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A series of Mg-Al hydrotalcites (HTs) with lateral platelet sizes ranging from 40 nm to 2 µm were prepared
hydrothermally. Small HT platelets (∼20 nm) were obtained by deposition onto a carbon nanofiber (CNF)
support. The CO2 sorption capacity at 523 K for the activated unsupported HT was low (∼0.1 mmol ·g-1),
regardless of the platelet size of the HT precursor. In addition, no relation was found between the CO2 sorption
properties of activated HTs and their specific surface area. The sorption capacity of the activated CNF-
supported HTs was increased, depending on the HT loading, by an order of magnitude (1.3-2.5 mmol ·gHT

-1)
compared to that of the activated unsupported HT. We propose that the CO2 sorption capacities of HTs are
determined by the amounts of low-coordination oxygen sites in the Mg(Al)Ox nanoparticles, which is highest
on supported HTs.

1. Introduction

Carbon capture and storage (CCS) is an option to decrease
the vast amounts of CO2 (28 Gt in 20051) released into the
atmosphere through fossil fuel utilization.2 CO2 capture can be
divided in two classes. The first of theses is end-of-pipe capture,
for example, at power plants; this is the so-called postcombus-
tion capture. Alternatively, CO2 affiliated with the production
of hydrogen, for example, through the water-gas shift reaction
(WGSR: CO + H2OT CO2 + H2) can be captured, preventing
the release of CO2 and driving the equilibrium of the reaction
to the hydrogen side; this is one of the options for precombustion
capture. For postcombustion capture, the amines used com-
mercially are corrosive, so special reactor materials are needed.3

Alternatives based on solid sorbents involve modified SBA154-6

and MCM41 amines,4,5 metal-organic frameworks (MOFs),7-10

and zeolitic imidazolate frameworks (ZIFs).11,12 For precom-
bustion capture, high temperatures (>250 °C) are required. Most
of the studied materials, such as lithium zirconates,13-16 sodium
zirconates,17,18 CaO,19-21 basic alumina,22 and carbon-based
adsorbents,23-25 do not meet the required properties with respect
to sorption capacities, kinetics, and mechanical strength. Optimal
sorbents for precombustion use should display properties such
as selectivity toward CO2, a high adsorption capacity at high
temperatures (>523 K), adequate adsorption and desorption
kinetics at operating conditions (facile regeneration), long-term
stability upon cyclic use, adequate mechanical strength, and low
costs. A number of solid basic oxides, especially hydrotalcites,
are promising as reusable sorbent.26-29 Hydrotalcites (HTs)
belong to the class of anionic clay minerals also known as
layered double hydroxides. The structure of HTs closely
resembles that of brucite, Mg(OH)2, where Mg2+ is octahedrally
coordinated by hydroxyl groups. These octahedra share adjacent
edges to form sheets or layers. In HTs, some of the Mg2+ ions
are replaced by Al3+ ions. This results in positively charged
layers, which are balanced by charge-compensating anions (e.g.,
Cl-, Br-, CO3

2-, I-, NO3
-, OH-, SO4

2-) located in the interlayer
region, where hydrating water molecules are also accom-
modated. HTs have received considerable attention in recent
years because of their wide range of applications, such as base

catalysts,30-34 ion exchangers,35,36 polymer stabilizers, and drug
targets.37 The edges, and thus the lateral dimensions of the HTs,
have a significant influence on their catalytic behavior.30,32,38

Previous work from our group30 showed an increase in activity
in base catalysis with decreasing platelet size for activated HTs
(self-condensation of acetone). It was concluded that only the
basic sites at the edges of the hydrotalcite platelets were involved
in this low-temperature reaction (273 K). In this work, we report
on the structure-activity relationship of the Mg-Al hydrotalcite
platelet size before activation and the textural properties of the
activated materials with their CO2 capture properties. The
samples were characterized using X-ray diffraction (XRD),
scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and nitrogen physisorption.

