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Synthesis of LiAl2-layered double hydroxides for
CO2 capture over a wide temperature range
Liang Huang,a Junya Wang,a Yanshan Gao,a Yaqian Qiao,a Qianwen Zheng,a
Zhanhu Guo,b Yufei Zhao,c Dermot O'Hared and Qiang Wang*a
Although there are many reports on layered double hydroxide (LDH) derived CO2 adsorbents, none of them
have studied the special case of LiAl2 LDHs. Here we report the ﬁrst detailed investigation of the
performance of LiAl2 LDHs as novel CO2 adsorbents. LiAl2 LDHs were synthesized using both traditional
coprecipitation and gibbsite intercalation methods. All the materials were thoroughly characterized using
XRD, SEM, TEM, FTIR, BET, and TGA. The CO2 capture performance of these LDHs were investigated as a
function of charge compensating anions, Li/Al ratio in preparation solution, calcination temperature,
adsorption temperature, and doping with K2CO3. The data indicated that LiAl2 LDHs derived compounds
can be used as CO2 adsorbents over a wide temperature range (60–400  C), with a CO2 capture
capacity of 0.94 and 0.51 mmol g1 at 60 and 200  C, respectively. By doping LiAl2–CO3 LDH with 20
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wt% K2CO3, the CO2 adsorption capacity was increased up to 1.27 and 0.83 mmol g1 at 60 and 200  C,
respectively. CO2 adsorption–desorption cycling studies showed that both pure LiAl2 LDH and the
K2CO3-promoted LiAl2 LDH had stable CO2 capture performance even after 22 cycles. Considering its
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high CO2 capture capacity and good cycling stability, LiAl2 LDH based novel CO2 adsorbents have
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signiﬁcant potential for CO2 capture applications.

1. Introduction
It is evident that the CO2 emission resulting from the burning of
fossil fuels is one of the major reasons for the climate change.
Consequently, the reduction of CO2 emissions is essential to
reduce the risk of future devastating eﬀects.1,2 Although many
eﬀorts are ongoing to search for suitable alternative renewable
energy resources, the world today is still dominated by fossil
power (coal, petroleum, gas) and so there will be no signicant
change in our energy consuming spectrum in the next few
decades.3,4 Hence, one feasible step towards reducing CO2
emissions is to capture the CO2 generated during combustion
and store it in a suitable place.5 Sorption-enhanced processes,
such as sorption enhanced water gas shi (SEWGS),6 which is a
combination of WGS reaction and CO2 adsorption, as shown in
reaction (1), are recognized as very promising processes.
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CO(g) + H2O(g) + adsorbents(s) 4 adsorbent  CO2(s) + H2(g)
(1)
By removing CO2 from the reaction products, the balance is
driven to the right-hand side, then fully converting the fuels and
maximizing the production of H2.7 Since the ue gas was at a
relatively high temperature (200 to 400  C), separating CO2
without cooling the ue gases to room temperature seems more
feasible and more economic. So the key factor for this process is
the choice of a suitable CO2 capturing material.8–10 Unlike those
most commonly used inorganic materials, such as zeolites and
active carbon, which show a dramatic decrease in the CO2
adsorption capacity with an increase in the adsorption
temperature due to their physical adsorption feature,11 and
calcium oxide/hydroxide which requires very high regeneration
temperature and shows poor stability over several adsorption–
desorption cycles due to its structural changes,12,13 layered
double hydroxides (LDHs) derived metal oxides have been
regarded as the best candidate for the SEWGS process among
various solid adsorbents.
LDHs, which are also known as hydrotalcite-like compounds
(HTlcs) or synthetic anionic clays, are a family of layered
materials which comprise mono- or di- and trivalent cations
represented by the formula [M1xz+Mx3+(OH)2]m+Xnm/n$yH2O.
In the overwhelming majority of cases z ¼ 2, Mz+ ¼ Mg2+, Zn2+,
Ni2+, etc., and M3+ ¼ Al3+, Mn3+, Fe3+, etc. There is only one
special case that z ¼ 1, M+ is limited to Li+, and M3+ can only be
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Al3+.14–19 The structure of LDHs is well understood by being
related to brucite, Mg(OH)2, which consists of positively
charged brucite-like layers, with interlayer spaces containing
charge compensating anions and water molecules.20,21 Because
the chemical composition of both the charged layers and the
interlayer anions can be exactly controlled,22–24 LDHs possess
high potential in a wide range of applications such as re
retardation,25 catalysis,19,26,27 high-temperature CO2 capture,28,29
etc.
To date, several studies have been reported on the investigation of LDHs-derived CO2 adsorbents. For instance, the
eﬀects of divalent cations,30,31 trivalent cations,12 charge
compensating anions,3,6,32 Mg/Al ratio,7,33 calcination temperature and time,7,34 and alkali metal doping.29,35 But most studies
were only focused on the conventional Mg–Al LDHs. As a unique
monovalent cation containing LDH, the CO2 capture performance of LiAl2 LDH has not been reported to date. In 2011,
Wang et al.35 evaluated ve diﬀerent alkali metal carbonates
(Li2CO3, K2CO3, Na2CO3, Rb2CO3, and Cs2CO3) promoted LDHs
and found that by impregnation into LDHs, Li2CO3 showed the
highest CO2 capture capacity. As alkali metal compounds,
lithium containing complex oxides show good aﬃnity with CO2
and have been applied in the high temperature CO2 capture.36
By forming LDHs, lithium will be well dispersed in the
compounds, which is expected to have good CO2 capture
properties. The structure of LiAl2 LDHs and the structural
change upon calcination are illustrated in Fig. 1. In aluminum
hydroxide (Al(OH)3), two-thirds of the octahedral sites in brucite-like layers are occupied by the Al3+ ions. In LiAl2-LDH, the
Li+ cations are located in these vacant octahedral sites to form
the composition [Li1/3Al2/3(OH)2]1/3+. Anions are intercalated to
balance the charge resulting in a compound of [LiAl2(OH)6]+
A$nH2O.37 Aer calcination at an appropriate temperature,
LiAl2-LDHs lose their charged anions and the layered structures
collapse, forming an amorphous aluminum oxide with lithium
oxide highly dispersed. The formation of the basic Li–O and
lattice O2 sites can contribute to CO2 capture. Thus, the
synthesis of LiAl2-LDHs and its CO2 capture performance is of
great interest to researchers and is highly desired.
In this study, various LiAl2 LDHs intercalated with CO32,

