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Abstract

Using inexpensive porous diatomite as silicon source, novel LiySiO4-based sorbents for high temperature CO, capture were prepared
through the solid-state reaction method at lower temperature (700 °C). Effect of different raw material ratios on CO, absorption
capacity was investigated. The results showed that CO, absorption capacity was dependent on the raw material ratio. When the raw
material ratio was 2.6:1, the CO, absorption capacity reached 30.32 wt% (83% of the theoretical absorption capacity) in the atmosphere
(50 mL/min N, and 50 mL/min CO,). Meanwhile, it was found that the as-prepared Li;SiO4-based sorbents from diatomite exhibited

good absorption—desorption performance.

© 2012 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

With use of fossil fuels, CO, becomes a major green-
house gas that is released into air. The separation, recovery
and storage/utilization of CO, have attracted considerable
attention in recent years owing to the growing problem of
global warming and other hazards. CO, can be removed
from flue gas and waste gas streams by various methods
such as membrane separation, absorption with a solvent,
and absorption using molecular sieves [1-6]. However,
these methods are expensive or consume a lot of energy.
Hence, the materials with high CO, capture capacity at
high temperature are desirable.

In recent years, CO, capture at high temperatures (450
750 °C) based on regenerable sorbent materials has received
increasing attention as an alternative to low-temperature
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CO, capture sorbents [7-10]. In the last few years, some
researchers have reported some new sorbents for CO,
capture. The use of these high temperature sorbents pro-
vides both high CO, absorption capacity and CO, selectiv-
ity at temperatures between 450 and 700 °C. Specifically,
lithium and sodium-based ceramics seem to present ade-
quate conditions for CO, capture. Among all these cera-
mics, LiySiO4 seems to have excellent properties for CO,
capture. Compared with other lithium-based ceramics
such as Li,ZrOs, LiFeO,, LiNiO, and Li,TiOs3, LisSiO4
has better CO, absorption properties (higher absorption
capacity, faster absorption rate, and better cyclability
properties) over a wide range of temperature and CO,
concentration [11-13]. The solid phase reaction is the most
common synthesis route of LiySiO4. By this method, some
researchers usually prepared LisSiO4 sorbents with high
absorption properties with analytically pure SiO, as silicon
source, which needs harder preparation conditions (900—
1000 °C) [14,15]. According to the double sorption mechan-
ism [7,10,13], the diffusion process, as one of the limiting
steps, may be avoided or at least reduced by the synthesis of
small particles. Marin et al. [16] reported that pure LisSiO4
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sorbents with SiO, nanopowders as silicon source had high
absorption capacity, which increased the preparation cost.

Taking into account the significant content of SiO, on
diatomite and in order to increase its use, this work has
focused on the solid-phase preparation of novel LisSiOy4-
based sorbents from cheap porous diatomite (with ~1 pm
pore size) for high temperature CO, capture at lower
temperature (700 °C). The influence of raw material ratios
on the absorption capacity was investigated. Additionally,
the absorption—desorption performances of LisSiO4-based
sorbents from diatomite were investigated by thermogravi-
metric analysis.

2. Experimental

Diatomite (about 75% SiO,, C.R., Shanghai Fengxian
Reagent Co.Ltd., China) and Li,CO3 (97%, A.R., Tianjin
Fengchuan Chemical Reagent Co.Ltd., China) were used
as the starting powders. The compositions for diatomite
are shown in Table 1. Li4SiO4-based sorbents were synthe-
sized by calcining the starting powder mixture with
different molar ratios (nLi»CO5:1nS10,=2-2.8) at 700 °C
for 4 h. The synthesizing reaction is as follows:

