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a b s t r a c t

The stearate anions intercalated Ni–Al hydrotalcite-like compounds were prepared by a coprecipitation
method coupled with the microwave-hydrothermal treatment. Their structures were characterized using
FT-IR, XRD, contact angle, SEM, TEM and thermal analysis. The XRD results indicate that the interlayer
anions of the microwave radiation samples have better order and stronger electrostatic interactions
with hydroxyl layers than those of the conventional aging 12 h samples, the crystallinity of stearate
anions intercalated Ni–Al hydrotalcite-like compounds can be rapidly enhanced in a short period of
microwave treatment, and the stearate anions arrange in the form of a monolayer in the interlayer
icrowave radiation
hermal stability
-ray diffraction

space for all samples. The morphology analysis results show that all samples consist of irregular and
very thin platelets, while the crystals size of microwave treated samples was obviously smaller than
that of the conventional aged samples. Based on the contact angle results, the surfaces of all samples
show the hydrophobic property. This is due to the intercalation of stearate anions. The thermal analysis
results point out that the sample obtained from microwave radiation 60 min possesses the best thermal

esis m
lated
stability. The rapid synth
anionic surfactant interca

. Introduction

Hydrotalcite-like compounds (HTLcs), which are referred to as
ayered double hydroxides (LDHs) or anionic clays, are a large class
f inorganic materials. The general formula of HTLc is written as
2+
1−xM3+

x (OH)2]x+[An−]x/n · mH2O, where M2+ and M3+ are diva-
ent and trivalent cations that occupy octahedral positions in the
ydroxide layers, An− is an interlayer anion and x is defined as
he M3+/(M2+ + M3+) molar ratio. The nature of layer metal ions
an be changed in a wide possible selection range and the inter-
ayer anion can be also chosen among inorganic or organic species.
herefore, HTLc have been extensively studied as catalysts, anionic
xchangers, sorbents, additives, corrosion resistance film and pre-
ursor [1–8]. Especially in recent years, in order to improve the
ompatibility between polymers matrix and inorganic HTLc, the
nionic surfactants modified-HTLc nanocomposites have attracted
uch interest of researchers [9–11]. It is worth emphasizing that
he nano-scale anionic surfactants modified-HTLc can dramati-
ally enhance mechanical performance, thermal stability and flame
etardance of polymer/HTLc composites in comparison with the
onventional polymer/inorganic composites with micro-scale and
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ethod explored in this paper is a promising method for studying other
HTLc.

© 2010 Elsevier B.V. All rights reserved.

without organically modified fillers [12–14]. Therefore, the prepa-
ration of the anionic surfactants modified-HTLc with a good degree
of crystallinity and high efficiency is crucial to the practical appli-
cation.

In general, to obtain well-crystallized samples, most of the
anionic surfactants modified-HTLc composites are synthesized
by the coprecipitation with hydrothermal aging and the anion
exchange techniques, and the reaction time needs from several
hours to a few days [15–19]. It is well known, however, that the pro-
longed reaction time leads to the increase of crystal sizes. In recent
years, the microwave technique has been considered to overcome
the above shortcomings [20,21]. The important characteristic of
microwave heating is its volumetric effect which results in a much
more uniform distribution of heat [22–24]. Microwave heating is
the transfer of electromagnetic energy to thermal energy and is
energy conversion, rather than heat transfer [25–27]. Therefore, it
permits to achieve rapid and uniform heating of materials. Nowa-
days, the microwave technique has been applied to the synthesis
of modified-HTLc and unmodified-HTLc compounds [28–30]. How-
ever, the synthesis study on the stearate anions intercalated Ni–Al

HTLc nanocomposite under the microwave radiation treatment can
seldom be found in the literature.

This paper aims to explore a rapid synthesis method based
on the microwave radiation crystallization, for obtaining the
stearate anions intercalated Ni–Al HTLc samples. The influence of

dx.doi.org/10.1016/j.jallcom.2010.08.080
http://www.sciencedirect.com/science/journal/09258388
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Table 1
Chemical formulae, d003, d006, cell parameters (a, c), particle size (D), �d and Gap for all intercalated samples.