Cl , and NO3 anions were prepared using two diﬀerent
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methods, coprecipitation and gibbsite intercalation. All
synthesized LiAl2 LDHs were thoroughly characterized using Xray diﬀraction (XRD), thermogravimetric analysis (TGA), scanning electron microscopy (SEM) and transmission electron
microscopy (TEM), Fourier transform infrared spectroscopy (FTIR), BET analysis, etc. The inuence of Li–Al ratio in preparation
solution, calcination temperature, adsorption temperature, and
K2CO3 doping on the CO2 capture capacity was investigated over
a wide temperature range. Finally, the stability of CO2 capture
during multiple CO2 adsorption–desorption cycles was examined for neat LiAl2–CO3 and K2CO3 promoted LiAl2–CO3 LDHs.

2.
2.1

Experimental section
Preparation of LiAl2 LDHs

LiAl2 LDHs intercalated with various anions including CO32,
NO3, Cl were prepared using two methods, coprecipitation
and gibbsite interaction methods. The preparation procedure for
coprecipitation is described as follows. LiAl2–CO3, LiAl2–NO3,
and LiAl2–Cl LDHs were synthesized by adding a LiNO3 and
Al(NO3)3$9H2O (LiCl and AlCl3 for LiAl2–Cl) solution drop-wise
into a Na2CO3, NaNO3, or NaCl solution. The pH of the precipitation was controlled at 10 using a 4 M NaOH solution. The
resulting mixture was aged at room temperature overnight with
continuous stirring, then ltered and washed with distilled water
until the pH reached 7, followed by drying at 60  C in an oven.
The detailed procedure for the gibbsite intercalation method
is similar to that reported by Besserguenev et al.14 3 g gibbsite
was dispersed in 160 mL of an aqueous solution containing 10fold molar excess of the appropriate lithium salt (LiCl or LiNO3).
The mixture was stirred at room temperature for 30 min then
transferred to a Teon lined stainless steel autoclave and kept at
120  C for 48 h (160  C for 48 h for NO3). The solid products
were collected by centrifugation and washed with distilled water
for 5 times, followed by drying at 60  C in an oven.
LiAl2–CO3-gibbsite was synthesized by the ion-exchange
method. 0.5 g of LiAl2–NO3 LDH was added to an aqueous
solution containing 4-fold Na2CO3. The mixture was stirred for
30 min, then transferred to a Teon lined stainless steel autoclave and kept at 120  C for 16 h. The solid products were
collected by centrifugation and washed with distilled water for 5
times, followed by drying at 60  C in an oven.
2.2

