with microwaves (C). a qualitative scheme of the G@bsorption behavior. First, the

thermogram of the large particles presented a small loss of

papers where LBiO; synthesis by setgel was not possible  weight (=2 wt %), between 80 and 20€. It was attributed to
either3® Apparently, TEOS may be polymerizing by itself, and a dehydration process. In this case, water might be adsorbed
this reaction does not allow a complete saturation of B8O by the Li4SiO4 during the air cooling of the powders. Then, the
with lithium to produce LiSiO,. Instead, some molecules of sample began to absorb €@t around 450°C, finishing this
(SiOg)*~ polymerize producing different chains such as O process at 686C. In this case, the maximum absorption was
or (SkOs)*". Conversely, Yang and co-workers produced equal to 21 wt %. This value corresponds to 57.22% efficiency,
magnesium silicate in pure form (M8iOs),?° using similar in comparison with the maximum theoretical capacity of 36.7
conditions. The unique difference was the use of lithium instead wt %, assuming the following reaction:
of magnesium. Both elements are highly reactive, and their
atomic radii are very similar. Therefore, the unique difference Li,SiO, + CO,— Li,SiO; + Li,CO; 2
is that magnesium is almost 4 times heavier than lithium. Hence,
microwaves must provide lots of energy to the lithium atoms, Later, at temperatures higher than 68Q, the sample
which, due to their weight, react either to produce lithium presented a desorption process. These results are in good
silicates or sublime as 0. agreement with previous reports for this matet?® On the

Li4SiO, samples synthesized by solid-state, precipitation, and other hand, the thermogram of the small particles presented two
sol—gel were studied by SEM. Micrographs of the lithium important differences. First, the G@bsorption process began
orthosilicate, obtained by the three methods, showed morpho-at 350°C. This is 100°C lower than in the case of ,$iO,
logical differences among the preparation methods. The samplelarge particles. The only explanation of this effect would be
obtained by solid-state reaction showed homogeneous polygonakssociated with a higher reactivity due to the formation of small
particles (Figure 3A). These particles were very dense and particles, which is associated with the presence of more lithium
presented an average particle size equal teu36 However, atoms over the surface of the particles, and consequently the
Li4SiO, prepared by the precipitation method presented a totally generation of higher steam pressures on the grain boundaries
different morphology. The particles were spherical, and they and triple points produced among the$iO, particles.
seemed to be corrugated. Furthermore, the particle size de- The second difference takes place during the desorption
creased down to am (Figure 3B). This is 10 times less than process. In this case, desorption occurs through two steps.
the particle size obtained by the solid-state method. Finally, Initially, desorption proceeds in a straightforward manner, but
although the soetgel sample was not pure, it was analysed by it suddenly stops. Then, the sample presented a second small
SEM. The morphology of this sample (calcined at 8@for weight increase between 720 and 880 This effect has been
5 min) was approximately polygonal particles that seemed to already reported for other lithium ceramitsand it has been
be dense. Additionally, the size of the particles varied between associated with a second absorption of CBpparently, the
3 and 0.5um (Figure 3C). The microwaves were supposed to lithium ceramic decomposes and producegOLilf LiO is
generate a nanoparticle size. Nevertheless, it was not obtainedproduced, it reacts with C{producing LyCO; that disappears
Lithium seems to be very reactive under these conditions, later by thermal decomposition. This decomposition effect was
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Table 1. Kinetic Parameters Obtained from the Isotherms of -1.0 4
Li 4SiO4 with Large Particles Fitted to a Double Exponential Model
temperature°C) ke (L/s) ke (L/S) R 117 y = -4386.819x + 3.986
500 2.0622 0.1884 0.99977 -1.27 R=-0.9917
550 3.5568 0.2532 0.99968
575 4.8030 0.2946 0.99939 w13
600 6.1698 0.3690 0.99988 =
= 1.4+
not observed on the previous sample. Actually, it has been 154
reported that LiSiO, can be recycled several times without any
kind of degradatio”? Therefore, the small particle size may -1.6
be producing a faster decomposition, as most of the lithium is 171 _ )
available to react or sublime over the surface of the particles. o Diffusion
In fact, the final composition of this sample, determined by - S
XRD, showed the presence of small quantities @8i®s, which 114 1.16 1.18 1.20 1.22 1.24 1.26 1.28 1.30
confirmed the loss of lithium. This result is in agreement with 1/T X103
the high reactivity of lithium to capture GQat lower temper- Figure 6. Plots of Ink versus 1T, for the two different processes,