2. Experimental Section

2.1. Preparation of Unsupported Hydrotalcites. To an
aqueous solution (150 mL) containing 0.7 mol of NaOH and
0.09 mol of Na2CO3 was added dropwise an aqueous solution
(70 mL) of 0.1 mol of Mg(NO3)2 ·6H2O and 0.05 mol of
Al(NO3)3 ·9H2O. The resulting white suspension was aged at
298 K for 24 h under vigorous stirring. Subsequently, the
suspension was filtered and washed extensively with deminer-
alized water. The sample, further denoted as HT298, was dried
for 24 h at 393 K. To increase the crystallite size of the HT,
the aging was also performed at 313, 333, and 353 K. These
as-synthesized samples are further denoted as HT313, HT333, and
HT353. Aging at higher temperatures (i.e., 373, 393, 413, and
433 K) was performed in an autoclave. The synthesis mixture
of NaOH, Na2CO3, Mg(NO3)2 ·6H2O, and Al(NO3)3 ·9H2O as
described above was first stirred for 1 h at room temperature.
Next, the precipitate was poured into a Teflon holder, which
was placed into a stainless steel rotating autoclave, where the
sample was aged for 16 h at the desired temperature. Subse-
quently, the suspension was filtered, washed extensively with
demineralized water, and dried for 24 h at 393 K. These as-
synthesized samples are further denoted as HT373, HT393, HT413,
and HT433.

Preparation of Hydrotalcites Using the Urea Procedure.39

An aqueous solution (150 mL) of 0.1 mol of Mg(NO3)2 ·6H2O,
0.05 mol of Al(NO3)3 ·9H2O, and 0.75 mol of urea was
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vigorously stirred and heated at 363 K and kept at this
temperature for 24 h. The pH increased from 3.0 to ∼9.0 at the
end of the reaction. The resulting white suspension was filtered,
washed extensively with demineralized water, and dried at 393
K for 24 h. This as-synthesized sample is further denoted as
HTurea.

2.2. Preparation of Supported Hydrotalcites. Carbon
Nanofiber Growth. A silica-supported nickel catalyst with a
metal loading of 20 wt % was prepared by deposition precipita-
tion using the hydrolysis of urea at 363 K.40 Silica (8.5 g), nickel
nitrate (10.6 g), and urea (7.9 g) were suspended in 1 L of
demineralized water and vigorously stirred. The reaction mixture
was heated at 363 K and kept at this temperature for 16 h. The
resulting green suspension was filtered, washed extensively with
demineralized water, and dried at 393 K for 24 h. A sieve
fraction of 425-850 µm of the catalyst precursor was calcined
in static air at 873 K (5 K ·min-1) for 3 h. Next, the Ni catalyst
precursor (5.0 g) was reduced in situ at 973 K in a fixed-bed
reactor for 2 h in a 30% H2/N2 flow (800 mL ·min-1). After the
temperature had been decreased to 823 K, synthesis gas (33%
CO/13% H2) balanced with N2 was passed through the reactor
for 24 h at a pressure of 2 bar in a total flow of 800 mL ·min-1.
Removal of the growth catalyst and oxidation of the carbon
nanofiber (CNF) was performed as reported in the literature41,42

using subsequent treatments in aqueous 1 M KOH and
concentrated HNO3.

CNF-Supported Hydrotalcites. To prepare supported Mg-Al
hydrotalcites [Mg/Al ) 2, (at/at)], 5.0 g of CNF was impreg-
nated in a 250-mL round-bottom flask with a solution containing
3.3 mL of Mg(NO3)2 (1.4 M) and Al(NO3)3 (0.7 M). After this
mixture had been dried for 1 h at 393 K, a solution of 3.0 mL
NaOH (8.3 M) and Na2CO3 (0.56 M) was added. Aging was
performed in a water-saturated atmosphere under a nitrogen flow
(7 mL ·min-1) for 16 h at 333 K and was followed by extensive
washing with demineralized water and drying at 393 K for 24 h.
This as-synthesized sample is denoted as HT10-CNF, with the
number 10 referring to the weight loading (%) of HT deposited
on CNF. The reported nominal weight loadings are close to the
actual loadings, as reported earlier.32 A second sample was
prepared as described above with a solution containing 3.3 mL
of Mg(NO3)2 (0.7 M) and Al(NO3)3 (0.35 M). This as-syn-
thesized sample is denoted as HT5-CNF. A third sample was
prepared as described above. After that, the synthesis procedure
was repeated once. This as-synthesized sample is denoted as
HT18-CNF. General supported samples will be referred to as
HT-CNF.

