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ABSTRACT

Highly exfoliated CoAl-layered double hydroxide (CoAl-LDH)/polycaprolactone (PCL) nanocomposites
were successfully synthesized by simple solution intercalation of PCL into the galleries of organically
modified CoAl-LDH (OCoAI-LDH) under reflux in cyclohexanone. The structure and thermal proper-
ties of the nanocomposites were characterized by Fourier Transform Infrared spectroscopy (FTIR), X-ray
diffraction (XRD), Transmission Electron Microscopy (TEM), Thermal Gravimetry Analysis (TGA) and Dif-
ferential Scanning Calorimetry (DSC). TGA data show that the thermal degradation temperature of the
PCL nanocomposite with the addition of 1 wt% of LDH is lowered by 18 °C as compared to that of neat
PCL. Dynamic FTIR spectra, coupled with two-dimensional infrared (2D-IR) correlation spectra, clearly
reveal that the decrease in the degradation temperature observed for the nanocomposites is not just due
to the decomposition of OCoAl-LDH at low temperature, but also mainly due to the negative catalytic
degradation effect of OCoAl-LDH, where the ester groups of PCL matrix are catalytically hydrolyzed by

the hydroxyl groups on LDH surface.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Nanocomposites are two phase materials in which the inor-
ganic filler particles have at least one dimension with nanometer
from 0.1 to 100 nm range [1]. Layered double hydroxides (LDHs),
being layered crystalline materials with easily exchangeable inter-
layer ionic species, can act as host matrices for the intercalation of
organic polymers in order to synthesize hybrid organic-inorganic
nanocomposites [2]. In recent years, polymer/LDH nanocomposites
have attracted considerable interest in the field of material chem-
istry [3-6]. Owing to their novel mechanical, optical and thermal
properties which are rarely present in neat polymers or micro-scale
composites, these hybrids may have wide range of applications
such as organoceramics, biomaterials, electrical and mechanical
materials [2,7-12]. In general, the performance of these unique
properties depends mainly on the dispersion degree (intercala-
tion or exfoliation) of LDH layers in the polymer matrices [13].
From these two types of nanocomposites, the exfoliated one usu-
ally attracts more interest since better dispersion of LDH layers in
polymer matrix results in enhanced properties as compared to the
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intercalated nanocomposites [14]. However, LDH layers have high
charge density (ca. 300 mequiv./100 g) and strong interlayer elec-
trostatic interaction which makes the exfoliation of LDH to be much
more difficult [15]. In addition, pristine LDH is not suitable for the
penetration of giant polymer chains or chain segments into their
gallery space unless its interlayer distance is significantly increased.
Accordingly, the intercalation of LDH involves organic modification
of LDH to expand the basal spacing and/or ionogenic modification of
the polymer to graft anions onto the polymers or monomers [16].
Previous studies have shown that polymer/LDH nanocomposites
are generally prepared via three main pathways as follows: direct
intercalation, in situ polymerization and restacking process [17].
Polycaprolactone (PCL), being one of the most important bio-
compatible and biodegradable aliphatic polyester, provides many
potential biomedical and packaging applications, such as the matrix
material for bone substitutes, scaffolds, drug carriers for controlled
release, and food packaging [18-20]. However, the applications
for such polymers are limited due to their poor mechanical and
water vapour (as well as other gases) barrier properties. PCL/clay
nanocomposites have usually demonstrated improved properties
as compared with neat PCL[21-24]. In contrast to layered clay, LDH
particles are constituted of metal hydroxide layers which display
a positively surface charge where it is counter-balanced by anions
located in the domains between adjacent layers. LDH materials can
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accommodate a wide range of different anions and cations, lead-
ing to a large compositional variety and thus tunability for a large
number of applications [25-27]. One main area that has been the
focus of intense research in recent years is the use of LDH as host
matrices for the storage and delivery devices for biological implant.
Furthermore, the wide range of varieties of cations that can consist
of an LDH means that it is facile to produce biocompatible materials
[28]. This is similar to the hydroxylapatite-reinforced biodegrad-
able polyester nanocomposites [29]. The biodegradable polymers
filled with LDH will be a potential biocompatible nanocompos-
ites, which can possibly widen the applications of biodegradable
polymers as the biomedical materials [30].