Preparation of K2CO3 doped LiAl2–CO3 LDH

K2CO3/LiAl2–CO3 LDHs was prepared using the incipient
wetness impregnation method. Before doping with K2CO3, neat
LiAl2–CO3 was rst calcined at 400  C for 5 h. Next, the K2CO3
solution was added drop-wise to the calcined LDH powder with
constant milling. The mixture was dried at 60  C in an oven, and
re-calcined at a range of temperatures before CO2 capture tests.
2.3

Fig. 1 The illustrated structure of LiAl2 LDH and its structural change
upon calcination.

This journal is © The Royal Society of Chemistry 2014

Characterization of samples

XRD patterns of samples were recorded using a Shimadzu XRD7000 instrument in reection mode with Cu Ka radiation. The
accelerating voltage was set at 40 kV with 30 mA current (l ¼
1.542 Å) at 0.1 s1 from 5 to 65 . The weight loss of LiAl2 LDHs
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was measured using a Q50 TGA analyzer (TA Instruments, N2
ow rate ¼ 60 mL min1). FT-IR experiments were performed
using an Excalibur 3100 FT-IR spectrophotometer (Varian). The
BET specic surface areas (SSA) were measured from the N2
adsorption and desorption isotherms at 77 K collected from an
ASAP 2020 physisorption analyzer (Micromeritics). The
morphologies of samples were characterized by SEM analysis
(SEM, JEOL JSM-6700F) at an accelerating voltage of 5.0 kV.
Powder samples were spread on carbon tape adhered to the
SEM stage. Before observation, the samples were sputter-coated
with a thin platinum layer to prevent charging and to improve
the image quality. TEM analyses were performed on a JEM-2100
microscope (JEOL, Japan) at an accelerating voltage of 200 kV.
2.4

Evaluation of CO2 adsorption capacity

Thermogravimetric sorption of CO2 on LiAl2 LDHs derivatives
was measured using a TGA analyzer (Q50 TA Instrument). LDHs
were rst calcined in a muﬄe furnace at a certain temperature
(300–500  C) for 5 h before transferring the samples to the TGA
analyzer. To avoid the error caused by the memory eﬀect, the
test was done immediately aer the rst calcinations. And the
samples were further calcined in situ at 400  C for 1 h under N2
before adsorption. CO2 adsorption experiments were carried
out at 1 atm with a constant ow of CO2 (40 mL min1).
Cycling tests were performed with a TGA analyzer. Approximately 10 mg of calcined sorbent was loaded in a platinum
basket. The sample was further calcined at 400  C for 1 h under
N2 to ensure thorough desorption. Adsorption–desorption
cycles were conducted at 200  C and 400  C. In a typical run, the
sorbent sample was heated to 200  C at a rate of 10  C min1
under an atmosphere of pure N2 and kept for 40 min. When the
temperature was reached and stabilized, the N2 was replaced by
CO2. Aer adsorption for 30 min, the gas was switched to N2,
and the TGA analyzer was heated to 400  C at a rate of 10  C
min1 and kept at 400  C for 30 min. Aer the completion of
desorption, the temperature was decreased at 10  C min1 to
200  C for the next cycle of adsorption.