2.3. Characterization. Powder X-ray diffraction (XRD)
patterns were measured using a Bruker-AXS D8 advance
powder diffraction apparatus equipped with an automatic
divergence slit (filtered Co KR radiation, λ ) 1.79026 Å). N2

physisorption measurements were performed using a Micromer-
itics Tristar 3000 analyzer after the samples had been dried at
393 K in a vacuum for at least 20 h prior to the measurements;
pore volume was measured at at P/P0 ) 0.995. CO2-loaded
samples (HTact-CO2

) for nitrogen physisorption were cooled to
room temperature after the adsorption step (vide infra). SEM
micrographs were obtained using a Philips XL30FEG electron
microscope equipped with an energy-dispersive X-ray (EDX)
detector for elemental analysis. TEM micrographs were obtained
with an FEI Technai 20 FEG instrument equipped with an EDX
detector operating at 200 kV. TEM samples were dispersed on
a holey carbon film supported on a copper grid. A Branson
450-W Sonifier was used for ultrasonic treatment for 1 h at
323 K.

2.4. CO2 Sorption Measurements. CO2 sorption measure-
ments were performed in a quartz plug-flow reactor with an
inner diameter of 12 mm. The gas flows (N2, CO2) were passed
in downflow mode through the reactor and controlled by mass
flow controllers (Brooks 5850s). The total pressure in the setup
was maintained at 1.10 bar, using a backpressure controller
(Brooks 5866). A tubular oven was placed around the reactor
to control the process temperature. The reactor was loaded with
2.0 g of sample (bed height ) 35 mm) using a sieve fraction
with particle sizes of 212-500 µm. For HT-CNF, the reactor
was loaded with 5 g of sample (bed height ) 85 mm), which
contained 0.25, 0.5, or 1.0 g of HT. All samples were activated
by heating in N2 (30 mL ·min-1) at 773 K (5 K ·min-1) for 1 h
to remove CO2 and water from the starting material (HTact,
activation step). The activated samples are denoted as HTT-act

and HTact-CNF, where T is the synthesis temperature in Kelvin
and act refers to the activation step. After activation, all samples
were subjected to at least two identical adsorption (523 K) and
desorption (773 K) cycles to assess reproducibility. Conditions
for the adsorption and desorption steps are given in Table 1.
The total flow throughout all experiments was 30 mL ·min-1.
N2 was humidified with CO2-free water using a saturator set at
331 K. All adsorption experiments were performed for 30 min
in 5% CO2. After adsorption, the system was flushed with N2.
Desorption was performed by heat treatment in dry nitrogen
(30 mL ·min-1) at 773 K (5 K ·min-1) for 1 h. To prevent
gasification of the CNF support material at higher temperatures
in steam, dry nitrogen was used during desorption in all
measurements to obtain comparable results between HTT-act and
HTact-CNF samples. Blank measurements were performed with
either a nonadsorbing material (SiC) or CNF, with the same
particle size range and bed volume as the HT-containing
material. There was no CO2 adsorption by the supports. The
effluent gas was analyzed by online FT-IR spectroscopy using
a Midac corporation 2000 M series instrument. For each
spectrum, eight scans were accumulated with a resolution of 4
cm-1; spectra were recorded every 13 s. The IR cell, made of
stainless steel, had a path length of 2 mm and contained CaF2

windows. The sample compartment was continuously purged
with a stream of dry N2 to prevent interference of CO2 present
in the atmosphere. A background spectrum using an empty cell
was acquired prior to sorption measurements. The integrated
area from 2280 to 2390 cm-1 was used to quantify the amount
of CO2 in the gas phase. A CO2 concentration above 100 ppm
is defined as breakthrough. From the breakthrough time and
the flow and concentration, the amount of CO2 was calculated.