Sample Chemical formulae d003 (nm) d006 (nm) a (nm) c (nm) �d (Å)a Gap (Å)b D003 (nm)

HT12h Ni2.73Al(OH)7.86(C18H35O2)0.45(CO3)0.07(H2O)2.50 3.740 1.512 0.302 10.15 32.60 6.32 12.78
HTN12h Ni2.97Al(OH)8.58(C18H35O2)0.76(CO3)0.06(H2O)2.94 3.269 1.506 0.302 9.422 27.89 1.61 13.81
MWN10m Ni2.83Al(OH)8.11(C18H35O2)0.44(CO3)0.06(H2O)5.56 3.199 1.504 0.302 9.311 27.19 0.91 9.81
MWN30m Ni2.93Al(OH)8.11(C18H35O2)0.65(CO3)0.05(H2O)3.18 3.197 1.500 0.302 9.296 27.17 0.89 10.49
MWN60m Ni Al(OH) (C H O ) (CO ) (H O) 3.152 1.496 0.302 9.216 26.72 0.44 15.66
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of interlayer water molecules in the intercalated samples [32]. This
characteristic band of MWN10m is relative intense. It indicates that
MWN10m contains the more interlayer water than other interca-
lated sample. The sharp and intense characteristic absorption band
at 1560 cm−1 is attributed to the antisymmetric stretching vibra-
2.94 8.00 18 35 2 0.86 3 0.06 2 3.75

MWN90m Ni2.89Al(OH)8.10(C18H35O2)0.57(CO3)0.05(H2O)3.11 3.166

a The interlayer gallery height: �d = d003 − 4.8 Å.
b Gap = �d − the length of stearate anion (26.28 Å).

icrowave radiation and N2 protection condition on the nature
f the interlayer anions, the crystallinity, the particle morphol-
gy, the thermal stability and the hydrophobicity of intercalation
ompound was investigated.

. Experimental

For all preparations, nickel nitrate, aluminium nitrate, sodium hydroxide and
odium stearate were of the analytical grade.

Intercalation of stearate anions into the Ni–Al HTLc interlayer was implemented
y the coprecipitate technique with microwave-hydrothermal crystallization. The
H of the 300 ml aqueous solution containing C17H35COONa (0.16 M), Ni(NO3)2 and
l(NO3)3 ([Ni2+] = 0.75 M and [Al3+] = 0.25 M) was adjusted to 10 using 1 M NaOH
queous solution with rapid stirring. For the comparing, the obtained slurry was
ubmitted to different aging treatments: (a) the conventional hydrothermal treat-
ent for 12 h at 70 ◦C under the conditions with strict N2 protection and without

2 protection. (b) The microwave-hydrothermal treatment for different periods of
ime (10, 30, 60 and 90 min) at 70 ◦C in a microwave oven (XH-300A, the maximum
ower of 1000 W and a frequency of 2.45 GHz). The temperature was controlled by
he temperature feedback monitoring system with dual IR sensors. In all cases, the
recipitates were washed with deionized water and ethanol until no nitrate and
odium were detected in the washing liquids, and then filtered. Finally, the samples
ere dried in an oven for 4 h at 70 ◦C.

The resulting samples were labeled by HTN12h and HT12h, where HT stands for
he hydrothermal treatment, and N for N2 protection. The samples submitted to the

icrowave (MW) radiation treatment were named as MWNt, where t (t = 10, 30, 60
nd 90 min) stands for the microwave treatment time (minute).

The chemical analysis for Ni, Na and Al was carried out by the atomic absorption
n the AAS-986 apparatus. The contents of C, N and H were determined using Leco
HNS-932. All samples were characterized by the powder X-ray diffraction (XRD)
sing D/MAX 2200 diffractometer with � = 1.5406 Å for angle 2� = 2–75◦ . Data were
ollected at the rate of 4◦/min and step of 0.02◦ with Cu K� irradiation operated
t 40 kV and 45 mA. Infrared (IR) spectra of samples were obtained using Nicolet
TIR360 spectrometer (KBr pellet method, 4 cm−1 resolution). Thermal analysis and
he weight loss percentages of H2O were carried out with a thermogravimetric ana-
yzer (TGA pyris 1 from PerkinElmer) using a constant heating rate of 10 ◦C/min
nder nitrogen atmosphere from 50 to 800 ◦C. Morphology of the specimens was
xamined in HITACHI 1H-7650 transmission electron microscope (TEM) operated
t an accelerating voltage of 100 kV. Scanning electron microscope (SEM) observa-
ions were carried out on FEI-Sirion with a field emission at 20 kV. The EDX analysis
f samples was obtained by SEM equipped with the EDAX genesis X-ray energy-
ispersive spectrometry system through a spectrum imaging technique. Contact
ngles (CA) were measured using JC2000A contact angle/interface tensile measurer.
ll samples were pressed into disks with a diameter of 11 mm. Each disk was dripped
y 10 �L of deionized water, and the observation of all water drops maintains for
5 s. Each sample repeats the experiment 10 times in the measurement.

