
This is an Accepted Manuscript, which has been through the 

Royal Society of Chemistry peer review process and has been 

accepted for publication.

Accepted Manuscripts are published online shortly after 

acceptance, before technical editing, formatting and proof reading. 

Using this free service, authors can make their results available 

to the community, in citable form, before we publish the edited 

article. We will replace this Accepted Manuscript with the edited 

and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 

Information for Authors.

Please note that technical editing may introduce minor changes 

to the text and/or graphics, which may alter content. The journal’s 

standard Terms & Conditions and the Ethical guidelines still 

apply. In no event shall the Royal Society of Chemistry be held 

responsible for any errors or omissions in this Accepted Manuscript 

or any consequences arising from the use of any information it 

contains. 

Accepted Manuscript

Journal of

 Materials Chemistry A

www.rsc.org/materialsA

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  S. P V, B. N. Nair,

H. Padinhattayil, P. M. A, T. Yamaguchi, K. G. K. Warrier and H. U. N. Saraswathy, J. Mater. Chem. A, 2014,

DOI: 10.1039/C4TA01976H.

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/C4TA01976H
http://pubs.rsc.org/en/journals/journal/TA


Journal Name RSCPublishing 

ARTICLE 

This journal is © The Royal Society of Chemistry 2014 J. Name., 2014, 00, 1-3 | 1  

Cite this: DOI: 10.1039/x0xx00000x 

Received  

Accepted  

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

Enhanced CO2 absorption kinetics in lithium 
silicate platelets synthesized by a sol-gel 
approach 
 
P. V. Subhaa, Balagopal N. Nairb,c*, P. Hareesha, A. Peer Mohameda,  

T. Yamaguchid, K. G. K. Warriera, U. S. Hareesha* 

aMaterials Science and Technology Division (MSTD), National Institute for Interdisciplinary Science and 
Technology, Council of Scientific and Industrial Research (CSIR-NIIST),Thiruvananthapuram-695019, India. 
E-mail: hareesh@niist.res.in 
bR&D Center, Noritake Company LTD, Miyoshi Higashiyama 300, Miyoshi, Aichi 470- 0293, Japan. E-mail: 
bnair@n.noritake.co.jp 
cNanochemistry Research Institute, Department of Chemistry, Curtin University, GPO Box U1987, Perth, WA 
6845, Australia  
dChemical Resources Laboratory, Tokyo Institute of Technology, Nagatsuta 4259, Midori-ku, Yokohama 226-
8503, Japan 

Platelet shaped lithium orthosilicate particles synthesized by a sol gel approach employing the 

precursors lithium nitrate and colloidal silica displayed enhanced absorption kinetics for CO2 compared 

to the powders prepared by a solid-state reaction process involving Li2CO3 and silica. The sol-gel 

samples showed CO2 absorption capacity of 350 mg/g at an absorption rate of 22.5 mg/g/min; a value 

70% higher than the rate of 13.2 mg/g/min measured with the solid state samples under similar 

conditions. The higher sorption kinetics of CO2 by the sol-gel derived lithium orthosilicate could be 

attributed to the unique platelet morphology of the particles with a very small thickness. A porous 

carbon mesh coated with the sol-gel based particles exhibited CO2 absorption capacity of 150 mg/g at 

an absorption rate of 37.5 mg/g/min. This supported absorbent also showed stable absorption and 

desorption performance for the 8 cycles examined in this study. The excellent absorption characteristics 

of the sol-gel prepared powders, more specifically the coated strips provide a successful pathway for the 

commercialisation of these materials. 

Keywords: lithium silicate; CO2 absorption, sol gel synthesis, supported absorbents, cyclic stability 

1. Introduction 

Carbon dioxide emission to the atmosphere is an increasingly 
important concern owing to its perceived influence over the 
elevation in atmospheric temperature. Of the various 
approaches discussed to limit this threat, selective carbon 
dioxide capture by absorption followed by its sequestration is 
one of the most scrutinized strategies. Several research efforts 
are ongoing to design and develop new sorbents for selective 
CO2 capture from power plant flue gases as well as other CO2 
discharging streams.1-10The development of advanced 
functional materials satisfying the essential requirements of 
faster sorption kinetics, higher sorption capacity, selectivity and 
durability is therefore of great significance. 