atures, observed on the same sample. Finally, this samplechemisorptionky) and diffusion k), observed on the sample ofs8iO,
absorbed 23 wt %, which corresponds to 62.67 wt % of the With large particles.
theoretical capacity.

Figure 5 shows the isothermal graphs ofSiDs (large fit lines usually follow an Arrhenius-type behavior, so that
particles) at different temperatures. As it was expected, the _E/RT
sorption capacity increased as a function of the temperature. D =Dyexp 4)

While at 500°C the ceramic only absorbed 5 wt %, at 60D
the absorption was equal to 30 wt %, after 5 h. Moreover, the where Dy is the reaction rate constaf, is the activation energy

four isotherms fitted to a double exponential model: of the surface reaction or the diffusion proceRsis the gas
constant, and is absolute temperature. Figure 6 shows the plots
y=A exp‘klx +B exp‘kzx +C 3) of In D versus 1T. The curves clearly show a linear trend for

both processes. Hence, the activation energies for the CO

wherey represents the weight percentage of;@Dsorbedx is absorption on LiSiO, and lithium diffusion throughout LCO;
the time,k; andk; are the exponential constants, ahd, and were estimated to be 61 444 1060 and 36 472 740 J/mol,
C are the pre-exponential factors. The exponential constantrespectively. As can be seen, the activation energy of the
values obtained at each temperature are presented in Table Ichemisorption process is more dependent on the temperature,
As can be seerk; (chemisorption) values are 10 times higher in comparison with the energy required for the lithium diffusion,
than those ok,, which means that the limiting step of the total in this range of temperatures.
process is the lithium diffusion. In order to analyze the effect of the particle size on the kinetic

Furthermore, as the data adjusted to a double exponential,reaction, the LiSiO, with small particle size (&m) was studied
this means that there are two different processes taking place.under the same conditions. Figure 7 shows the isothermal graphs
Actually, it is already known that LEIO, has the following of this sample at different temperatures. The behavior was
CO, sorption mechanism. First, GOeacts with the lithium similar to the results obtained in the previous sample. The only
present on the surface of the,8iO, particles producing a ki significant difference observed on the isotherms is the maximum
CG; external shield. Later, once the external layer of lithium absorption of C@at 600°C, which in this case was equal to
carbonate is totally produced, a diffusion process begins, where37.4 wt %, after 5 h. The efficiency exceeds, in this case, by
lithium has to diffuse throughout the carbonate layer in order almost 1 wt % the maximum theoretical capacity of £O
to reach the surface and react with the COAdditionally, sorption on LiSiO, (36.7 wt %). Actually, the experimental
similar results have been obtained for other lithium cerafi¢s. data, of both samples heat-treated isothermically at60@vere
For a model of these characteristics, the gradients of these bestfitted to the double exponential model, and then, simulated
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with small particles.
Table 2. Kinetic Parameters Obtained from the Isotherms of