3. Results and Discussion

3.1. Characterization of Materials. To establish the crystal-
lographic ordering and purity of the as-synthesized HT samples,
XRD analysis was performed. Figure 1 shows selected XRD
patterns of unsupported as-synthesized HTs (HT298, HT333,
HT373, HT433, and HTurea). The signals at 2θ ≈ 13.5°, 27.6°,
and 40.0°, corresponding to the (003), (006), and (009/012)
crystal planes, respectively, indicate well-formed crystalline
layered structures. In addition, at high synthesis temperatures,

Table 1. Experimental Conditions for Sorption Measurements with
2 g of HTT-act or 5 g of HTact-CNF

flow
(mL ·min-1) composition temp (K)

activation 30 100% N2 323-773 (5 K ·min-1, 1 h)
adsorption 30 83% N2/12%

H2O/5% CO2

523 (max 30 min)

desorption 30 100% N2 523-773 (5 K ·min-1, 1 h)
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signals were detected close to the (003) and (006) signals (11.3°
and 24.6°), which can be ascribed to diffractions caused by K�
radiation. For all samples except HTurea, the signals were
representative of HTs with interlayer carbonate. In contrast,
HTurea showed signals at 62.9° and 67.1° that are characteristic
for a sample with hydroxylic ions (OH-) in the interlayer.43

Because the decomposition of urea takes place at relatively low
pH (pH ∼6), the (bi)carbonate concentration in the solution will
be low, and hydroxyl ions (OH-) in the interlayer are favored.
To summarize, only crystalline hydrotalcites were detected by
XRD, indicating the high purity of all samples. The selected
XRD pattern of the supported hydrotalcite (HT10-CNF) is
compared to those of HT333 and to pure CNF in Figure 2. In
the supported sample, diffraction lines due to the presence of
HT, as indicated by the arrows, can be distinguished next to
the strong lines of the CNF support. From this figure, it is clear
that the diffraction lines of hydrotalcite in the supported sample
are broader than those of unsupported HT, which implies that
the HT crystallites on the supported sample (HT10-CNF) are
smaller and/or less ordered.44 In addition, the intensity of the
signals for supported HT is much smaller than that for the
unsupported HT sample, after identical counting times, as a
result of the small HT platelets31 and/or lower amount of HT
present.

The particle size and morphology of unsupported HT samples
were analyzed by SEM, whereas the supported HTs were
analyzed by TEM. Figure 3 shows SEM micrographs of selected
hydrotalcites (HT313, HT373, HT473, and HTurea). Samples pre-

pared using NaOH/Na2CO3 as a base (Figure 3A-C) showed
regular hexagonally shaped HT platelets. The micrographs
highlight the difference in lateral platelet size due to the aging
temperature, with an increase in size occurring with increasing
temperature. When urea was used as the precipitant, very large
HT platelets (2 µm, Figure 3D) were obtained, in line with
literature reports.39,45 Figure 4 shows selected bright- and dark-
field TEM micrographs of HT10-CNF. In bright-field mode, HTs
are difficult to distinguish from carbon, because of a similarity
in density. In dark-field mode (i.e., diffraction contrast imaging),
the small HT crystallites were easier to observe (Figure 4). The
dark-field micrographs revealed more HTs than could be
detected in bright-field mode. For clarity, the arrows in Figure
4A indicate some of the HT platelets.

