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Abstract
In this contribution, a novel high-temperature CO2 adsorbent consisting of Mg-Al layered double hydroxide (LDH) and graphene oxide (GO)
nanosheets was prepared and evaluated. The nanocomposite-type adsorbent was synthesized based on the electrostatically driven self-assembly
between positively charged Mg-Al LDH single sheet and negatively charged GO monolayer. The characteristics of this novel adsorbent were
investigated using XRD, FE-SEM, HRTEM, FT-IR, BET and TGA. The results showed that both the CO2 adsorption capacity and the multicycle stability of LDH were increased with the addition of GO owing to the enhanced particle dispersion and stabilization. In particular, the
absolute CO2 capture capacity of LDH was increased by more than twice by adding 6.54 wt% GO as support. GO appeared to be especially
effective for supporting LDH sheets. Moreover, the CO2 capture capacity of the adsorbent could be further increased by doping with 15 wt%
K2 CO3 . This work demonstrated a new approach for the preparation of LDH-based hybrid-type adsorbents for CO2 capture.
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1. Introduction
Recently, there is a growing consensus that global climate change is occurring. As measured by Scripps Institute of
Oceanography, CO2 concentration was ca. 315 ppm in March
1958, which was increased to 391 ppm in January 2011, and
to 398 ppm in January 2014 [1]. Now, it is widely accepted
that the strong greenhouse gas effect significantly contributes
to the global warming [2], which causes environmental problems like continuous rise of water-level in sea and the increasing number of ocean storms and floods, etc. [3]. Reducing the
emission of CO2 becomes the worldwide concerned problem,
for which many techniques have been investigated, including substituting nuclear power for fossil fuels, increasing the
efficiency of fossil plants, and capturing CO2 prior to emission into the environment. All of these techniques have the
attractive feature of limiting the amount of CO2 emitted into

the atmosphere, but each has economic, technical, or societal
limitations [4].
Sorption enhanced water gas shift (SEWGS) is well
known as a promising pre-combustion CO2 capture technology, which is a combination of WGS reaction and CO2 sorption, as shown in Equation (1). Due to the existence of a
solid CO2 adsorbent, the produced CO2 can be in situ captured. And in the meantime, the conversion of CO and the
production of H2 can be increased as well [5−8].
CO(g)+H2 O(g)+adsorbent(s)↔adsorbent-CO2(s)+H2 (g)(1)
The key to ensure the success of this process is choosing
a good CO2 capturing material. Bearing in mind the limitations of the existing materials, there is an intense search for
new adsorbents that exhibit good CO2 adsorption capacity for
SEWGS process. Layered double hydroxides (LDHs) are an
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interesting class of inorganic compounds, and in particular, their derivatives produced upon-calcination have desired
properties as CO2 adsorbents in pre-combustion capture applications [8−13].
For LDHs-derived CO2 sorbents, starting from the natural mineral (Mg-Al-CO3), many works have been done.
For instance, the effects of divalent cations [14], trivalent
cations [15], charge compensating anions [13,16,17], Mg/Al
ratio [18], synthesis method [19], the presence of SO2 and
H2 O [9,20], particle size [21,22], alkali metal (K, Cs) doping
[10,16,22−27], supported LDHs [28], and operational pressure [29] on CO2 adsorption have all been reported. Except
for changing the composition of LDHs, another effective way
to improve the CO2 capture capacities is to control the particle
size of the LDHs. For the adsorbents, decreasing the particle
size or improving the specific surface area then improves the
surface adsorption activity site, which then improves the CO2
capture capacities. Meis et al. [28] have studied the relationship between platelet sizes of LDHs and their CO2 sorption
capacities. The results showed that the LDHs with a platelet
size between 30 nm and 2 µm have an invariant adsorption capacity (∼0.1 mmol/g). However, the supported LDH samples
with a platelet size of ∼20 nm had much higher capacities.
They proposed that the CO2 sorption capacities of LDHs are
determined by the amounts of low-coordination oxygen sites
in Mg(Al)Ox nanoparticles. Besides, Wang et al. [12] also
found that the nano-sized spherical Mg3 Al1 -CO3 LDHs with
an average particle size of ca. 20 nm showed an increased
CO2 capture capacity. Recently, Garcia-Gallastegui et al. [30]
synthesized a LDH/graphene oxide (GO) hybrid material by
co-precipitation method for CO2 capture, and they confirmed
that both the CO2 sorption capacity and recyclability were increased when LDHs were supported onto GO, which could be
attributed to the enhanced particle dispersion.
It is believed that reducing the particle size of LDH can
increase its CO2 adsorption capacity. However, due to the
layered feature of LDHs, it is difficult to further reduce the
particle size lower than 20 nm. In this contribution, we report
that the delamination of LDHs into single layer may be the
most effective solution to this problem [31]. The delaminated
nanosheets have an exceedingly high two-dimensionality with
a molecular thickness, higher specific surface area, more degree of freedom, and more crystal orientation, etc. [31]. However, because of the strong surface charge density of LDHs
monolayer [32], it is easy to restack and it is very difficult to
separate the delaminated LDHs monolayer from solution. In
order to tackle the restacking and separation issue, negatively
charged graphene oxide single sheets are introduced to the exfoliated LDHs dispersion solution [33]. The electrostatic interaction between GO and LDHs creats a layered assembly
of two sheets. The resulting nanocomposite contains exfoliated LDHs and GO nanosheets and its performance for CO2
capture is reported for the first time. In principle, such assembly is beneficial for maximizing the dispersion of LDH
nanosheets on the surface of GO, which can consequently increase the utilization rate of LDH as active CO2 adsorption
materials.