Li 4SiO4 with Small Particles Fitted to a Double Exponential Model sorption is faster than lithium diffusion. Following the same
temperature’C) ke (15) ke (1s) R procedure, these data were fitted to the Arrhenius theory (Figure
9), but the results were not as good as those of the first data, as
ggg g:iggg 8:5232 gjggg% could be expected. This can be explained by the oversorption
575 4.5744 0.3582 0.99950 present in the samples, which implies some kind of interference
600 4.8126 0.3084 0.99986 on the data. Anyway, supposing that these results present linear

trends, the activation energies for the £é&bsorption on the
graphs were extrapolated for longer times (Figure 8). In the large small Li,SiO, particles and its respective lithium diffusion
particles, according to the simulated graph3i0O, can absorb throughout LCO; were estimated to be 20 928 1663 and
33.7 wt %, which is very close the maximum theoretical 12 2084 1741 J/mol, respectively. Once more, temperature
capacity. On the contrary, the small particles can absorb up tomodifies chemisorption more evidently than lithium diffusion.
44.94 wt %, which is 8.24 wt % more than the increase of  When the activation energies of both materials are compared,
weight expected. Therefore, some £ been trapped by a  some interesting results come out. The lithium diffusion
different mechanism. Perhaps;8i0; is reacting with CQ activation energy, which is less dependent on temperature,
according to the following reaction: diminishes when the particle size decreases as well, from 36 472
+ 740 to 12 208+ 1741 J/mol. Actually, the value decreases
three times. This effect can be simply explained by the
differences between the diameters of the particles, which imply
This result was confirmed by XRD, where some Silas that lithium, on the small particles, does not have to diffuse at
detected, as quartz and an amorphous phase. such long distances as on the large particles.

This sample seems to have a more complex sorption On the other hand, the activation energy of the chemisorption
mechanism, involving three different processes at least. For thatprocess decreases, as well, as a function of the particle size. In
reason, the experimental data was fitted to double and triple these cases, the energies varied from 61 #4/60 to 20 923
exponential models. The results clearly indicate that the double+ 1663 J/mol. As it was already suggested for the thermo-
exponential model is the best one, because when the triplegravimetric analysis, this sample may have a higher reactivity
exponential model was analyzed, the results converged to adue to the formation of small particles, which is associated with
double exponential system. Therefore, assuming a doublethe presence of more lithium atoms over the surface of the
exponential model, the results are shown on Table 2. Again, particles and the generation of different steam pressures on the
the k; values are higher thaky values, indicating that chemi-  grain boundaries and triple points.

Li,Si0, + CO,— Li,CO, + SiO, (5)



2412 Ind. Eng. Chem. Res., Vol. 46, No. 8, 2007

Finally, in order to support these results, surface area analyses (5) Wirawan, S. K.; Creaser, D. GQAdsorption on Silicalite-1 and
were performed on the samples. The results confirmed the Cation Exchanged ZSW-5 ﬁ"t"tggo%sg‘f a Step Change Response Method.
differences between the samples. While the large particles had'" coPCrous Mesoporous Vates - 196, _

" lto 0.342%anth . fth I (6) Ocho-Ferhadez, E.; Rgnning, M.; Grande, T.; Chen, D. Nanocrys-
a Su_r ace area equal to 0. gnthe surface area of the sma talline Lithium Zirconate with Improved Kinetics for high-temeperature,CO
particles was 1.6683#y. Although none of the samples present Capture.Chem. Mater2006 18, 1383.
significant surface areas, the small particles have almost 5 times (7) Macario, A.; Katovic, A.; Giordano, G.; lucolano, F.; Caputo, D.
more area. This result and the observation of tiny particles by Synthesis of Mesoporous Materials for Carbon Dioxide Sequestration.

SEM confirm the theory of the greater reactivity of the small  Microporous Mesoporous Mate2005 81, 139.
Li 4SiOy particles. (8) Nomura, K.; Tokumistu, K.; Hayakawa, T.; Homonnay, Z. The

Influence of Mechanical Treatment on the Absorption of,®@ Perovskite

Oxides.J. Radioanal. Nucl. Chen200Q 246, 69.

Conclusions (9) Yong, Z.; Rodrigues, A. E. Hydrotalcite-Like Compounds as

L . . . Adsorbents for Carbon Dioxid&nergy Comers. Manage2002 43, 1865.