3.
3.1

Results and discussion
Synthesis and characterization of LiAl2 LDHs

In order to evaluate the eﬀect of the synthesis method and the
inuence of charge compensating anions on CO2 capture
capacity, LiAl2 LDHs with diﬀerent interlayer anions (CO32,
Cl, and NO3) were synthesized using two diﬀerent methods,
which included co-precipitation method and gibbsite intercalation method. The obtained samples were rst characterized
using XRD analysis, as shown in Fig. 2. It is clear that all the six
LiAl2 LDHs have formed a typical layered double hydroxide
structure. A slight diﬀerence in the interlayer distance was
observed when various anions were used, probably due to
diﬀerence in their dimension and carried charges. When CO32
was inserted as a guest anion (PDF 42-0729), the interlayer
distance was 7.60 Å, while when NO3 was inserted (PDF 510359), the distance was expanded to 8.95 Å. However, the
patterns of LiAl2–Cl (PDF 51-0356) and LiAl2–NO3 LDHs
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Fig. 2 XRD patterns of LiAl2-LDHs synthesized by (a) coprecipitation
method and (b) gibbsite intercalation method; (-) bayerite, (:)
gibbsite.

synthesized by coprecipitation show the existence of impurity of
bayerite (PDF 20-0011). And all the LDHs synthesized by the
gibbsite intercalation method showed the existence of gibbsite.
Only the LiAl2–CO3 synthesized by the coprecipitation method
was a pure LDH phase, without any impurities observed in the
XRD. The LDHs synthesized by coprecipitation showed much
weaker and broader reection peaks, than those synthesized by
gibbsite intercalation, indicating smaller particle size and lower
degree of crystallinity. These features are expected to be more
suitable for gas adsorbents.
Fig. 3 shows the FT-IR spectra of gibbsite, and of LiAl2–Cl,
LiAl2–NO3, LiAl2–CO3 synthesized by gibbsite intercalation and
coprecipitation methods. All spectra contain a broad and strong
absorption peak at ca. 3450 cm1 which is associated with the
superposition of hydroxyl stretching band (–OH) arising from
the hydroxyl groups of brucite-like layers and hydrogen-bonded
interlayer water molecules.6,38 The vibration of interlayer water
molecules was observed at ca. 1635 cm1.39 For all the synthesized LDHs, the peak around 1365–1385 cm1 can be attributed
to the charge compensating anions. For instance, the peak
at 1372 cm1 for LiAl2–CO3 and the peak at 1382 cm1 for

This journal is © The Royal Society of Chemistry 2014
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Fig. 4 SEM images of (a) gibbsite, (b) LiAl2–Cl-gibbsite, (c and d)
LiAl2–NO3-gibbsite, and (e and f) LiAl2–CO3-gibbsite.

Fig. 3 FTIR spectra of (a) gibbsite and LiAl2-LDHs synthesized by
gibbsite intercalation method and (b) LiAl2-LDHs synthesized by
coprecipitation method.

LiAl2–NO3 can be assigned to the vibrations of carbonate and
nitrate, respectively.40 However, the interlayer Cl cannot be
observed in the studied region of the spectrum. Similar results
were observed by López et al.41 and Wang et al.6,42 The absorption bands around 741 and 547 cm1 are associated with the
vibrations of the Al–O.38
The morphologies of the synthesized LiAl2 LDHs samples
were observed by SEM. Fig. 4 shows the images of neat gibbsite
and the LDHs synthesized by gibbsite intercalation. It is clear
that aer mixing with lithium salts (LiCl, LiNO3) and hydrothermal treatment, gibbsite particles transformed into an LDH
structure. All LiAl2 LDHs synthesized by gibbsite intercalation
consisted of large layers that were stacked one by one, forming
big particles.39 The images indicated that the size of LDH
particles was approximately 10–50 mm, and the thickness of the
platelets was about 50–100 nm. Fig. 5 shows the SEM images of
LDHs synthesized by the coprecipitation method. It can be seen
that all three LDHs LiAl2–Cl-coprecipitation, LiAl2–NO3-coprecipitation, and LiAl2–CO3-coprecipitation formed platelet
structures mixed with granular material. The thickness of the
platelets was about 10–20 nm. The SEM images clearly showed
that the particle size of the LDHs synthesized by the coprecipitation method is much smaller than those synthesized by the
gibbsite intercalation method. In addition, the degree of crystallinity was also much lower, which is consistent with the XRD