2. Experimental
2.1. Synthesis of samples
2.1.1. Synthesis of Mg-Al-NO3 LDHs
A salt solution (100 mL) containing a mixture of
0.075 mol Mg(NO3 )2 ·6H2 O and 0.025 mol Al(NO3 )3 ·9H2 O
was added dropwise to a basic solution (100 mL) containing 0.05 mol Na2 NO3 . The pH value of the mixture solution
was kept constant at 10 by the addition of a NaOH solution
(3.4 mol/L). The resulting mixture was hydrothermally treated
at 120 ◦ C overnight. After hydrothermal aging, the sample
was filtered and washed with deionized water until pH = 7,
then dried at 100 ◦ C in an oven. The obtained sample was
Mg-Al-NO3 LDHs.
2.1.2. Synthesis of graphite oxide
Graphite oxide was prepared from the natural graphite
power according to a modified Hummers method [34]. The
graphitic oxide was prepared by stirring some powdered flake
graphite and sodium nitrate into the concentrated H2 SO4 .
Then KMnO4 was added gradually with stirring while keeping the temperature of the mixture below 20 ◦ C with ice-bath.
The mixture was then stirred at 35 ◦ C for 30 min, followed by
the addition of some distilled water. After another 30 min stirring, some distilled water was then added to terminate the reaction. Subsequently, 30 wt% H2 O2 was added and the color
of the mixture changed to bright yellow. The mixture was
centrifuged and washed with 10 wt% HCl solution to remove
the residual metal ions. The precipitate was then washed with
Milli-Q water and centrifuged repeatedly until the solution became neutral, then dried at 100 ◦ C in an oven. The obtained
sample was graphite oxide.
2.1.3. Delamination of LDHs
For the delamination of LDHs, 0.5 g Mg-Al-NO3 LDHs
were put into 50 mL formamide, followed by magnetic stirring till no sediment was observed upon standing. The concentration of delaminated Mg-Al-NO3 LDHs dispersion was
10 g/L, which was marked Mg-Al-NO3 LDH-NS.
2.1.4. Delamination of graphite oxide
To delaminate graphite oxide, the product was treated
with an ultrasonic probe at 700 W for 1 h, followed by centrifuging at 8000 rpm for 10 min. The delaminated graphite
oxide was obtained in the supernatant. The precipitate was
delaminated repeatedly. The concentration of delaminated
graphite oxide dispersion, which was 1 g/L, was determined
by drying 100 mL supernatant at 60 ◦ C for two days, followed
by measuring the mass using electronic balance.
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2.1.5. Synthesis of Mg-AL-NO3 -NS and graphene oxide
nanocomposite (Mg-Al-NO3 LDH-NS/GO)
The nanocomposite containing exfoliated Mg-Al-NO3
LDH and GO nanosheets (Mg-Al-NO3 LDH-NS/GO) was
produced by simply mixing the dispersions of each component together. Six different LDH/GO nanocomposites were
prepared by varying LDHs/GO volume ratios of 1/0.3, 1/0.5,
1/0.7, 1/1, 1/5 and 1/10. The precipitation was centrifuged under 8000 rpm for 10 min, followed by washing with Milli-Q
water and anhydrous ethanol repeatedly to remove formamide
and water completely. After drying at 100 ◦ C for 24 h, the
precipitation was obtained.