Currently, there is significant interest in the development of 
regenerable sorbent materials for CO2 absorption at high 
temperature.11-15 Among the various carbon dioxide sorbents, 
lithium based ceramic absorbents are candidate materials for 
CO2 capture at high temperatures (400-700oC).3,15-25In 
particular, lithium orthosilicate is considered to be the most 
promising material for designing efficient CO2 separation 
systems by virtue of its large absorption capacity, faster kinetics 
and reasonable material costs.11,23,26-30 Moreover lithium silicate 
shows excellent chemisorption properties wherein up to 8.3 
mmol of CO2 could be absorbed per gram of sorbent.22 It also 
exhibits better thermal cyclability over a wide range of 
temperature.31 
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A number of strategies are reported in the literature for the 
synthesis of Li4SiO4, which include solid state mixing, sol-gel 
synthesis, combustion synthesis and ball milling techniques.2,32-

38 Kato et al. (2002), the original inventors of lithium based 
CO2 absorbents, investigated CO2 absorption properties of 
Li4SiO4 and Li2ZrO3 in a wide range of temperature and 
CO2concentrations. Their results showed that under similar 
sorption conditions, the absorption capacity of Li4SiO4 is 30 
times faster than that of the Li2ZrO3.

7Lithium silicate is 
commonly synthesised by the reaction between silica and 
lithium carbonate powders, under dry or wet conditions in a 
ball mill followed by heat-treatment. Such solid state mixing 
processes are known to result in poor distribution of powder 
particles leading to inferior absorption properties. Numerous 
other issues such as contamination, volatilization as well as 
agglomeration of particles leading to inconsistency in structure 
and composition are also reported.20 Wet chemical approaches 
are known to produce materials with controlled particles sizes, 
uniform size distribution, excellent homogeneity and large 
surface area. Such desirable powder attributes, help to realize 
high sorption capacity and faster kinetics in adsorbent 
materials. Our group was one of the first to report on the sol-gel 
synthesis of lithium zirconate based absorbents for the selective 
removal of CO2.

18,28Pfeiffer et al.have compared the influence 
of processing conditions such as solid state reaction, 
precipitation and sol-gel method on the composition and 
morphology of lithium meta silicate powders meant for breeder 
material applications.39 The same authors have also reported on 
the wet chemical synthesis of lithium silicate based absorbents 
in their recent papers.30, 40 The effect of particle size of the 
precursor materials on the mixing of the precursors, is reported 
recently by Lu et al.33Peng etal. have reported the effect of 
precursor silicon source (diatomite and pure silica) on carbon 
dioxide absorption capacities of the resulting powders and 
shown that Li4SiO4based sorbents developed from diatomite 
exhibited better absorption–desorption performance and 
absorption capacity.41Results discussed in the said papers point 
to the importance of precursor chemistry, their physical 
properties, and the processing conditions on the CO2 absorption 
performance of the resulting materials. 
The present work reports on the synthesis of Li4SiO4 platelet 
shaped particles by a wet chemical synthetic procedure 
involving colloidal silica and LiNO3 solutions. The 
sorption/desorption kinetics of CO2 and the cyclic stability of 
the synthesised particles are reported. The excellent CO2 
absorption performance exhibited by supported lithium silicate 
absorbents, coated on a porous carbon strip, is also reported in 
this paper for the first time to the best of our knowledge. 

2. Experimental section 

Lithium silicate was synthesised from lithium nitrate (Alfa 
Aesar, UK), and colloidal silica (Aldrich Chemicals, USA) as 
starting precursors. Initially, 15.4g of LiNO3 was dissolved in 
225 ml of distilled water to prepare 1M aqueous lithium nitrate 
solution and was hydrolysed by the slow addition of 