This journal is © The Royal Society of Chemistry 2014

analysis. The morphology of all the LiAl2 LDHs were also
characterized using TEM analysis, as shown in Fig. 6, indicating
that all samples formed lamellar structures. Fig. 6(a–c) show
that the LiAl2 LDHs synthesized by gibbsite intercalation are
larger in lateral size. While the LiAl2 LDHs synthesized by the
coprecipitation method (Fig. 6(d–f)), consisted of small irregularly aggregated nanoplates.
Nitrogen adsorption–desorption isotherms were obtained
using an ASAP 2020 physisorption analyzer at 77 K. Samples
were degassed at 110  C (for fresh LDHs) and 220  C (for
calcined LDHs) under vacuum overnight. The specic surface
area was calculated by the Brunauer–Emmett–Teller (BET)
method. The Pore volume and the pore size distribution were
calculated by the Barrett–Joyner–Halenda (BJH) method (see

Fig. 5 SEM images of (a) LiAl2–Cl-coprecipitation, (b) LiAl2–NO3coprecipitation, and (c and d) LiAl2–CO3-coprecipitation.
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Fig. 6 TEM images of (a) LiAl2–Cl-gibbsite, (b) LiAl2–NO3-gibbsite, (c)
LiAl2–CO3-gibbsite, (d) LiAl2–Cl-coprecipitation, (e) LiAl2–NO3coprecipitation, and (f) LiAl2–CO3-coprecipitation.

Table 1). It is obvious that the synthesis method greatly aﬀects
the SSA, pore size, and pore volume. LiAl2 LDHs synthesized by
the coprecipitation method showed a relatively high BET
surface area of 47–90 m2 g1 and pore volume (0.3–0.6 cm3 g1).
While for the LDHs synthesized by the gibbsite intercalation
method, the BET surface area and pore volume were very low
(0.1–1.6 m2 g1 and 0.01–0.02 cm3 g1). The reason was because
the LDHs synthesized by the coprecipitation method were much
smaller than the gibbsite intercalation ones, which can be seen
clearly from the SEM and TEM images. Aer thermal treatment,
the BET surface area of all samples was signicantly improved,
with relatively smaller pore size and larger pore volume.

Table 1

Fig. 7 TGA analysis of LiAl2-LDHs with diﬀerent anions synthesized by
(a) coprecipitation, and (b) gibbsite interaction.

The structural evolution of the synthesized LDHs was
examined by TGA. Fig. 7 shows the weight loss of LiAl2-coprecipitation, gibbsite, and LiAl2-gibbsite LDHs measured by
heating them to 600  C at a rate of 10  C min1. The curves
for the co-precipitation-synthesized LiAl2–Cl, LiAl2–NO3, and
LiAl2–CO3 LDHs samples are all fairly similar in shape and they

Speciﬁc surface area, pore size, and pore volume of fresh and calcined LiAl2 LDHs

Samples

BET SSA (m2 g1)

BJH pore size (Å)

BJH pore volume (cm3 g1)

LiAl2–Cl-gibbsite
LiAl2–NO3-gibbsite
LiAl2–CO3-gibbsite
LiAl2–Cl-gibbsite-calcined
LiAl2–NO3-gibbsite-calcined
LiAl2–CO3-gibbsite-calcined
LiAl2–Cl-coprecipitation
LiAl2–NO3-coprecipitation
LiAl2–CO3-coprecipitation
LiAl2–Cl-coprecipitation-calcined
LiAl2–NO3-coprecipitation-calcined
LiAl2–CO3-coprecipitation-calciend

1.67
1.61
0.09
104.05
58.05
173.18
47.13
89.05
84.11
184.10
180.22
198.71

442.40
448.03
595.36
54.00
107.75
35.50
108.27
134.08
109.23
109.51
98.78
149.60

0.01
0.01
0.02
0.21
0.21
0.19
0.30
0.41
0.57
0.59
0.73
0.85
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revealed that all LiAl2-coprecipitation LDHs were diﬀerent from
the conventional MgAl LDHs and decomposed in a single step.
The dehydration, decarboxylation and dehydroxylation steps
cannot be separated, similar to the result reported by Thomas
et al.37 These samples exhibited very sharp decrease in mass in
the temperature range from 50  C to 300  C, 5% of the weight
lost at ca. 120  C accounts for the loss of intercalated water and
the surface adsorbed water. While LiAl2-gibbsite LDHs showed
slightly diﬀerent decomposition patterns, which had two
distinct regions of weight loss, the same as those reported by
Fogg et al.43 The initial weight decrease of approximately 5–12
wt% was due to the loss of loosely held water in the interlayer
space. And the second weight decrease in the temperature range
of 200–400  C was due to dehydroxylation of the octahedral
layers as well as decomposition of the interlayer anions.
Compared with LiAl2-coprecipitation LDHs, the thermal
stability of LiAl2-gibbsite LDHs was higher, which may be a
result of their larger particle size and improved crystallinity.