2.2. Characterization of samples
Powder XRD analyses were conducted on a Shimadzu
XRD-7000 X-ray diffractometer with Cu Kα radiation.
Diffraction patterns were recorded within the range of
2θ = 5o –65o with a step size of 0.02o . The morphologies
of samples were characterized by field emission scanning
electron microscope (FE-SEM, SU-8020). High resolution
transmission electron microscopy (HR-TEM) images were
obtained on a JEOL 2010, operating at 200 kV. Samples
were prepared by dispersing the sample in isopropanol using
0.01 mg LDH/GO per mL of solvent, and allowing a drop to
dry onto a holey carbon copper grid (300 mesh, Agar Scientific). Fourier transform infrared spectrometer (FT-IR) experiments were performed using a FTS 3000 MX FT-IR spectrophotometer. The Langmuir specific surface areas (SSA)
were measured from N2 adsorption and desorption isotherms
at 77 K collected from an ASAP 2020 physisorption analyzer
(Micromeritics). Before each measurement, fresh and calcined samples were first degassed at 110 ◦ C and 220 ◦ C respectively, for overnight. The zeta potentials of delaminated
LDHs and GO were measured using zeta potential analyzer.
(ZPA, Nanosizer Nano ZS, Malvern Instruments).
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2.3. Evaluation of CO2 capture capacity
Thermogravimetric adsorptions of CO2 on the samples
were measured using a Q50 TGA analyzer. Samples were
firstly calcined at 400 ◦ C for 5 h in N2 (60 mL/min) before
performing adsorption. To avoid the error caused by memory effect, the test was carried out immediately after the first
calcination. And the samples were further calcined in situ at
400 ◦ C for 1 h in N2 (60 mL/min) before adsorption. CO2
adsorption experiments were carried out at 1 atm with a constant flow of CO2 (20 mL/min). The regeneration and stability of the adsorbents were assessed by adsorption/desorption
cycling tests, in which the adsorption step was carried out at
200 ◦ C for 30 min with a constant flow of CO2 (20 mL/min),
and the desorption was performed at 400 ◦ C for 30 min with a
constant flow of N2 (60 mL/min).
3. Results and discussion
3.1. Delamination and characterization of LDH and GO
nanosheets
Highly crystalline Mg-Al-NO3 LDHs were synthesized
using coprecipitation method, followed by hydrothermal aging at 120 ◦ C for overnight. Powder XRD data confirmed
that the synthesized Mg-Al-NO3 LDHs was pure phase [35].
The Mg-Al-NO3 LDHs material had a hydrotalcite-type structure, as shown in Figure 1(a). However, after the Mg-Al-NO3
LDH powder was put in formamide, and stirred for several
hours, a clear and transparent colloidal dispersion was obtained. The inset of Figure 1(b) shows that a clear Tyndall
light scattering was observed, which indicated the presence
of exfoliated nanosheets of the layered solid well dispersed
in the formamide [36]. But for the XRD pattern of delaminated LDH (Figure 1b), the characteristic diffractions of LDH
structure disappeared, with only a halo at 2θ = 20o –30o came