ammonium hydroxide (25%, S.D. FINE-CHEM Ltd., India) 
solution under constant stirring at room temperature, till the pH 
reached 8. Colloidal silica (3.3g, Aldrich Chemicals, USA) was 
added drop wise to this reaction mixture with constant stirring 
and kept at that condition for 1 h. The gel thus formed was aged 
further for 24 h at room temperature, dried at 110 oC and then 
heat-treated at 800oC (sample code - SG-LiSiO4). Samples for 
comparison were prepared by the solid-state mixing and heat-
treatment of silica and Li2CO3 (Aldrich Chemicals, USA). Both 
the precursors were initially dried at 150 oC for 5 h and mixed 
mechanically in the molar ratio of 2.2:1. The mixture was dried 
at 100 oC/6h and calcined at 800 oC for 3 h. (sample code- SS-
LiSiO4). The crystalline phases of the powdered samples were 
analysed by X-ray diffraction (Philips X'pert Pro 
diffractometer) in the 2θ range 20–60o using Cu Kα radiation 
(λ=0.154 nm).The morphological and micro structural analysis 
of the materials was carried out using a scanning electron 
microscope (SEM) operated at 20 kV. The BET surface area 
measurements were carried out by nitrogen adsorption using a 
Micromeritics Gemini 2375 surface area analyzer after 
degassing each sample at 200 °C for 2 h. CO2 absorption 
properties were measured using a TGA apparatus (Perkin Elmer 
STA 6000, Netherlands), in the temperature range of 150-
750oC. In the set up used, actual temperatures close to sample 
were typically 5-10oC lower than the set temperatures that are 
mentioned throughout this paper. CO2/Nitrogen flow rates 
through the sample chamber were ~50 ml/min unless otherwise 
mentioned. X-ray scattering set-up (Xeuss SAXS/WAXS 
system by Xenocs, France) was used to characterize the sample 
after CO2 absorption usingCu Kα radiation (λ= 0.154 nm) 
generated at 0.60 mA and 50 kV in the 2θ range 4-36 °. 

3. Results and discussion 

The CO2 absorption mechanism of lithium orthosilicate 
involves the chemical conversion of lithium orthosilicate to 
lithium metasilicate or silica by the reaction with CO2 as in the 
following equations.30 

Li�SiO� + CO	 → Li	SiO�	 + Li	CO�					(1) 

Li	SiO�	 + 	CO	 → Li	CO� + SiO											(2) 

Based on the reaction (1) the theoretical absorption capacity of 
theLi4SiO4solid absorbent (MW=119.854) could be calculated 
as 36.7 wt% (8.3 mmol of CO2 per gram of Li4SiO4). In 
practice, 30-35 wt% of CO2 could be absorbed at the 
temperature range of 400-700 °C followed by complete 
desorption at 600-800 °C depending upon the CO2 partial 
pressure, the exact stoichiometry and second phase/impurity 
present in the absorbent material.33 Lithium rich phases like 
lithium orthosilicate and oxosilicate generally displays fast 
kinetics for CO2 absorption due to the extremely fast lithium 
ion hopping from core of the particle to the reaction interface. 
The completion of reaction forming silica as per equation (2) 
need absorption conditions favouring the take up of CO2 by the 
lithium metasilicate formed at the initial phase of the reaction 
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and is not typical of the absorption proc
literature. 
It is reported that,for the wet chemical sy
silicate, the preferred precursor is lithium 
that are yet to be fully understood.40Lithiu
when hydrolysed forms lithium hydroxide
poly condensation reactions with silica leadin
of a gel network.  
This wet chemical synthesis reaction leadin
of lithium ortho silicate should be as follows:

LiNO� � NH�OH	 → LiOH � NH

	4	LiOH � SiO	 → Li�SiO� � 2	H

The solid state reaction between lithium ca
should be as follows 

2Li�CO� �	SiO	 → Li�SiO� � 2C

Physical and structural characterisation 
absorption measurements were conducted 
samples as reported below. 

3.1. Phase characterization and morphologica

The X-ray diffraction pattern of the SG
synthesised through sol-gel route is shown
peak data confirmed the formation of Li4SiO
(JCPDS 37-1472) along with trace amount
(JCPDS 29-0828). The formation of Li2SiO
due to the reaction between SG-Li4SiO4 a
Peaks corresponding to unreacted phases o
were not observed and therefore it is safe 
chemical reaction leading to the form
orthosilicate was complete under the synthe
molar composition of Li:Si in the sample 
4.12:1 by chemical analysis. The amount 
sample is slightly higher than the stoichiome
Li4SiO4, but remains well within in the
normally observed in these ceramics where
added to usually balance any evaporation loss