3.2

CO2 capture properties of LiAl2 LDHs

In a recent report, Lin et al.44 have reported the CO2 capture
using an aqueous alkaline Al3+- and Li+-containing solution,
with LiAl–CO3 LDH as the nal product. This work provided a
novel liquid-phase option for CO2 xation and demonstrated
that the Li–Al system is promising in CO2 capture. In this
contribution, we demonstrated that the LiAl–CO3 LDH derived
CO2 adsorbent is also promising in the capture of CO2 in gas
phase over a wide range of temperature. Fig. 8(a) shows the XRD
pattern of calcined LiAl2 LDHs. Aer calcination at 400  C, the
(00l) Bragg reections have disappeared, indicating all six
samples have lost their layered structure and transformed into
an amorphous mixed metal oxide. The XRD data indicated
aluminum oxide as the main phase (PDF 80-0955) with lithium
oxide highly dispersed in a matrix of Al2O3.45 Due to evaporation
of the interlayer H2O and decomposition of the intercalated
anions, these LDHs transform into a porous amorphous LDO
with high surface area, which is favorable for CO2 adsorption.4
More importantly, lithium becomes well dispersed in the LDO,
providing more active adsorption sites for CO2 capture.
The eﬀect of interlayer anions on the CO2 capture capacity of
LiAl2 LDHs derived adsorbents was examined at 200  C, as
shown in Table 2. Apparently, the CO32 intercalated LiAl2 LDH
showed higher CO2 capture capacity than other LDHs. For
instance, for the LDHs synthesized by coprecipitation, the CO2
capture capacity of calcined LiAl2–CO3 (0.44–0.51 mmol g1) is
much higher than that of calcined LiAl2–NO3 (0.16 mmol g1)
and LiAl2–Cl (0.16 mmol g1). While for the LDHs synthesized
by gibbsite intercalation, the CO2 capture capacity is 0.45, 0.41,
and 0.30 mmol g1 for calcined LiAl2–CO3, LiAl2–NO3, and
LiAl2–Cl, respectively. For LiAl2–CO3, the coprecipitation
method resulted in slightly higher performance for CO2 capture
than the gibbsite intercalation method. The thickness of the
LDH nanoparticles was calculated using the Scherrer equation
(Table 2). For the samples synthesized by coprecipitation, the
thickness is ca. 4–8 nm, much thinner than those synthesized

This journal is © The Royal Society of Chemistry 2014

Fig. 8 XRD pattern of (a) calcined LiAl2 LDHs intercalated with
diﬀerent anions, and (b) LiAl2–CO3 LDHs synthesized with diﬀerent
preparation Li–Al ratios; (;) aluminum oxide, (A) sample holder.

by gibbsite intercalation (40–50 nm), and this might be one of
the reasons for their better CO2 capture capacity.
Besides the eﬀect of interlayer anions and synthesis method,
the CO2 capture capacity is also aﬀected by the Li–Al ratio in
the preparation solution. Therefore, during the synthesis of
LiAl2–CO3 LDHs by the conventional co-precipitation methods,
the Li–Al ratio in the preparation solution was varied from 1 to
5. While it should be noted that the Li–Al ratio mentioned in
Table 2 was not the ratio in the obtained LDHs, but the ratio in
the preparation solution. Fig. 8(b) shows the XRD patterns of
LiAl2–CO3 LDHs synthesized with Li–Al ratios of 1/1, 2/1, 3/1,
4/1, and 5/1 in the preparation solution. It is apparent that all
ve samples formed the pure LiAl2 LDHs structure, and little
diﬀerence was observed with diﬀerent preparation Li–Al ratios.
The LiAl2–CO3 LDH synthesized with a preparation Li–Al ratio
of 3 : 1 showed the highest CO2 capture capacity of 0.51
(mmol g1), which is comparable to the most commonly used
Mg3Al–CO3 LDH (0.50 mmol g1).
It is well known that fresh LDHs do not possess any CO2
capture capacity. During thermal treatment, LDHs gradually
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Table 2