Figure 1. XRD patterns of Mg-AL-NO3 LDH (a) and delaminated LDH (b) and inset shows its Tyndall effect
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from formamide [32]. The absence of sharp basal peaks
clearly suggested that the host sheets were not in parallel to
induce interference of the X-rays [31]. Therefore, it could
be identified that the LDH had been delaminated into individual nanosheets. In order to further prove that LDH has
been exfoliated, TEM analysis was performed. Very thin LDH
nanosheets with translucent plate-like morphology could be
clearly seen in Figure 2(a). However, the original LDH particles displayed a flower-like morphology with some degree
of amorphous conglomeration in FE-SEM, as shown in Figure 2(b).
GO was produced by the exfoliation of graphite oxide,
while the graphite oxide was produced by the oxidative treatment of pristine graphite via modified Hummers method. Because of the hydrophilic nature of graphite oxide, it could be
easily delaminated in aqueous media [37]. As a result, after

a suitable ultrasonic treatment, such exfoliation can produce
stable dispersions of very thin graphene oxide sheets in water
[38,39]. From the TEM image in the inset of Figure 3(a), it
can be seen that GO nanosheets dispersed in water were thin
nanoplatelets, which exhibited a typical wrinkled morphology
of graphene oxide [40]. Figure 3 shows the XRD pattern of
“dry” GO and pristine graphite. The inter-sheet distance for
GO varies with the amount of absorbed water, with values
ranging from 0.61 to 0.63 nm reported for “dry” GO samples,
and complete drying of GO is probably impossible [41]. The
characteristic diffraction peak of exfoliated GO at 11.8o (002)
was observed with interlay space of 0.75 nm, which was consistent with previous reports [30,42,43]. The large interlayer
distance was attributed to the formation of carbonyl, carboxyl
and hydroxyl groups [43].

Figure 2. (a) HR-TEM image of delaminated Mg-Al-NO3 LDH, (b) FE-SEM of Mg-Al-NO3 LDH

Figure 3. (a) XRD patterns of “dry” GO, and inset shows its TEM image; (b) XRD pattern of pristine graphite

The zeta potentials of positively exfoliated Mg-Al-NO3
LDH nanosheet colloidal dispersion and negatively charged
GO dispersion were measured (Figure 4a and 4b), which
were +11.1 mV and –34.6 mV, respectively. This data sug-

gested that both of these two dispersions were stable and welldispersed. Due to the opposite charge of these two dispersions, Mg-Al-NO3 LDH-NS/GO nanocomposite was synthesized by electrostatic self-assembly of Mg-Al-NO3 LDH and
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GO nanosheets. Figure 4(c) indicates that sediment was immediately formed once the Mg-Al-NO3 LDH-NS dispersion
was added to the GO dispersion. The nanocomposite was easily obtained by separating with centrifugation. The negatively
charged GO was complementary to the positive charge of the
delaminated LDH sheets which was likely to contribute to the
stabilization of the growing nanocomposite. Chemical inter-
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actions between alkaline earth metal ions and GO have been
observed elsewhere [44], which may be particularly relevant
to heterogeneous nucleation effects. In any case, the ability
of GO to stabilize the adjacent delaminated LDH sheets must
depend on the relative charge density of the two single layered
materials [30].

Figure 4. (a) Zeta potential of Mg-Al-NO3 LDH-NS in formamide, (b) Zeta potential of GO in water, (c) Digital photographs of an aqueous dispersion of GO
(left), an aqueous dispersion of Mg-Al-NO3 LDH-NS (middle), and a mixture of Mg-Al-NO3 LDH-NS and GO (right)