Till now, there are few reports on PCL/LDH composites
[1,31-35]. Vittoria et al. have reported the preparation of PCL
composites reinforced with 12-hydroxydodecanoate (HD) anions
modified MgAI-LDH (MgAI-LDH-HD) by using high energy ball
milling (HEBM) technique [32]. HEBM is an effective and unconven-
tional technique currently used in inorganic material systems and
processing. It was observed that the mechanical and other physi-
cal properties (such as the modulus and stress at yield as well as
the barrier property) of the composites were enhanced in com-
parison with the neat PCL. Very recently, the same research group
succeeded in incorporating nitrate form of MgAIl-LDH by ionic
exchange procedure into a chemically modified PCL. X-ray diffrac-
tion and AFM analysis suggested possible formation of partially
exfoliated nanocomposites [1]. Unfortunately, all the preparation
approaches reported previously, such as direct melt blending of
PCL with MgAI-LDH-HD, in situ polymerization of e-caprolactone
in the presence of MgAI-LDH-HD, or mixing THF solution of PCL
with MgAI-LDH-HD, are unable to successfully achieve PCL/LDH
nanocomposites because the MgAl-LDH-HD microcrystals remain
to be an essential integral within the polymeric matrix [31]. There-
fore, a convenient and efficient method to synthesize exfoliated
PCL/LDH nanocomposites is undoubtedly a rewarding and chal-
lenging work.

As compared to MgAI-LDH, transition-metal-bearing LDHs
(such as Co-Al and Fe-Al) are known to have wider technologi-
cal applications due to their unique catalytic, electronic, optical,
and magnetic properties [36-39]. Therefore, it may be desirable
to obtain their new, interesting hybrid polymeric materials. In
this paper, the highly exfoliated CoAl-LDH/PCL nanocomposites
were obtained for the first time by simply refluxing the mixture of
dodecyl sulfate modified CoAl-LDH (OCoAIl-LDH) and PCL in cyclo-
hexanone solution. The nanostructure and thermal degradation
mechanism of the exfoliated CoAl-LDH/PCL nanocomposites were
also investigated.

2. Experimental
2.1. Materials

PCL (number-average molecular weight=80,000Da, Aldrich),
CoCl,-6H,0, AlCl3-6H,0 and urea (analytical purity) were supplied
by Shanghai Zhenxing Chemicals. Sodium dodecyl sulfate (SDS),
NaCl and cyclohexanone (analytical purity) were obtained from
China Medicine (Group) Shanghai Chemical Reagent Corporation.
All these commercial chemicals were used as received without fur-
ther purification.

2.2. Preparation of samples

Dodecyl sulfate modified CoAl-LDH (OCoAI-LDH) was obtained
according to the procedure reported previously [39]. The PCL/CoAl-
LDH nanocomposites were prepared by the solution intercalation
method. Firstly, a desired amount of OCoAl-LDH was sonicated at a

frequency of 40 kHz for 0.5 h and refluxed in 50 mL cyclohexanone
for 12 h under flowing nitrogen. Subsequently, this solution was
added to the PCL solution in 50 mL cyclohexanone and refluxed
for another 12 h. Finally, the solution was poured into 300 mL
cool methanol. The precipitates, PCL/CoAl-LDH nanocomposites,
were filtered and dried under vacuum at 40 °C for 48 h. The dried
nanocomposites were made into thin sheets with thickness of
0.5mm by compression molding at 100°C using a Carver labo-
ratory press, followed by rapid quenching in an ice/water bath.
Similar preparation conditions were used for each composition of
the materials containing 0, 1, 2, 4 wt% of OCoAl-LDH.

2.3. Characterization

FTIR spectra were recorded on a Nexus 470 FTIR spectropho-
tometer (Nicolet Instruments, USA). FTIR samples were prepared
in the form of KBr disks or thin films. XRD patterns of the samples
were obtained by X'Pro X-ray diffractometer with Cu Ka radiation
(A=0.1548 nm) under a voltage of 40 kV and a current of 40 mA. The
samples were scanned over the range of 26 from 2.5° to 50°, with
a scan speed of 0.5°/min at room temperature. Ultrathin sections
for TEM observations were prepared by sectioning the sample with
diamond knife at room temperature to thickness of 50-70 nm using
a Leica ultramicrotome. The ultrathin films were mounted on car-
bon coated copper grids and observed using TEM (JEOL JEM-2100
TEM) under an accelerating voltage of 200 kV.