. Results and discussion

.1. Element chemical analysis

The compositions of all intercalated samples were obtained
sing AAS, CHN and TGA characterization techniques. These
esults can determine the chemical formulae of the conventional
ydrothermal treatment and the microwave radiation treated sam-
les, as summarized in Table 1. The observation shows that the

tearate anions are the main interlayer anions in all the samples.
he measured atomic molar ratio of Ni/Al is approximately the ratio
f the metal cations in the initial solution, except for HT12h, whose
atio is lower than that of other samples. The contents of N and
a elements are less than 0.03%, which indicates that the nitrate
.498 0.304 9.243 26.86 0.58 16.90

anions and sodium stearate moleculars are absent in all samples.
In addition, a small amount of carbonates can coexist in the inter-
layer space based on the compositional analysis, especially for the
HT12h sample without N2 protection.

3.2. FT-IR characterization

The IR technique has been commonly used to identify the nature
of the interlayer anions and the presence of impurity in non-
crystalline phases. The FT-IR spectra of six intercalated samples
and the sodium stearate recorded at room temperature are pre-
sented in Fig. 1(a)–(g). In all cases, Fig. 1(a)–(f) shows that the
broad and intense absorption bands between 3700 and 3100 cm−1

centered at about 3460 cm−1 are due to the O–H stretching vibra-
tions of layer hydroxyl groups and interlayer water molecules in
the stearate anions intercalated samples. The weak shoulder at
2971 cm−1 and two strong peaks at 2917 and 2850 cm−1 corre-
spond to C–H stretching vibration of stearate anions. In addition, a
very weak shoulder at about 1365 cm−1 appeared in all intercalated
samples demonstrates the presence of very small amounts of inter-
layer carbonate ions. The reason is due to the contamination from
the absorption of atmospheric CO2 under high pH solution dur-
ing washing. In fact, this contamination is difficult to be avoided
[31]. Namely, the stearate anions and a very small amount carbon-
ates were embedded in the interlayer space of intercalated samples.
This result is in agreement with the element chemical analysis. The
bands near 1635 cm−1 can be assigned to the bending vibration
Fig. 1. FT-IR spectra of all intercalated samples and sodium stearate. (a): HT12h,
(b): HTN12h, (c): MWN10m, (d): MWN30m, (e): MWN60m, (f): MWN90m and (g):
sodium stearate.
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steady decrease in the c parameter with the increase of microwave
radiation time from 10 to 60 min as expected. However, when the
microwave radiation time was further increased, the c value of
MWN90m increased. This parameter is related to the electrostatic
forces between the layers and the interlayer anions. Usually the
ig. 2. X-ray diffraction patterns for six intercalated samples. (a): HT12h, (b):
TN12h, (c): MWN10m, (d): MWN30m, (e): MWN60m and (f): MWN90m.

ion of the carboxylate group [33,34]. Simultaneously, the peaks at
467 and 1410 cm−1 correspond to the CH2 scissoring and the sym-
etric stretching vibrations of the carboxylate group. The above

hree characteristic peaks of stearate anions also appear in all inter-
alated samples.

.3. X-ray diffraction study

Fig. 2(a)–(f) shows the powder X-ray diffraction patterns of all
ix intercalated samples. All main diffraction peaks (0 0 3), (0 0 6),
0 0 9) and (0 0 12) were appeared in the very low angle due to the
ntercalation of C17H35COO− anions in the interlayers of Ni–Al HTLc,

hether by the microwave radiation or the conventional heat-
ng treatment. These patterns are typical character of organo-HTLc
omposites [35]. Furthermore, the (1 1 0) and (1 1 3) diffraction
eaks are overlapped together to form broad and non-symmetric

ines. It demonstrates that HTLc contains large anions in the inter-
amellar region [20,36]. In addition, it should be also noted that a
road peak in the range of 20–23◦ corresponds to the scattering by
he hydrocarbon chains [37]. This characteristic peak also confirms
hat stearate anions are intercalated into the Ni–Al HTLc interlayers.