            
Fig. 1 XRD patterns of Li4SiO4 synthesised by (a) Sol-gel 

reaction. (Li4SiO4,JCPDS 37-1472), (Li2SiO3* JCPDS 29-0828

014 

rocesses reported in 

 synthesis of lithium 
m nitrate for reasons 
hium nitrate solution 
ide which undergoes 
ding to the formation 

ding to the formation 
s: 

H�NO�3� 

H	O		4� 

 carbonate and silica 

CO			5� 

n as well as CO2 
d on all the powder 

ical studies of Li4SiO4 

SG-Li4SiO4 powders 
wn in Fig.1 (a). The 
iO4 crystalline phase 
nts of Li2SiO3 phase 
iO3 phase should be 
and CO2 from air.7 
of lithium or silica 

fe to assume that the 
rmation of lithium 
hesis conditions. The 
le was determined as 
nt of lithium in the 
metric value of 4:1 of 
the range of values 
ere excess lithium is 
oss during use. 

 
gel method (b) Solid-state 

828). 

XRD pattern of the SS-LiSiO4 sam
state mixing method as show
predominant peaks of lithium or
The crystallinity of the two s
differences as indicated by the 
peaks corresponding to [110] and
 
Morphological features of the po
and are shown in Fig.2. SG-LiS
morphology with length extend
width of ~ 300nm.  Powders ma
found to contain agglomerates wi
and had a non-uniform particle si

Fig. 2 SEM images of Li4SiO4 synthesised 

reaction. 

Fig. 3 TEM images of Li4SiO4 synthesised
reaction. 

The TEM pictures of the sampl
establish the identity of the con
types of powders. SS-Li4SiO4 pa
agglomerates with a size around 1
Li4SiO4 particle seems to be an 
leading to platelet morphology. 

3.2. CO2 absorption studies 

 Fig. 4 represents the dynamic 
measured at 20°C/min using 
absorption steps were noticed. T
very small up to ~500°C. The in
temperatures could be attributed
by lithium metasilicate which co
quantities as evidenced by 
orthosilicate is also known to 
temperature range.7 A sudden w
this temperature and was followe
to the end with more or less the s
It is reported that CO2 absorpt
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sample synthesized through solid 
own in Fig.1(b) also had all 
 orthosilicate (JCPDS 37-1472). 
 samples seems to have some 
he differences in heights of the 
nd [011] planes.  

 powders were observed in SEM 
iSiO4 appeared to have platelet 

nding more than a micron and 
made by solid state method were 
 with sizes larger than 10 microns 
 size distribution.  

 
sed by (a) Sol-gel method (b) Solid-state 

ed by (a) Sol-gel method (b) Solid-state 

ples as shown in Fig. 3 clearly 
onstituent structures of the two 
particles were observed as hard 
d 1 micrometer, whereas the SG-

an assembly of rod-like particles 

ic thermograms of the samples 
g 100% CO2. Three different 
. The absorption rate was found 
e increase in weight at such low 
ed to the presence of absorption 
 could be present in very small 
 the XRD results. Lithium 
to absorb CO2 slightly at this 
 weight increase occurred after 
wed by a third step extending up 
e same rate of weight increment. 

rption process is limited to the 
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surface initially and only a superficial react
to the formation of an external lithium carbo
surface of the ceramic particles at this
temperature is increased appropriately, the 
and the reaction extends to the bulk of the m
step should be due to the sudden formatio
lithium carbonate around the particles and 
step should be determined by the diffusion o
shell and Li+ through the skeleton thus extend
the bulk of the material. The second step w
the solid state sample, probably because of
area of the powder. As shown clearly in F
absorption was entirely different between th
samples had higher absorption capacity a
compared to the solid state samples. At T
becomes the stable phase due to free energy 
a sudden weight loss owing to the full relea
in both samples, as shown in Fig. 4.  

          
Fig. 4 Dynamic thermo gravimetric analysis of Li4SiO4 sa

ºC/min (100% CO2) with respect to temperature. 