2Li,CO5+S10,=Li45104+2CO;,

Table 1
Diatomite composition analysis.
Composition SiO, AlLO; Fe, O3 CaO K,O Loss others
Content (wt%) 7526 1433  2.31 1.02  1.56 435 1.17
q 1-L\4S|O4
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Fig. 1. XRD pattern of Li;SiO4-based sorbents with different raw
material ratios at 700 °C for 4 h.
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Table 2
Effect of raw material ratios on absorption capacity.
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Crystalline phases were identified by XRD (DS8ADVANCE,
German) analysis. The morphologies were characterized by
SEM (JSM-35C, JEOL Ltd., Japan). The absorption proper-
ties of LisSiO4-based sorbents were investigated at the
absorption condition (the absorption temperature is 620 °C,
retaining time is 30 min, and the atmosphere is the gas mixture
(50 mL/min N, and 50 mL/min CO,)) by TG-DSC (STA 449
F3, Netch Co. Ltd., German). The absorption reaction is as
follows:

Li,SiO,4 4+ CO,=LiySiO; 4 Li,CO;

As seen from reaction (2), the theoretical absorption
capacity of LizSiOy is 36.7 wt%.

3. Results and discussion
3.1. Phase composition of Li;SiO4 sorbents

Fig. 1 shows the XRD patterns of Li4SiO4-based sorbents
with different raw material molar ratios prepared at 700 °C
for 4 h. As shown in Fig. 1, when the raw material molar
ratio is 2:1, Li4SiO4 and Li,SiO3 were the main phases, and
only small quantities of SiO, (not marked) and LiAlSi,Og
phases were observed. Based on Scherrer’s formula [17],
the fractions of LisSiO4, LirSiOs3, LiAlSi,O¢ and SiO,
phases were evaluated to be about 68.9%, 22.1%, 4.7%
and 3.7%, respectively. The occurrence of LiAlSi,O¢ phase
resulted from the reaction between Al,O; phase coming
from diatomite and Li,CO;3;. And the presence of Li,SiOs
and SiO» phases indicated that the lower synthesis tempera-
ture and shorter calcination time were not enough to
complete the reaction [18]. With increasing raw material
molar ratios(2.6:1 or 2.8:1), Li,SiO; phase disappeared.
Kato and Nakagawa [19] tested Li,SiO; material for the
CO, capture, and they did not observe any weight incre-
ment due to kinetics factors. It is obviously seen from Fig. 1
that higher raw material molar ratio is helpful for the
production of LiySiO4 phase, which is probably because the
existence of impurities needs a greater amount of Li for the
LisSiO4 formation.

3.2. Effect of raw material ratios on absorption capacity

Table 2 shows the effect of different raw material ratios
on CO, absorption capacity. As seen from Table 2, with
increasing raw material ratio, CO, absorption capacity
increased at first, then decreased. When the raw material
ratio is 2.6:1, the CO, absorption capacity reached the
largest value (30.32 wt%), which is 83% of the theoretical
absorption capacity. In fact, the largest absorption capacity

Raw material ratio 2:1 2.1:1

2.2:1

2.3:1 2.4:1 2.6:1 2.8:1

Absorption capacity(%) 15.86% 22.32%

24.47%

28.62% 29.40% 30.32% 16.34%
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Fig. 2. TG-DSC curves of LisSiO4-based sorbents (700 °C, 4 h) with different raw material ratios (a: 2:1, b: 2.6:1, and c: 2.8:1).
was more than 30.32 wt%, which was because diatomite 140
contains 25 wt% impurities except for SiO,. TG-DSC fBoed
curves of LiySiOy4-based sorbent at 2.6:1 was shown in 01AdA A
Fig. 2A. As shown in Fig. 2A, two different weight 130
increments for TG curve and two obvious exothermic peaks : 4
in the DSC curve were observed between 200 and 450 °C, 1255
and 480 and 620 °C, respectively. This kind of thermal trend P ]
had been observed for other ceramics [20], which may be %
explained by the absorption mechanism of lithium-based = 115
sorbents [7]. The whole chemisorption process is divided
into two steps: first, a superficial reaction is produced at 110
low temperatures (200450 °C). At this moment, a Li,CO; -
external shell is formed at the particle surface. Then, the L LJ u u L L u u L k
lithium diffusion is activated with increasing temperature (480 100 4
620 °C), and the reaction continues through the bulk material, A T A L T T .
completing the CO, chemisorption. Timemia