Summary of the CO2 capture capacity of synthesized LiAl2 LDHs

Samples

Li–Al ratioa

Thicknessb (nm)

d003 (Å)

CO2 adsorption
capacity (mmol g1)

LiAl2–CO3
LiAl2–CO3
LiAl2–CO3
LiAl2–CO3
LiAl2–CO3
LiAl2–Cl
LiAl2–NO3
LiAl2–Cl-gibbsite
LiAl2–NO3-gibbsite
LiAl2–CO3-gibbsite

1:1
2:1
3:1
4:1
5:1
3:1
3:1
—
—
—

7.31
8.27
9.11
8.68
8.45
7.78
4.45
40.11
50.24
38.19

7.59
7.66
7.57
7.51
7.60
7.61
8.59
7.41
8.95
7.60

0.45
0.44
0.51
0.49
0.49
0.16
0.16
0.30
0.41
0.45

a

The Li–Al ratio in the synthesis solution, not in the obtained samples. b Calculated using the Scherrer equation.

lose their interlayer water, and then get dehydroxylated and
decarbonated to a large extent, leading to the formation of a
mixed metal oxide.46 Fig. 9(a) shows the XRD patterns of
LiAl2–CO3-coprecipitation LDHs calcined at diﬀerent temperatures ranging from 105–800  C. The data revealed that
LiAl2–CO3 LDH still retained its layered double structure at
150  C. When the calcination temperature was higher than

(a) XRD patterns of calcined LiAl2–CO3 LDHs at diﬀerent
temperatures, (b) the inﬂuence of calcination temperature on the CO2
capture capacity of LiAl2–CO3 LDH; (+) aluminum oxide, (-) lithium
aluminum oxide.
Fig. 9

18460 | J. Mater. Chem. A, 2014, 2, 18454–18462

200  C, it gradually lost its layered structure and turned into
amorphous aluminum oxide. The lithium oxide (Li2O) could not
be detected by XRD analysis, suggesting a well dispersion of
Li2O within the sample. With further increase in the calcination
temperature to 600–800  C, a new crystal phase of lithium
aluminum oxide (PDF 75-0905) was formed. The eﬀect of
calcination temperature (300–500  C) on the CO2 capture
capacity of LiAl2–CO3 LDH was also studied, as shown in
Fig. 9(b). The CO2 capture capacity rst increased with the
increase in the calcination temperature up to 400  C, and then
started to decrease with further increase in the calcination
temperature from 400 to 500  C. When the calcination
temperature was too low (300  C), the layered structure was not
completely decomposed, with very weak 00l peaks still present.
However, if the calcination temperature was too high, it started
to transform into other spinel oxides, which have lower surface
area and few basicity sites for CO2 adsorption. This phenomenon is similar to that of Mg3Al–CO3 LDHs, for which it was
previously suggested by Wang et al.12 that the quasi-amorphous
phase obtained by thermal treatment of LDHs at the lowest
possible temperature possessed the highest CO2 capture
capacity.
In order to integrate this novel CO2 adsorbent into certain
processes, its CO2 adsorption performance at diﬀerent
temperatures is of great interest. Fig. 10(a) shows the CO2
capture capacity as a function of adsorption temperature. The
result indicated that LiAl2–CO3 had good CO2 capture capacity
over a wide temperature range. The maximum CO2 capture
capacity was reached at 60  C (0.94 mmol g1), and the
adsorption capacity decreased with the increase in adsorption
temperature. The adsorption capacity at 60, 100, 150, 200, 300,
and 400  C was 0.94, 0.69, 0.69, 0.51, 0.37, and 0.35 mmol g1,
respectively.
It was suggested that doping LDHs with K2CO3 enhanced
the CO2 adsorption capacity. Thus, the K2CO3 promoted
LiAl2–CO3 LDH was also prepared, and the SEM images are
shown in Fig. 10(b) and (c). Aer milling and calcination, the
morphology of LiAl2–CO3 nanoplates changed to aggregations of nanospheres. The promotion eﬀect of K2CO3 was also
studied with LiAl2–CO3 LDH, as shown in Fig. 9(a). In
general, the CO2 adsorption capacity of K2CO3 promoted
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(a) The inﬂuence of adsorption temperature on the CO2
capture capacity of LiAl2–CO3 and K2CO3 promoted LiAl2–CO3 LDHs,
(b and c) SEM images of K2CO3 promoted LiAl2–CO3 LDH calcined at
400  C for 5 h in air.
Fig. 10