An overview of the average lateral platelet sizes as a function
of the aging temperature, based on SEM and TEM measure-
ments to determine the platelet sizes of 30 individual HT
platelets, is shown in Figure 5. Clearly, unsupported as-
synthesized HT samples showed an increase in lateral platelet
size with increasing synthesis temperature. The average crystal-
line platelets increased from 35 nm (HT298) to 300 nm (HT433).
HTurea had the largest lateral platelet size (2 µm), whereas
supported hydrotalcites displayed the smallest crystalline plate-
lets (∼20 nm). In conclusion, the HT platelets were tuned from
20 nm to 2 µm, and all HT precursor samples showed good
crystallinity.

3.2. CO2 Adsorption and Desorption Kinetics. Prior to
sorption measurements, all samples were activated at 773 K in
N2. Representative breakthrough curves for CO2 adsorption at
523 K on these activated HTs are shown in Figure 6a. Note
that, after activation, the hydrotalcite material still retained its
mesoscopic shape (i.e., the platelets were still present), but XRD

Figure 1. Selected XRD profiles of as-synthesized HT298, HT333, HT373,
HT433, and HTurea.

Figure 2. XRD profiles of as-synthesized HT333, CNF, and HT10-CNF.
Arrows indicate HT peaks.

Figure 3. SEM micrographs of (A) HT313, (B) HT373, (C) HT433, (D) HTurea.

Figure 4. TEM micrographs of HT10-CNF in (A) bright field (arrows
indicate HT platelets) and (B) dark field (small HT crystallites are visible).
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revealed broad Mg(Al)Ox diffractions. The activated samples
are denoted as HTact and HTact-CNF, where the subscript “act”
denotes the activated material [Mg(Al)Ox] after heat treatment.
All activated unsupported HTs showed, within experimental
error, the same breakthrough times, which corresponded to a
CO2 capacity of approximately 0.1 mmol ·g-1, irrespective of
the original platelet size. For the supported activated HTs, the
breakthrough times were significantly longer (Figure 6a). Even
though these samples contained only 5, 10, and 18 wt % HT,
breakthrough times were 10.1 min for HT5-act-CNF, 9.5 min for
HT10-act-CNF (shown), and 13.0 min for HT18-act-CNF, which
correspond to capacities of 2.5, 1.3, and 1.7 mmol ·gHT

-1, that
is, an order of magnitude higher compared to those for the
activated unsupported HTs. A selected number of desorption

profiles are shown in Figure 6b. Under these dry conditions,
all activated unsupported HTs exhibited similar desorption
characteristics. Desorption of the activated supported sample
started at a higher temperature compared to that of the activated
unsupported HT, and the first desorption maximum of HT10-act-
CNF occurred at 580 K. These details point to stronger bonding
of adsorbed CO2. The high-temperature desorption peak (773 K)
is more pronounced with HT-CNF, which is more likely related
to absorption. Note that the presence of steam during desorption
will most likely negatively affect the cycle stability of the CNF-
supported materials.

Figure 7 summarizes the adsorption capacity at 532 K of all
samples as a function of their original HT platelet size.
Unsupported hydrotalcites (platelet size between 30 nm and 2
µm) evidently all have an invariant adsorption capacity (∼0.1
mmol ·g-1). Lemonidou et al.20 also reported that the CO2

capacity did not depend on size for CaO-based materials.
However, their materials had sizes in the range of 1-10 µm,
whereas our precursor samples had sizes from 35 nm to 2 µm.
Surprisingly, the supported HT samples with a platelet size of
∼20 nm had much higher capacities, depending on the HT
loading, of 1.3-2.5 mmol ·gHT

-1. Figure 8 shows the CO2

sorption capacities of HT333-act and HT10-act-CNF as a function
of the number of adsorption-desorption cycles. Clearly, the
materials showed stable behavior.

Figure 5. Effect of average platelet size on crystallization temperature of
as-synthesized HTs.

Figure 6. (a) Representative breakthrough curves of activated HTs (2 g)
and activated HT10-CNF (5 g) (flow: 25 mL ·min-1 N2, 3.5 mL ·min-1 H2O,
and 1.5 mL ·min-1 CO2 at 523 K). (b) Selected representative desorption
profiles of activated HTs and activated HT10-CNF (flow: 30 mL ·min-1 N2,
523-773 K, 1 h).