 
Fig. 5 shows the XRD patterns of SG-Li4Si
and after CO2 absorption. The virgin samp
contained Li4SiO4 phase and the samples af
contained lithium metasilicate and Li2CO3 

analysis confirmed the chemical conve
orthosilicate to lithium carbonate as per equa

           
Fig .5 XRD patterns of Li4SiO4 (B) and the carbon dioxid

[(Li4SiO4 (JCPDS 37-1472), Li2SiO3 (JCPDS 29-0828), Li2CO3 

This journal is © 

action occurs leading 
rbonate shell over the 
his step. When the 
e shell gets softened 
 material. The second 
ation of the shell of 
d the third and final 
n of CO2 through the 
ending the reaction to 
 was less obvious in 

 of the lower surface 
 Fig.4,the kinetics of 
 the samples; sol-gel 
 at any given time 

t T >720°C, Li4SiO4 
gy considerations and 
lease of CO2 resulted 

 
samples measured at 20 

SiO4 samples before 
mples predominantly 
 after CO2 absorption 

3 phases. This XRD 
version of lithium 
uation (1). 

 
oxide absorbed sample (A) 

3 (JCPDS 554-13-2). 

3.3. Kinetic analysis of Li4SiO4 ab

CO2 absorption-desorption prof
from sol-gel route (SG-Li4SiO4

Li4SiO4) corresponding to differe
Figs. 6. As the dynamic absorptio
absorption rate increased signifi
studied the kinetics of CO2 abso
500oC in detail. In this study, 
absorption temperature at 10oC/
under 100% CO2 gas flow 
Desorption was carried out at 75
Sample then was cooled to 
temperature. Absorption and des
the first 10 minutes) measured 
studied are shown in Fig 7. The 
obtained at 700 °C and was foun
Li4SiO4and 13.2 mg/g/min for SS

Fig. 6 CO2 absorption kinetic analysis of 

method and Solid-state reaction. 

Fig.7 Absorption rates of Li4SiO4 at differen

from the first 10 minutes of absorption cur

 
Desorption was carried out at 750
rates measured with the sol-gel 
more or less similar; sol-gel sam

Journal Name 

 The Royal Society of Chemistry 2014 

absorbent performance 

rofile of materials synthesized 

4) and solid-state method (SS-
ferent temperatures are shown in 
ption studies have shown that the 
ificantly above 500oC, we have 
bsorption at temperatures above 
y, samples were heated to the 
C/min and held for 20 minutes 
 to collect absorption data. 

750oC under the flow of N2 gas. 
to the subsequent absorption 

desorption rates (calculated from 
ed at the different temperatures 
he maximum absorption rate was 
und to be 22.5 mg/g/min for SG-
 SS-Li4SiO4.  

 
 of lithium silicate synthesized by Sol-gel 

 
erent temperature (Rate values calculated 

 curve). 

50oC in all the cases. Desorption 
el and solid state samples were 
amples showed a desorption rate 
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of 25.7 mg/g/min whereas the solid state 
slightly higher value of 26.1 mg/g/min. 
normally has less dependence on powder uni
of carbonate will be available around all t
instant of the reverse reaction. However, d
the structure of lithium silicate aggregates c
overall rate of the process. Comparison of da
and Fig. 7 clearly indicate that the samples p
gel route are superior in terms of absorption 
kinetics. Furthermore, the absorption 
comparable to the values reported in recent li
 

Table 1. Kinetic parameters obtained from the isotherm
different temperature fitted to a Double Exponential M

 
To clearly understand the rate determining
absorption process, kinetic calculations were
absorption isotherms of the sol-gel samples b
with a double exponential model as r
authors.38The isotherm was fitted with 

Y=A.Exp
−k

1
x
+B·Exp

−k
2

x
+ C (6) 

In the above equation Y represents the amou
at time “x”. k1 and k2 are the exponential
absorption of CO2 on the surface of the parti
absorption kinetically controlled by the diff
the bulk respectively. The k1 and k2 values
sample are listed in Table 1. Extremely goo
obtained for all the isotherms as revealed b
values in the table. The reported values of
times higher than that of k2

11and the sam
observed in the data in table 1 as well. Ho
some deviations in k1 and k2 values with re
temperature; which could either be due to
measurement (we have used a continuous m
in our study as in Fig. 6 or be due to the fact
were incomplete in our study as absorption
minutes). 