LisSiO4 was prepared by different techniques, and it was  (10) Hutson, N. D.; Speakman, S. A.; Payzant, E. A. Structural Effects

obtained in pure form when the samples were prepared by theon the High Temperature Adsorption of €6n a Synthetic Hydrotalcite.

solid-state and precipitation methods. However, all the samplesChem. Mater2004 16, 4135.

prepared by setgel, using a microwave oven, provided a (1) Yong, Z.; Mata, V.; Rodriguez, A. E. Adsorption of Carbon Dioxide

mixture of lithium silicates and quartz. According to the results, 2t High Temperata - A Review.Sep. Purif. Techno2002 26, 195.

. A . - (12) Nakagawa, K.; Ohashi, T. A Novel Method of €Oapture from
there are two different factors that inhibit the production of Li ;01 remberature Gases. Electrochem. Sod998 145 1344.

SiO, under these conditions. (1) TEOS polymerizes partially  (13) mosqueda, H. A.; Vazquez, C.; Bosch, P.; Pfeiffer, H. Chemical

reducing its capability to react with the lithium present in the Sorption of Carbon Dioxide (Cgon Lithium Oxide (L,O) Chem. Mater

solution. (2) The use of microwaves seems to induce an earlier2006 18, 2307.

sublimation of lithium as LiO. (14) Pfeiffer, H.; Bosch, P. Thermal Stability and High-Temperature
The particle size effect on the GQorption process was Carbon Dioxide Sorption on Hexa-Lithium Zirconate ¢Zi,07). Chem.

s . X k . Mater. 2005 17, 1704.
analyzed. LiSiO, synthesized with two different sizes (3 and (15) Pfeiffer, H.; Lima, E.; Bosch, P. Lithium-Sodium Metazirconate

36 um) was analyzed isothermically under a flux of £@he Solid Solutions, Li—xNaZrOs (0 < x < 2), a Hierarchical Architecture.
results showed that the particle size may have modified the Chem. Mater2006 18, 2642.

stability of the LiSiO4 particles during the C@ sorption/ (16) Xiong, R.; Ida, J.; Lin, Y. S. Kinetics of Carbon Dioxide Sorption
desorption cycles. It seems that lithium sublimation, g®Li on Potassium-Doped Lithium Zirconatehem. Eng. Sci2003 58, 4377.

is induced on the small particles. (17) Lopez-Ortiz, A.; Perez-Rivera, N. G.; Reyes-Rojas, A.; Lardizabal-

. . . Gutierrez, D. Novel Carbon Dioxide Solid Acceptors Using Sodium
Finally, both materials seem to adjust to the same; CO  cqpaining OxidesSep. Sci. Techno2004 39, 35509.

sorption mechanism: a chemical sorption process followed by (1g) ida, J. I.; Xiong, R.; Lin, Y. S. Synthesis and €Sorption
a lithium diffusion process. However, the energies obtained in Properties of Pure and Modified Lithium Zircoan®ep. Purif. Technol
each material varied significantly. While the activation energies 2004 36, 41.
calculated for the large particles were 61 4441060 (chemi- (19) Gauer, C.; Heschel, W. Doped Lithium Orthosilicate for Absorption
sorption) and 36 472 740 J/mol (diffusion), the same energies  ©f é%;b%nsglfixlie-w?e& 'SLCJIleg(c))tGoLla zligﬁénce of Temperature and
for the Small particles were 20 928 1663 and_ 12 208_: 1741 CO; Concentrétioﬁ on tHe Cb&bsorptiyon Properties of Lithium Silicate
J/mol. This means that the activation energies obtained for the pejlets.J. Mater. Sci 2005 40, 5017.
large particles are roughly twice the values obtained for the small  (21) Escobedo-Bretado, M.; Guzm¥elderrain, V.; Lardizhal-Guti-
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