A steady enhancement of the crystalline degree in the
icrowave radiation samples is observed as the (0 0 3), (0 0 6) and

0 0 9) diffraction lines become sharper and stronger when the radi-
tion time is at between 10 and 60 min. Interestingly, the crystalline
egree of MWN90m shows no continuous improvement when the
adiation time is increased up to 90 min. In reverse, the inten-
ity of all peaks is decreased. This character is similar to that of
ome compounds aged under a microwave-hydrothermal treat-
ent which were attributed to the finite Ostwald ripening [38,39].

herefore, the best crystallinity improvement was attained after
0 min microwave heating treatment for this series of intercalated
amples.

From the positions of the peaks in the XRD patterns, the values
f the lattice parameters a and c can be calculated according to a 3R
acking of the layers [40,41]. The c parameter (namely three times
he distance between the brucite-like layers) equals three times the
alue of d(003) or six times the value of d(006) if the peaks are sharp
nough [42,43]. However, as the peaks are somewhat broad, the
attice parameter c can be calculated by averaging the (0 0 3) and
0 0 6) positions, according to the following equation [44–47]:
=
(

3
2

)
[d(003) + 2d(006)] (1)

The a parameter, namely the average cation–cation distance
ithin the layers, has been calculated from the (1 1 0) reflection
Fig. 3. Schematic arrangement of stearate anions with a monolayer in the interlayer
for all intercalated samples.

according to the equation a = 2d(110). The crystallite sizes in c axis
directions can be determined by using Scherrer formula [48–50]:

D = 0.89�

B(�) cos(�)
(2)

where D is the crystallite size, � is the wavelength of the radiation
used, B(�) is the full width at half maximum (FWHM) of the (0 0 3)
diffraction peaks (rad.), and � is the Bragg diffraction angle for each
sample. The cell parameters (a, c) and particle size (D) of all samples
are included in Table 1.

The parameter a depends on the chemical composition of the
metal cations in the layers. The a values remain almost constant
0.302 nm except for MWN90m whose a value is 0.304 nm. These
values are in good agreement with that of MgAl–LDH determined
by XRD [51]. The reason is due to the similar radii of Ni2+ and Mg2+

(rMg2+ = 0.720, rNi2+ = 0.690 Å). The c values of HT12h and HTN12h
are 10.15 and 9.422 nm, respectively. They are greater than other
sets of samples by the microwave treatment. In addition, there is a
Fig. 4. Contact angle of all samples. (a): HT12h with CA 100◦ , (b): HTN12 h with
CA 105◦ , (c): MWN10m with CA 95◦ , (d): MWN30m with CA 99◦ , (e): MWN60m
with CA 102◦ , (f): MWN90m with CA 97◦ , (g): sodium stearate with CA 75◦ and (h):
Ni–Al–CO3 with CA 46◦ .
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Fig. 5. SEM images of six intercalated samples. (a): HT12h, (b): HT

nterlamellar region is well ordered and the electrostatic interac-
ions between anionic species and hydroxyl layers become to be
nhanced with the decrease of the c parameter [34,44]. Therefore,
t can be concluded that the interlayer anions of the microwave
adiation samples are well ordered and have stronger electrostatic
nteractions with hydroxyl layers in comparison with the conven-
ional aging 12 h samples.

The layer spacing (d003) decreased as the microwave time
ncreased from 10 to 60 min. However, when the radiation time

as further increased, the spacing of MWN90m increased and the
asal reflection became weaker and broader. It is an indication of

ower crystallinity [52]. The HT12h shows a lower crystallinity due
o the weaker and broader diffraction peaks. Furthermore, its (0 0 3)

iffraction peak 2� angle (2.36◦) is 0.5◦ lower than that of other
amples (2.86◦). It can be concluded that interlayer anions species
f HT12h increased because there is no N2 protection. It leads to a
ow ordering of interlayer anions. In addition, the intensity and the
osition of diffraction peaks for MWN30m are very close to that
(c): MWN10m, (d): MWN30m, (e): MWN60m and (f): MWN90m.

of the sample HTN12h. It means that the crystalline degrees are
similar for the products MWN30m and HTN12h.