Figure 7. CO2 capacities at 523 K of all activated (supported) HTs and
their laterals sizes. The supported samples have a 10-25-fold higher
capacities than the unsupported samples.

Figure 8. CO2 capacity as function of adsorption-desorption cycles for
two selected samples: unsupported HT333-act (() and HT10-act-CNF (9).
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Because no relation could be found between platelet size and
capacity, we investigated whether CO2 capture properties of the
HTs were related to their textural properties, especially after
activation (Table 2). In Table 2, some physicochemical proper-
ties of the unsupported HTs are listed. Micropores were not, or
were hardly, present in the samples. The surface area of the
as-synthesized HTs (HTas) varied from 15 to 100 m2 ·g-1 and
decreased with increasing platelet size (i.e., with increasing aging
temperature), which is in good agreement with the literature.46

Activation (meaning heat treatment in N2 at 773 K; see section
2.3) of the HTs (HTact) resulted in an increase in surface area
and pore volume. To investigate how the textural properties of
activated HTs changed after CO2 loading, nitrogen physisorption
experiments were also performed on the CO2-loaded samples
(Table 2, HTact-CO2

; see 2.4). All loaded samples showed a
decrease in pore volume compared to that of activated HT, with
the exception of HT373-act-CO2

. After CO2 loading, the surface
areas of samples HT298, HT333, HT373, and HT433 were in a
similar range (117-129 m2 ·g-1), whereas the surface areas of
the other loaded samples (HT313, HT353, HT393, HT413, and
HTurea) varied significantly. Moreover, after being loaded with
CO2, five samples decreased in surface area (HT298, HT353,
HT393, HT433, and HTurea), whereas the other four samples (HT313,
HT333, HT373, and HT413) exhibited an increase in surface area.
Thus, both the activated HTs and the CO2-loaded samples
showed nonsystematic variations of surface area and pore
volume. These results indicate that there is no relation between
CO2 capacity and textural properties, which is in agreement with
the results of Kim and co-workers.47 The pore volumes and
surface areas of the CNF-supported HTs were significantly lower
than the corresponding values for CNF, which indicates a partial
filling of the pores with HT (Table 2, bottom). The surface areas
and pore volumes of activated supported HTs were slightly
higher than those of their precursors.

As discussed above, the CO2 sorption capacity of activated
unsupported HTs was found to be invariant with the surface
area. Therefore, the coverage of CO2 per square nanometer must
increase with decreasing surface area (see Figure 9). Now, we
attempt to explain this observation. For MgO, which has a
structure similar to that of the activated HTs, the sites for CO2

adsorption are expected to associate with low-coordinated
O2--Mg2+ sites.48-58 In other words, the C of CO2 adsorbs on
low-coordinated oxygen (oxygen surrounded by fewer than five
atoms). We propose that the active sites for CO2 adsorption on
activated HTs are also associated with O2--Mg2+ sites (MgO
+ CO2TMgCO3). During CO2 sorption, the acidic CO2 reacts
with basic O2- sites depending on their coordination. Oxygen
atoms located at edges and corners of the crystal planes have

stronger basicity than oxygen atoms in basal planes. Therefore,
the energy level of surface oxygen increases with decreasing
coordination number. The interactions are assumed to be mainly
of the highest occupied molecular orbital (HOMO)-lowest
unoccupied molecular orbital (LUMO) type.53 Consequently,
the HOMO-LUMO energy gap between O2- and CO2 is
reduced on corners and edges (under coordination of oxygen),
and thus, charge transfer from O2- to CO2 will occur. Therefore,
the interaction from an edge or corner O2- anion with a CO2