3.2.
Preparation and characterization of LDH-NS/GO
nanocomposites
The obtained flocculent Mg-Al-NO3 LDH-NS/GO
nanocomposites were then thoroughly investigated using
XRD, FE-SEM, HR-TEM and FT-IR. Figure 5 indicates that
the XRD patterns of Mg-Al-NO3 LDH-NS/GO samples were
similar to that of LDH sample. The Mg-Al-NO3 LDH-NS/GO
nanocomposites displayed the characteristic reflections corresponding to 2D hydrotalcite materials, which can be indexed
accordingly. Also it is because that GO reflection at 11.8o
is indexed to the (002) plane [43]. The basal reflection of
LDH corresponding to (003) appeared at around the same 2θ
of 11.3o, overlapping with GO characteristic peak. Moreover, a series of well-developed (003) reflections were observed in low 2θ region for all the present Mg-Al-NO3 LDHNS/GO nanocomposites, indicating the formation of a layerby-layer ordered structure [45]. However, in high angle region, the (110) peak of the LDH phase was obviously observable for all the present nanocomposites, clearly demonstrating
the maintenance of the LDH nanoplates upon hybridization
with graphene nanosheets [46,47].
The nanocomposite structure, crystal shape and local
crystal structure of the as-prepared Mg-Al-NO3 LDH-NS/GO
nanocomposite was examined using TEM and SAED. As presented in Figure 6(a), it clearly showed a flower-like morphology that was composed of curved nanosheets. The formation
of Mg-Al-NO3 LDH-NS/GO nanocomposite was evidenced
by the SAED analysis, as shown in the inset of Figure 6(a).
A typical electron diffraction pattern of the hexagonal
LDH phase with two weak diffuse rings corresponding to the

Figure 5. XRD patterns of Mg-Al-NO3 LDH-NS/GO nanocomposite with
different volume ratios. (1) LDH, (2) 1 : 0.3, (3) 1 : 0.5, (4) 1 : 0.7, (5) 1 : 1,
(6) 1 : 5, (7) 1 : 10

graphene lattice was observed [46]. Figure 6(b) shows
the HR-TEM image, from which the Mg-Al-NO3 LDH
nanoplates could be clearly seen. Similar HR-TEM images
with Zn-Cr-LDH/GO nanocomposites have been reported by
Gunjakar et al. [46].
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Figure 6. (a) Plane view of TEM image and SAED pattern of Mg-Al-NO3 LDH-NS/GO nanocomposite, (b) Plane view of HRTEM images of Mg-Al-NO3
LDH-NS/GO nanocomposite

The morphology of the obtained Mg-Al-NO3 LDHNS/GO nanocomposite was also monitored by FE-SEM,
as illustrated in Figure 7. Based on the electrostatically
driven self-assembly between one-atom thick GO sheets and
Mg-Al-NO3 LDH-NS, the porous Mg-Al-NO3 LDH-NS/GO
nanocomposite was formed by cross-linked nanoflakes with a
house-of-cards-type stacking structure of the sheet-like crystallites, strongly suggesting the formation of a mesoporous
structure [45−48]. This observation indicates the advantage
of the self-assembly of 2D nanostructures in forming the
highly porous structure [45].

Figure 8. FT-IR spectra of Mg-Al-NO3 LDH (1) and Mg-Al-NO3 LDHNS/GO nanocomposites with different volume ratios of (2) 1 : 0.3, (3) 1 : 0.5,
(4) 1 : 0.7, (5) 1 : 1, (6) 1 : 5 and (7) 1 : 10

Figure 7. FE-SEM image of Mg-Al-NO3 LDH-NS/GO nanocomposite

In addition, the chemical bonding nature of GO
nanosheets in the as-prepared Mg-Al-NO3 LDH-NS/GO
nanocomposites was further probed using FT-IR spectroscopy.
The results are shown in Figure 8. The characteristic peaks
of LDH were observed for all the samples synthesized. The
–OH stretch in the brucite-like layer appeared at around 3460–
3480 cm−1 , the vibration of angular deformation of H2 O
molecules was seen at 1640 cm−1 , and the Al–O and Mg–O
vibrations were found at 584–655 cm−1 . Moreover, the peaks