The crystallite sizes of all samples were calculated by the Scher-
rer equation [48–50]. A sustained increase of the particle size is
observed during the microwave treatment. Further, a fast growth
occurs at between 30 and 60 min. In all samples, the intercalation of
the organic stearate anions leads to the expansion of the interlayer
space in comparison with the values reported in the literature for
the Ni–Al–carbonate HTLc (Ni:Al molar ratio = 3) [53]. According to
the chain length of the myristic acid molecule CH3(CH2)12COOH
(21.2 Å) [54] and the C–C distance in paraffins (1.27 Å) [55], the
dimension of stearate anions is approximately 26.28 Å. Taking into
account that the thickness of a brucite-like layer is about 4.8 Å

[56,57], so that the interlayer gallery height (�d) ranges from 26.72
to 32.60 Å according to the equation: d003 − 4.8 Å for all interca-
lated samples [58]. Therefore, all samples exhibit the arrangement
of a monolayer of stearate anions according to �d values and the
length of stearate anion (26.28 Å), as shown in Fig. 3. However, all
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Fig. 6. EDX analysis of (a): HT12

d values are found to be larger than the length of the interca-
ated stearate anions. To account for these additional spaces, the
aps existing between the interlayer and organic ions were calcu-
ated by the equation: �d − the length of stearate anion (26.28 Å)
59]. Furthermore, the �d and the gap values of all intercalated
amples are also listed in Table 1. The gap value (6.32 Å) of HT12h
s greater than other intercalated samples. This result is mainly
ttributed to two potential reasons. Firstly, the important factor
s that the electrostatic interaction between the brucite-like layer
nd the interlaminar stearate anions in HT12h is weaker than that
n other samples [59]. The differences of gap values also indicate
hat the interlayer anions of the microwave radiation samples have
tronger electrostatic interactions with hydroxyl layers than those
f the conventional aging 12 h samples. This result is in agreement
ith the c value analysis. Secondly, the different arrangement of

nterlayer water molecules can also lead to the change of the gap
alue, as described by Arizaga et al. [58] and Wypych et al. [59].

.4. Hydrophilic and hydrophobic analysis

In order to confirm the influence of stearate anions intercalation
n the hydrophilic and the hydrophobic property of all samples,
he contact angles were measured. Fig. 4 shows all images of the
ontact angles. The results show that the contact angle steadily
ncreases from 95 to 102◦ when the microwave radiation time
anges from 10 to 60 min. However, the contact angle of MWN90m
ith microwave radiation 90 min decreases to 97◦. In addition, the

ontact angles of all intercalated samples are larger than that of the

ure sodium stearate (75◦) and our previous prepared Ni–Al–CO3
46◦). It indicates that the surfaces of all intercalated samples
how the change from hydrophilicity to hydrophobicity due to the
ntercalation of stearate anions. Because the surface hydrophobic
roperty of intercalated samples can be modified by controlling
: MWN30m and (c): MWN90m.

the microwave radiation time, the modified-HTLc nanocomposite
of the different hydrophobic property can be prepared by different
microwave radiation conditions.

3.5. The morphology analysis

SEM images of all intercalated samples were shown in
Fig. 5(a)–(f). As seen from all SEM images, their surface morphol-
ogy becomes lamellar plates and stacks parallelly to each other.
Furthermore, HTN12h and MWN10m show more evident lamel-
lar plate-like shape compared with other samples. Therefore, in
order to obtain more fine morphology and particle size distri-
bution, the TEM images of all intercalated samples are analyzed
(not shown). The TEM micrograph was obtained by transferring
a drop of suspension onto a grid. All images show irregular and
very thin platelets oriented parallel to the grid surface. Moreover,
the overlap phenomenon occurs among the platelets. It is due to
that the particle–particle interactions are strong, especially for the
microwave radiation samples. In addition, the particle sizes of all
samples increased as the aging time was prolonged, and the parti-
cle size of microwave treated samples was smaller than that of the
conventional aged samples.

Fig. 6(a)–(c) shows the EDX analysis of three samples HT12h,
MWN30m and MWN90m, respectively. In all EDX figures, no N and
Na elements were detected in the chemical composition. It excludes
the existence of nitrates and sodium stearate moleculars. The above
results are in good agreement with the elemental analysis results.
3.6. Thermal analysis

The nature of the interactions between host layers and guest
anions can be investigated by the thermal analysis, and the ther-
mal stability depends on the crystallinity degree of samples [60,61].
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ig. 7. TGA curves of sodium stearate and six intercalated samples. (a): HT12h,
b): HTN12h, (c): MWN90m, (d): MWN60m, (e): MWN30m, (f): MWN10m and (g):
odium stearate.

igs. 7 and 8 show the TGA and DTG curves of sodium stearate and
ll intercalated samples.