The kinetic constants were fitted against t
range 500-650oC where most of the pu
available, and shown as Arrhenius plots in Fi
energy values for the sol-gel samples were
kJ/mol for the chemisorption of CO2 on Li4S
for the diffusion ions. These calculated valu
other published reports.11 and the higher 

 
Temperature (°C) 

 
Sol-gel met

 

k1(1/s) k2(1/s) 

500 0.0043 0.0004
550 0.0076 0.0005
600 0.0007 0.0190
650 0.0420 0.0010

014 

te sample showed a 
. Desorption values 
niformity as the shell 
l the particles at the 
, during CO2 up-take 
s could determine the 
 data shown in Fig. 6 
s prepared by the sol-
on capacity as well as 
 rate values are 
t literature.29 

erms of Li4SiO4at 
l Model. 

ing steps during the 
ere performed on the 
s by fitting the curves 
 reported by other 

ount of CO2 absorbed 
tial constants for the 
rticles and the part of 

fusion processes on 
es calculated for the 

good fitting could be 
 by the very high R2 
of k1 are usually 10 
ame trend could be 
However, there were 
 respect to change in 
to the nature of the 

s measurement mode 
act that the isotherms 
on was limited to 20 

t temperature, in the 
published data are 

 Fig 8. The activation 
ere calculated as 70 

SiO4 and 37 kJ/mol 
alues are in line with 
er activation energy 

values for chemisorption are repr
CO2 on Li4SiO4. 

Fig. 8 Plots of ln k verses 1/T, for the two 

and diffusion (k2), observed on the SG samp

3.5 Cyclic absorption-desorption p

The stability and regenerability o
were investigated using cyclic ab
fixed temperature by switching b
N2 gases. Measurement was 
absorption temperature of 700°C
due to any durability issues. 
capacities for 5 consecutive 
Absorption was run at a CO2 
desorption at a N2 flow rate of 
done manually; therefore absorp
slight variations between cycles. 
was to see if absorption capacity
due to material loss or segregatio
absorption and release could be
cycles and indicate the structur
However, further studies in 1000
confirmation of this materials u
separation application.  
 

           
Fig. 9 Absorption-desorption performance

by sol-gel route (5 cycles at 700
o
C). 

SEM, TEM and XRD studies w
after cyclic study (5 cycles as 

ethod 

 R2 

04 0.9987 
05 0.9997 
90 0.9997 
10 0.9610 
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epresentative of the absorption of 

 
wo different processes chemisorption (k1) 

ample (a,b). 

n performance  

 of synthesized Li4SiO4 powders 
 absorption-desorption study at a 
g between 100% CO2 and 100% 
s performed at the maximum 
°C in order to accelerate decay 
s. The cyclic CO2 absorption 

e cycles are shown in Fig.9. 
 flow rate of 50 ml/min and 

of 50ml/min. The switching was 
rption/desorption durations have 
s. The purpose of the experiment 
ity decreased with cyclic loading 
tion. More or less complete CO2 

be achieved in the measured 5 
tural stability of the materials. 

000’s of cycles are necessary for 
 usage in any commercial CO2 

            
nce of Li4SiO4 based sorbent synthesized 

 were performed on the samples 
as in Fig. 9) to understand any 
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variations in morphology or crystal structur
occurred to the sample. The electron microg
Figure 10 (a) and (b) did not however sho
variation to the original samples (Fig.2 and
particles retained their size and morpholog
extend, although minor changes are visible. 
 

Fig. 10 (a) TEM (b) SEM images of Li4SiO4 after 5 cyc

desorption study. 

XRD pattern of the samples as in Fig. 11 a
with the pattern measured for the orig
5b).Nevertheless, peaks corresponding to 
found stronger in the samples after cyclic 
that minor changes in crystal structu
morphology are happening in the samp
absorption and desorption. However, the cha
significant to influence the absorption pe
samples at least till the 5 cycles we have follo

Fig.11 XRD patterns of Li4SiO45 cycles of absorp

study.[(Li4SiO4 (JCPDS 37-1472)]. 