at 1382 cm−1 and 839 cm−1 for Mg-Al-NO3 LDH were assigned to the vibrations of nitrate. There was an obvious decrease in the intensity of the 1640 cm−1 stretching vibration
peak in Mg-Al-NO3 LDH-NS/GO compared with that in MgAl-NO3 LDH because the solid LDH sheets were separated
from nitrate in the process of exfoliation, and the negatively
charged GO instead of nitrate hybridized with the positively
charged LDH sheets via electrostatic interactions [49]. And
all of the present Mg-Al-NO3 LDH-NS/GO composites displayed strong IR bands corresponding to the carbon-oxygen
bonds in the wavenumber region of 900–1800 cm−1 [50,51].
These bands were assigned as stretching vibrations of carbonate [47], confirming the incorporation of carbonate ions into
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the interlayer space of Mg-Al-NO3 LDH component upon the
self-assembly process [45].
3.3. CO2 capture performance of LDH-NS/GO nanocomposites
This type of Mg-Al-NO3 LDH-NS/GO nanocomposite is
believed to be very promising in many applications. For instance, Gunjakar et al. [45] prepared similar Zn-Cr-LDH/GO
nanocomposites as highly efficient photocatalysts. Herein, we
are interested in using it for CO2 capture which has never
been investigated. LDHs have been widely identified as the
most suitable CO2 adsorbents in the temperature range of
200−400 ◦ C for SEWGS process. Mg-Al-NO3 LDH and MgAl-NO3 LDH-NS/GO nanocomposites were firstly calcined
at 400 ◦ C for 5 h before each CO2 adsorption test. Then the
thermogravimetric sorption of CO2 on Mg-Al-NO3 LDH and
Mg-Al-NO3 LDH-NS/GO nanocomposites were measured at
200 ◦ C using a Q50 TGA analyzer. The CO2 adsorption ca-
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pacities of Mg-Al-NO3 LDH and Mg-Al-NO3 LDH-NS/GO
nanocomposites are list in Table 1. From which we can see
that Mg-Al-NO3 LDH-NS/GO nanocomposites had better adsorption capacities than that without GO. Moreover, Mg-AlNO3 LDH-NS/GO nanocomposite with 6.54 wt% GO showed
the maximum adsorption capacity, which is more than twice
larger than the pure Mg-Al-NO3 LDH. The enhancement in
adsorption capacity in the presence of GO can be attributed to
the LDH single sheets and their dispersion and stabilization
on the support [49]. With 6.54 wt% GO loading, the geometric and electrostatic compatibility between LDH single sheets
and GO single sheets appeared to favor the heterogeneous nucleation, dispersion, and stabilization [30].
Figure 9 shows the Langmuir SSA and the pore size distributions of both fresh and calcined samples. The Langmuir SSA of fresh Mg-Al-NO3 LDH-NS/GO nanocomposite (76.6 m2 /g) was smaller than fresh Mg-Al-NO3 LDH
(132.7 m2 /g). However, after calcination, the Langmuir SSA
of Mg-Al-NO3 LDH-NS/GO nanocomposite was increased

Figure 9. BET isotherms and corresponding pore size distributions of fresh Mg-AL-NO3 LDH (a), fresh Mg-Al-NO3 LDH-NS/GO nanocomposites
(V : V = 1 : 0.7) (b), calcined Mg-AL-NO3 LDH (c) and calcined Mg-Al-NO3 LDH-NS/GO nanocomposites (V : V = 1 : 0.7) (d)
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Table 1. Chemical composition and CO2 capture capacity of synthesized Mg-Al-NO3 LDH-NS/GO nanocomposites

Mg-Al-NO3 LDH-NS/GO (V /V )
LDH
1 : 10
1:5
1:1
1 : 0.7
1 : 0.5
1 : 0.3
0

GO content (wt%)
0
50.0
33.3
9.09
6.54
4.76
2.91
100

CO2 capture capacity (mmol/g)
0.24
0.16
0.30
0.38
0.47
0.42
0.32
0

CO2 capture capacity per mass of LDH (mmol/g)
0.24
0.31
0.45
0.42
0.51
0.44
0.32
−

GO, and LDH-NS/GO are shown in Figure 10. After being calcined, LDH-NS/GO transformed into amorphous-like
periclase MgO, which is similar to pure LDH. This indicates
that the layered structure was destroyed, leading to higher
specific surface area. Pure GO transferred into graphite after being calcined at 400 ◦ C, however graphite was not seen
in the calcined LHD-NS/GO nanocomposite, suggesting that
GO was highly dispersed in the sample as supporting substrate. Therefore, we investigated the effect of pre-calcination
temperature on the CO2 capture capacity of 6.54 wt% Mg-AlNO3 LDH-NS/GO nanocomposite, as shown in Figure 11(a).
At 300 ◦ C, the CO2 capture capacity was very low, only
ca. 0.24 mmol/g. At 400 ◦ C, the Mg-Al-NO3 LDH-NS/GO
nanocomposite reached its maximum CO2 capture capacity