TGA curves of all six intercalated samples show two weight
oss stages. The first step in the range of 50–240 ◦C centered at
0 and 200 ◦C in the DTG curves are attributed to the removal
f physisorbed water and interlayer water. The weight loss of
WN10m accounts for 18% of the initial weight of the sample at

40 ◦C. This weight loss is larger than the other five intercalated
amples, of which weight losses are in the range 9–12% of the ini-
ial sample weight. With increasing the temperature, the second
eight loss is completed by ∼450 ◦C for MWN10m accounting for

4% of the initial sample weight. While the weight losses of the
ther five intercalated samples are completed by ∼560 ◦C. They
re in the range 61–64% of the initial samples weight, respectively.
hese weight losses can be attributed to the removal of both layer
ydroxyls and interlayer anion groups.

However, the accurate change of thermal stability at the sec-
nd weight loss stage shows obvious differences in the DTG curves
or all six intercalated samples. For instance, MWN10m shows a
ymmetrical and sharp peak centered at 354 ◦C which is about

20 ◦C lower than the strong and sharp peaks centered at 464 and
75 ◦C of stearate anions. This result indicates that the interlayer
nions of MWN10m contain a small amount of stearate anions and
large number of hydroxyls [62,63], which is in agreement with

ig. 8. DTG curves of sodium stearate and six intercalated samples. (a): HT12h,
b): HTN12h, (c): MWN90m, (d): MWN60m, (e): MWN30m, (f): MWN10m and (g):
odium stearate.
ompounds 508 (2010) 426–432 431

the IR spectra. MWN30m and HT12 h show similar broad peaks
in the range of 240–540 ◦C centered at about 393 ◦C in the DTG
curve. This result suggests that their interlayer anions are hydrox-
yls and C18H35O2− together. In addition, they show another weak
shoulder peak at about 520 ◦C. This high decomposition tempera-
ture is due to the hydrogen bonding interactions between CO3

2−

and C18H35O2−. However, a shift of the third sharp and strong
peak of HTN12h towards higher temperatures at 417 ◦C with a
weak shoulder peak at about 467 ◦C are observed in the DTG pro-
file. Moreover, all peak shapes and positions of MWN60m and
MWN90m are very similar to that of HTN12h. The third peaks of
MWN60m and MWN90m move toward higher temperatures at 429
and 423 ◦C, respectively. And they also present a weak shoulder
peak at about 475 and 472 ◦C, respectively. These peaks are due to
the decomposition of all C18H35O2− in the interlayer. Note that the
intensity of the interlayer water peak becomes weak as the aging
time was prolonged. This fact also confirms that the intercalated
amount of stearate anions was increased, since the hydrophobic-
ity of C18H35O2− decreases the affinity with the interlayer water in
comparison with the hydroxyl groups.

The above results indicate that both microwave radiation time
and N2 protection condition have important influences on the inter-
calation of stearate anions, and intercalation effect of C18H35O2−

under microwave radiation 60 min is the best in all six samples.
Thus, it can be concluded that the increase in crystallinity also
affects the thermal stability of the samples. On the other hand, the
thermal analysis also confirms that the intercalation of C18H35O2−

anions into the interlayer of HTLc occurs both in coprecipitation
stage and especially in the aging step.

4. Conclusions

In this paper, the anionic surfactant organic modified-Ni–Al
HTLc with stearate anions was prepared by the coprecipitation. And
the effects of two methods including the microwave radiation aging
and the conventional hydrothermal treatment on the homogeneity
and the crystallinity were comparatively investigated.

The chemical element composition and EDX analysis indicate
that no nitrate anions and sodium stearate moleculars exist in
all samples. The IR results show that the stearate anions and a
very small amount of carbonates were embedded in the interlayer
space of intercalated samples together. The XRD results illustrate
that the sample of microwave radiation 60 min shows the best
crystallinity. However, HT12h shows lower crystallinity and lower
2� angle of basal plane (0 0 3) than other samples due to no N2
protection. Finally, the thermal analysis results indicate that the
enhancement of crystallinity improves the thermal stability of the
samples. Furthermore, the intercalation of C17H35COO− anions into
the interlayer of HTLc occurs in both coprecipitation process and
the aging process, especially the latter.
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