molecule can lead to surface carbonate species.59,60 For MgO
surfaces, Pettersson et al.59,60 calculated energetically favorable
interactions with CO2. They concluded that, on a regular
unperturbed MgO(100) surface, no CO2 adsorption occurs.
However, three- and four-coordinated O2- edges and corners
(O3c, O4c) showed a reduction in the HOMO-LUMO energy
gap. Consequently, adsorption with CO2 on an edge or corner
is more likely to occur (Figure 10), which illustrates our
proposal. As a result of these findings, we propose that the
amounts of low-coordinated oxygen in our activated unsupported
samples are identical on a weight basis for all samples. After
activation, the samples lose their original crystalline platelet
structure and are all Mg(Al)Ox-like, although the platelet shapes
of the HTs, as visualized by SEM, remain. Apparently, larger
Mg(Al)Ox particles contain more surface defects per unit surface
area and, consequently, higher coverages of CO2 (Figure 10).
We propose that the high increase in CO2 capacities of the
activated supported HTs is based on a greater number of defects
on the small Mg(Al)Ox crystals. The individual crystals are
anchored on the CNF and thus have less flexibility, which might
contribute to more defects and low-coordinated oxygen. In other

Table 2. Physicochemical Properties of the Hydrotalcites HTas,
HTact, and HTact-CO2

HTas HTact HTact-CO2

sample
SBET

(m2 ·g-1)
Vtot

(cm3 ·g-1)
SBET

(m2 ·g-1)
Vtot

(cm3 ·g-1)
SBET

(m2 ·g-1)
Vtot

(cm3 ·g-1)

HT298 100 0.6 262 0.86 126 0.27
HT313 93 0.67 125 0.74 216 0.57
HT333 53 0.35 68 0.46 117 0.41
HT353 47 0.4 83 0.45 50 0.44
HT373 24 0.11 68 0.16 127 0.44
HT393 21 0.09 209 0.22 23 0.14
HT413 19 0.07 157 0.17 172 0.18
HT433 15 0.07 183 0.17 139 0.2
HTurea 32 0.1 245 0.26 72 0.2
HT333-us 211 0.77
CNF 155 0.34
HT5-CNF 107 0.29 124 0.31 - -
HT10-CNF 97 0.19 114 0.22 110 0.23
HT18-CNF 98 0.18 105 0.20 - - Figure 9. Effect of surface area on activated unsupported HTs: coverage

of CO2 increases with decreasing surface area.

Figure 10. Corners and edges are important for CO2 adsorption.
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words, more adsorption sites are formed in the activated
supported HTs [Mg(Al)Ox] upon heat treatment, as result of
the limited mobility. Apparently, for unsupported materials, the
total numbers of adsorption sites in the reactor are similar for
all samples, because the adsorption capacity is the same for all
samples (Figure 6a). We speculate that the number of defects
per surface area is larger for larger particles (i.e., those formed
from larger HT platelets) than for the smaller particles, probably
as a result of a more difficult annealing (i.e., lower mobility of
ions) in larger particles during activation. Additional evidence
for the role of low-coordination sites comes from the use of an
unsupported ultrasonic-treated HT sample (data not shown).
Sonication is expected to create defects on the surface/edges of
the HT.61,62 Indeed, the capacity of a sonicated sample increased
to 0.2 mmol ·g-1 as compared to the 0.1 mmol ·g-1 for a regular
sample. Unfortunately, after the first cycle, the capacity of the
sonicated sample dropped to the original value of the regular
HTs.

4. Conclusions

In this article, we have presented a study of CO2 sorption
measurements at 523 K on Mg-Al hydrotalcites with lateral
platelet sizes from 20 nm to 2 µm. Unsupported hydrotalcites
showed an invariant and low capacity as a function of platelet
size. An increase by a factor 10-25 in HT-weight-based
capacities was accomplished by supporting the HTs on CNF.
Nitrogen physisorption measurements showed no dependence
of CO2 capacity and specific surface area for the unsupported
HT. Currently, we tentatively relate the higher capacity of the
activated supported samples to a higher density of low-
coordination oxygen (edges and corners) in the Mg(Al)Ox-phase
crystal interacting with the CNF surface.
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