Figure 10. XRD patterns of LDH, GO, and LDH-NS/GO after being calcined
at 400 ◦ C

from 76.6 m2 /g to 371.4 m2 /g, which was much larger than
the calcined LDH. Moreover, both the fresh and calcined composites exhibited Brunauer-Deming-Deming-Teller (BDDT)type I and IV shape of isotherms with an H3-type hysteresis loop in the IUPAC classification, which can be regarded
as an evidence for the presence of the open slit-shaped capillaries with very wide bodies and narrow short necks. This
type of isotherm is frequently observed for the mesoporous
stacking structure of sheet-like 2D crystallites [45]. The pore
size distribution of the nanocomposite was calculated using
the Barrett-Joyner-Halenda (BJH) method. As shown in Figure 9, both fresh and calcined composites possessed a relatively narrow distribution of pores with an average diameter of
36 to 42 nm, different from LDHs, confirming the formation
of regular mesoporous materials. The formation of mesopores
was attributable to the house-of-cards-type stacked structure
of nanocomposite crystallites [45], which agreed well with its
morphology observed in SEM and TEM analysis. It also well
explained why the Mg-Al-NO3 LDH-NS/GO nanocomposite
had good CO2 adsorption capacities.
It is well known that fresh LDH itself does not possess
any CO2 capture capacity. Upon thermal treatment, LDHs
gradually lose their interlayer water, and then dehydroxylate
and decarbonate to a large extent, leading to the formation
of a mixed metal oxide with a poorly defined 3D network
[52]. The resultant partly-amorphous solid possesses a high
surface area and high surface basicity, which is suitable for
CO2 adsorption [15]. The XRD patterns of calcined LDH,

Figure 11. (a) Effect of pretreatment temperature on CO2 adsorption capacity of Mg-Al-NO3 LDH-NS/GO nanocomposites (CO2 capture capacity was
tested at 200 ◦ C), (b) Effect of adsorption temperature on CO2 adsorption
capacity of Mg-Al-NO3 LDH-NS/GO nanocomposites
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of 0.47 mmol/g. When the calcination temperature was
500 ◦ C, the CO2 capture capacity started to decrease to as low
as ca. 0.37 mmol/g. The trend was the same as the LDH-CO3
reported by Gao et al. [53].
To integrate CO2 adsorbents into the SEWGS process, CO2 adsorption temperatures should lie in the temperature window of the WGS reaction, which is normally
200−400 ◦ C. Therefore, the CO2 adsorption capacity performance at different temperatures is of great interest. Because the pre-calcination temperature has a great effect on
the CO2 capture, as the results of above, we investigated the
effect of adsorption temperature ex situ calcination at 400 ◦ C
for 5 h, immediately followed by in situ calcination at 400 ◦ C
for 1 h. Figure 11(b) shows the CO2 capture capacity as a
function of adsorption temperature. The results implied the
maximum CO2 capture took place at 60 ◦ C (1.0 mmol/g) and
with the increase of adsorption temperature the adsorption
capacity decreased. It is indicated that LDH/GO nanocomposite showed good CO2 capture capacity in a wide temperature range. Thus, our data demonstrated that the Mg-AlNO3 LDH-NS/GO nanocomposite is a promising CO2 adsorbent, not only for the SEWGS process, but also for the postcombustion flue gases.
In addition to CO2 capture capacity, the continuous
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adsorption/desorption cycling stabilities of novel Mg-Al-NO3
LDH-NS/GO nanocomposite (V : V = 1 : 0.7) was also evaluated. Figure 12(a) shows the CO2 adsorption/desorption cycling test in a typical temperature swing adsorption (TSA)
process. The adsorption was performed at 200 ◦ C for 30 min
with pure CO2 , and the desorption was performed at 400 ◦ C
for 30 min with pure N2 . The adsorption capacity gradually
dropped for the first seven cycles and became stable from the
eighth cycle. From Figure 12(b), it can be seen that the adsorption capacity of the nanocomposite was still much higher
than that of pure Mg-Al-NO3 LDH after 22 cycles. This result emphasized the potential of Mg-Al-NO3 LDH-NS/GO
nanocomposite containing low amounts of GO for CO2 capture processes.
3.4. Promoting ef fect of K 2 CO3 doping
It is well known that the CO2 sorption capacity of LDHs
can be enhanced by doping with K2 CO3 . K2 CO3 presumably
increases the basicity of sorbents, which is favorable for the
sorption of acidic CO2 [10]. Therefore, in this work, K2 CO3
promoted Mg-Al-NO3 LDH-NS/GO nanocomposite has also
been investigated. A series of samples with various K2 CO3
loadings of 5, 10, 15, 18 and 20 wt% were prepared using
incipient wetness impregnation (IWI) method. Before doping
with K2 CO3 , the sample was firstly calcined at 400 ◦ C for 5 h.
Next, the K2 CO3 solution was dropped into the calcined sample with constantly milling. The mixture was dried at 60 ◦ C
in an oven, and re-calcined at 400 ◦ C for 5 h before CO2 capture tests. The results indicated that the CO2 capture capacity
was increased with the increase of K2 CO3 loading from 5 to
15 wt%. The highest CO2 capture capacity of ca. 0.6 mmol/g
was obtained with 15 wt% K2 CO3 (Figure 13). While the
CO2 capture capacity started to drop with a further increase
of K2 CO3 loading to 20 wt%, which might due to the pore
blockage by excessive K2 CO3 .