3.4. CO2 absorption studies of Li4SiO4 co
carbon mesh. 
 

One of the main hurdles that limits the practi
these kinds of absorbents is the difficu
absorbent pellets for large scale applicati
ceramic extrusion processes have severe h
corrosive nature of excess carbonates when 
The near melt condition of the carbonat
absorption/desorption conditions also could 
driven shape deformation of the pellets wit
give rise to bulk flow limitations of gases wi
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ture that might have 
rographs as shown in 
show any significant 
and Fig. 3).  Powder 
logy to a reasonable 
 

 
 cycles of absorption and 

 also resembled well 
riginal sample (Fig. 
to [200] plane were 
ic loading. It is clear 
cture and probably 
mple during cyclic 
hanges have not been 
performance of the 
llowed in this study. 

 
sorption and desorption 

coated over porous 

ctical application of  
iculty in processing 
ations. Water based 

e hurdles due to the 
n dissolved in water. 

nate shell under the 
ld give rise to gravity 

ith time. This could 
 within the absorption 

column. Supported structures c
shapes are one way to limit shap
on the support substrate also is 
and handling as issues regardin
slurry could be better managed
Hence, we tried to coat the sol
carbon sheets and tested the 
resulting supported structures.  
 

Fig. 12 SEM micrographs of (a) Carbon supp

 
The surface microstructures of th
sheet are shown in Fig.12(a) and 
was made by ball milling the 
alcohol for 72 hours. From figu
coating is uniform over the surfa
powder weight was ~70% of th
structure.  
Cyclic absorption and desorption
carried out at 700oC using 100%
results are shown in Fig. 13. The
mg/g for the coated sample (1
minutes as shown in Fig. 13) an
was completed at a rate of 37
absorption rate was considerably
mg/g/min measured for the po
highlight the importance of mac
absorption rate. Powder sample
into lump form during the pre
800oC before the actual absor
restricting the bulk CO2 gas 
samples, on the other hand, 
macrostructure intact and ther
absorption rate during measure
capacity and rate of the coate
through the 8 cycles measured in
samples with excellent absorption
be obtained by this fabrication 
carbon substrate for long-term u
and is in progress now. Furthe
powder loading on the carbon 
absorption capacity of the coate
for making the samples useful for
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 coated in mechanically strong 
hape deformation. Slurry coating 
is easier in terms of fabrication 
ing the corrosive nature of the 
ed in any dip coating process. 
ol-gel based powders on porous 
e absorption behaviour of the 

 
support (b) Coated carbon support. 

f the uncoated and coated carbon 
nd (b). The slurry for dip coating 
he sol-gel powder in isopropyl 
igure 10 (b), it is clear that the 
face of the form. The absorbent 

 the total weight of the coated 

ion of the supported sample was 
00% CO2 and N2 gases and the 
The absorption capacity was 150 
 (120 mg/g within the first 20 
 and the first 60% of absorption 
 37.5 mg/g/min. The measured 
bly higher than the value of 22.5 
powder samples. These results 
acrostructure of the powders on 

ples normally shape themselves 
pre-heating stage carried out at 
sorption measurements, thereby 
s flow through them. Coated 
, are capable of keeping the 
erefore could realise superior 
rement. In addition, absorption 

ated sample remained same all 
 in our study. It is clear that the 
ion rate and cyclic stability could 
n method. The durability of the 
 use needs detailed verification 

ther improvements, in terms of 
on substrates and therefore, on 
ated materials are also necessary 
for any practical applications.  
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Fig. 13 Absorption-desorption performance of Li4SiO4 bas

by sol-gel route coated over porous carbon support (8 cyc

4. Conclusion 

Li4SiO4 sorbents for carbon dioxide abso
temperature were synthesized via, sol-gel as
method. Based on phase evolution studies
structural characteristics we concluded 
developed by sol-gel technique is superior.
release studies performed on the samples clea
sol-gel samples showed an absorption capa
mg/g and absorption rate of 22.5 mg/g/mi
rate was considerably higher than the corre
13.2 mg/g/min measured on the solid state 
be due to the unique platelet morpholog
samples. Absorption-desorption cyclic loa
shown that the sample remained durable 
studied. Supported absorbents on carbon me
and absorption rates as high as 37.5 mg/g/m
the samples also showed excellent durabilit
measured. Further improvements in terms of
the supports leading to higher absorption
supported structure may be required for maki
structures candidates for any practical applica
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