LiAl2–CO3 also decreased with the increase of temperature.
By doping the LDHs with 20 wt% K2CO3, the CO2 adsorption
capacity was highly increased at all tested temperatures. For
instance, the CO2 adsorption capacity at 60, 100, 150, 200,
300, and 400  C was 1.27, 0.98, 0.83, 0.83, 0.63, and 0.68
mmol g1, respectively.
For practical applications, the stability of adsorbents
during CO2 adsorption–desorption cycles is also very
important. Thus, both neat LiAl2–CO3 and K2CO3 promoted
LiAl2–CO3 LDHs derived adsorbents were evaluated using a
typical temperature swing adsorption (TSA) process. The
adsorption was performed with pure CO2 at 200  C for 30
min, and desorption was performed with pure N2 at 400  C
for 30 min. Fig. 11(a) and (b) show the CO2 adsorption and
desorption performance of LiAl2–CO3 and K2CO3 promoted
LiAl2–CO3 LDHs during 22 cycles. Both the results showed
that the CO2 adsorption capacity in cycle 2 was lower than
that in cycle 1, which was due to some irreversible chemisorption. For neat LiAl2–CO3, the capture capacity became
stable from cycle 2, which was ca. 0.36–0.37 mmol g1 during
the rest 21 cycles. While for the K2CO3 promoted LiAl2–CO3
LDH, the CO2 capture capacity became stable from cycle 8,
which was ca. 0.52 mmol g1 during the rest 14 cycles.
Although the CO2 capture capacity of K2CO3 promoted
LiAl2–CO3 LDH dropped more than neat LiAl2–CO3 LDH, its
stable adsorption capacity was still much higher, which
provides a better chance for applications.

This journal is © The Royal Society of Chemistry 2014

Fig. 11 (a) Mass changes of LiAl2–CO3 LDH during CO2 adsorption–
desorption cycles, (b) mass changes of K2CO3 promoted LiAl2–CO3
LDH during CO2 adsorption–desorption cycles, and (c) adsorption
capacities of LiAl2–CO3 and K2CO3 promoted LiAl2–CO3 LDHs during
CO2 adsorption–desorption cycles.

4. Conclusions
In all, we reported a novel CO2 adsorbent based on LiAl2 and
promoted LiAl2 LDHs for the rst time. By using diﬀerent
synthesis methods, a series of LiAl2 LDHs with diﬀerent interlayer anions CO32, NO3, and Cl were synthesized and characterized. The XRD analysis suggested that the pure LiAl2–CO3
LDH could be synthesized by the coprecipitation method, while
LiAl2 LDHs synthesized by the gibbsite intercalation method
had some un-reacted gibbsite impurity. SEM and TEM images
showed that the LiAl2 LDHs synthesized by the coprecipitation
method all consisted of small nanoplates aggregated together
irregularly, and the particle size was much smaller than the
ones synthesized by gibbsite intercalation. Nitrogen
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adsorption–desorption analysis suggested that the LDHs
synthesized by the coprecipitation method had much higher
BET specic surface area than the gibbsite intercalation ones.
The thermal stability of obtained LiAl2 LDHs was characterized
using TGA analyses. Of all the samples obtained, LiAl2–CO3
showed higher CO2 capture capacity compared to LiAl2–NO3
and LiAl2–Cl. The LiAl2–CO3 LDH synthesized with a Li–Al ratio
of 3 : 1 in the preparation solution had the highest CO2 capture
capacity of 0.51 (mmol g1) at 200  C, which is comparable to
the most commonly used Mg3Al–CO3 LDH (0.50 mmol g1). The
best calcination temperature for LiAl2–CO3 was 400  C, and it
showed good CO2 capture performance over a wide temperature
range of 60–400  C. By doping with 20 wt% K2CO3, the CO2
adsorption capacity of LiAl2–CO3 LDH was highly increased at
all temperatures. CO2 adsorption–desorption cycling tests
demonstrated that this new adsorbent had good stability aer
22 cycles.
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