TG and DSC curves comparisons of LisSiO4-based
sorbents with three raw material ratios are shown in
Fig. 2B and C. When the raw material ratio was less than
2.6:1, the CO, absorption capacity increased with increas-
ing raw material ratio (seen from Table 2, Fig. 2B(a) and
(b)). As shown in Fig. 2C, the sample (b) has two sharper
peaks appearing at lower temperatures than those of the
sample (c). At the same time, the sample (b) showed a
larger absorption rate in Fig. 2B. This showed that the
reaction happened quickly at lower temperatures for the

Fig. 3. Absorption—desorption performance of LiySiO4-based sorbents
from diatomite.

sample (b), resulting in larger absorption capacity. On the
other hand, this is probably because the formation of
(K,/Li)COj3 eutectic melt at higher raw material ratio
promotes the sorption kinetics on LisSiO4 [21,22]. When
the raw material ratio increased from 2.6:1 to 2.8:1, the
absorption capacity decreased from 30.32 wt% to 16.34 wt%
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Fig. 4. Morphologies of diatomite (D), Li4SiO4-based sorbents (DS) and LisSiO4-based sorbents after 16 cycles (DSC).

(see Fig. 2B). As seen from Fig. 2B and C, the sample (c)
showed two more moderate peaks and lower absorption
rate than the sample (b), resulting in lower absorption
capacity. This could be attributed to the presence of more
secondary phases or impurities not absorbing CO, with
higher raw material ratio (2.8:1).

3.3. Absorption—desorption performance measurement

A Netzsch thermogravimetric analyzer was used to screen
the performance of LisSiO4-based sorbents. The absorption—
desorption test was carried out at a fixed temperature,
700 °C. During the test, a mixture gas (50 mL/min N, and
50 mL/min CO,) for absorption and (100 mL/min N,) for
desorption was introduced into the system alternatively via
an automated switch valve every 30 min. The purpose of the
test is to carry out the uptake and regeneration cycles. Fig. 3
shows the absorption—desorption cycle number of LisSiOy4-
based sorbents from diatomite. As shown in Fig. 3, with
increasing cycle number, the absorption capacity decreased
by 6.44 wt% from the first cycle (34.14 wt%) to the 16th
cycle (27.70 wt%). This is because LiySiO4-based sorbents
from diatomite have specific morphologies, which refrained
LisSiO4-based sorbents from sintering in multinumber cycles
(see Fig. 4). Seen from Fig. 4D, diatomite has rich pore
structure and uniform pore distribution with the pore size of
0.5-1.0 um. The as-prepared sorbents do not inherit the
morphologies of diatomite. It is noticeable that the morphol-
ogies of LiySiO4-based sorbents after 16 cycles (Fig. 4DSC)
are similar to those of fresh LisSiO4-based sorbents
(Fig. 4DS), which resulted in better cyclic absorption stability
of LiySiO4-based sorbents. Compared with the lithium-based
sorbents prepared by Marin et al. [16], the as-prepared
Li4SiO4-based sorbents have a higher CO, absorption capa-
city and better cyclic properties. Therefore, LisSiO4-based
sorbents from diatomite should have a potential application
prospect for high temperature CO, capture.

4. Conclusions

Novel LisSiO4-based sorbents from diatomite for high tem-
perature CO, capture were developed at lower temperatures

(700 °C). From the results of this work, the following conclu-
sions were obtained:

1) Effect of different raw material ratios on CO, absorption
capacity was investigated. With increasing raw material
ratio, CO, absorption capacity increased first, then
decreased. When the raw material ratio is 2.6:1, the CO,
absorption capacity reached the largest value (30.32 wt%)
in a mixture gas (50 mL/min N, and 50 mL/min CO,),
which is 83% of the theoretical absorption capacity.

2) The absorption—desorption performance of LiySiOy4-
based sorbents from diatomite was investigated. The
absorption capacity decreased by 6.44 wt% from the
first cycle (34.14 wt%) to the 16th cycle (27.70 wt%),
which resulted from the unchanged morphologies in
multinumber cycles.
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