Figure 13. CO2 capture capacity of Mg-Al LDH & GO nanocomposites with
different K2 CO3 loadings

Figure 12. (a) CO2 adsorption/desorption cycling test for Mg-Al-NO3 LDHNS/GO nanocomposite, (b) calculated CO2 capture capacity of Mg-Al-NO3
LDH-NS/GO nanocomposite in adsorption/desorption cycling tests

4. Conclusions
The synthesis of Mg-Al-NO3 LDH-NS/GO nanocompos-
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ite via electrostatic self-assembly from exfoliated LDH and
GO nanosheet dispersions as a novel high-temperature CO2
adsorbent was reported for the first time. Mg-Al-NO3 was delaminated into single nanosheets in formamide and the GO
was obtained by the exfoliation of graphite oxide in water
through ultra-sonication. The obtained Mg-Al-NO3 LDHNS/GO nanocomposites were thoroughly characterized using
XRD, SEM, HR-TEM, FT-IR and TGA. The result indicated
that GO with high surface area can support the LDH single
sheet, improving the dispersion of LDH. Then a series of
Mg-Al-NO3 LDH-NS/GO nanocomposites with different GO
loadings from 2.9 to 50.0 wt% were prepared for CO2 capture.
The Mg-Al-NO3 LDH-NS/GO nanocomposite with 6.54 wt%
GO showed the maximum adsorption capacity, which is more
than twice larger than the pure LDH. The enhancement in adsorption capacity in the presence of GO can be attributed to
the LDH single sheets and their dispersion and stabilization
on the support. The optimal calcination temperature for the
nanocomposite was determined to be 400 ◦ C, which is similar to the pristine LDH. CO2 capture tests indicated that MgAl-NO3 LDH-NS/GO nanocomposite had good CO2 capture
capacity in a wide temperature range, which suggested that it
is a promising CO2 adsorbent not only for the SEWGS process but also for the post-combustion flue gases. The MgAl-NO3 LDH-NS/GO nanocomposite also showed good CO2
adsorption/desorption cycling tests during 22 cycles. The CO2
capture capacity can be further increased by doping 15 wt%
K2 CO3 . In this contribution, we demonstrated a promising approach for the preparation of highly dispersed LDHsbased CO2 adsorbents, through the exfoliation of LDHs and
subsequent electrostatic self-assembly with other negatively
charged nanosized layered materials, which is expected to increase its CO2 capture capacity and mechanical property.
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