TGA was performed under nitrogen flow from 50 to 600°C at a
heating rate of 10°C/min using a Perkin Elmer TGA 7. DSC exper-
iments were performed under nitrogen environment by a TA DSC
2920. The melting and crystallization studies were performed in
the temperature range of 0-100°C at a heating rate of 10°C/min,
and hold isothermally at 100 °C for 3 min to eliminate the thermal
history. The samples were then cooled to 0°C at a cooling rate of
10°C/min. The DSC curves were recorded and analyzed.

The real-time FTIR spectra were recorded with a 4cm~! spec-
tra resolution on a Nicolet Nexus 470 spectrometer equipped
with a DTGS detector by signal averaging 64 scans. The base-
line correction was done by using OMNIC 6.1 software. The film
samples were placed in a ventilated oven at a heating rate of
10°C/min for the dynamic measurements of FTIR spectra during
the thermo-oxidative degradation. The relative concentrations of
alkyl and carbonyl groups were calculated from the intensity ratios
of peak heights at 150°C to the maximum heights of the 2943
and 1735cm~! peaks. Repeated experiments showed that small
variations in sample thickness had no significant influence on the
relative peak intensity.

Thereal-time FTIR spectra were recorded at a temperature inter-
val of 10°C and the generalized two-dimensional (2D) correlation
analyses in selected range of wavenumber were analyzed by using
2D Shige software developed by Shigeaki Morita (Kwansei-Gakuin
University, Japan). In 2D correlation maps, the red-colored regions
are defined as the positive correlation intensities, whereas the blue-
colored ones are regarded as the negative correlation intensities.

3. Results and discussion
3.1. FTIR characterization of PCL/CoAl-LDH nanocomposites

Fig. 1 compares the FTIR spectra of OCoAl-LDH, neat PCL, and PCL
nanocomposite containing 4 wt% LDH samples. The assignment of
the bands was based on previous assignments as reported in the lit-
erature [40]. The OCoAl-LDH sample (Fig. 1a) has abroad adsorption
band around 3500 cm~! due to O-H stretching modes of interlayer
water molecules and H-bonded OH groups. The corresponding
bending mode of water molecules appears at about 1630 cm™!.
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Fig. 1. FTIR spectra of (a) OCoAl-LDH, (b) neat PCL and (c) PCL/OCoAI-LDH (4 wt%)
nanocomposites.

The C-H stretching vibration at 2848, 2920, and 2957 cm~! and
the stretching vibration of sulfate from dodecyl sulfate anion
at 1218cm™! can also be observed. In addition, the absorbance
bands in the range of 800-400cm~! region are due to the lat-
tice vibration bands of the M-0 and O-M-0O (where M=Co, Al)
groups. These features are in good agreement as reported in lit-
erature [39]. The principal bands of pure PCL are 3000-2800 cm™!
(CH, stretching vibrations), 1735 cm~! (C=0 stretching vibrations),
1275-1050cm~! (C-0O-C aliphatic ether stretching vibrations),
730cm~! (CH; long chain rocking motion vibrations), and 1450
and 1380cm~! (CH, and CH bending vibrations). Taking neat
PCL sample (Fig. 1b) as comparison, the PCL nanocomposite with
4wt% CoAl-LDH (Fig. 1c) shows some new absorption peaks
at 3100-3600cm~! (O-H stretching vibrations), and 1640 cm™!
(H-O-H bending vibrations), respectively. The lattice vibration
bands below 800 cm~1, which is absent in the pristine PCL sample,
also unequivocally provide an evidence that the LDH layers have
been doped into the PCL matrix by the solution intercalation thus
forming the PCL/CoAl-LDH nanocomposites.

3.2. Structure and morphology of exfoliated PCL/CoAl-LDH
nanocomposites

Fig. 2 shows the XRD patterns for 26 range from 2.5° to 50°
for OCoAl-LDH, neat PCL and their corresponding PCL/OCoAl-LDH
nanocomposites. Pristine PCL shows reflection peaks at 260 =21.3°
and 23.7°, which correspond to (110) and (2 00) crystallographic
planes of PCL, respectively. The (003) basal spacing (dgg3) of
OCoAI-LDH powder sample, calculated from the diffraction peak at
20=3.46°, is 2.53 nm, which is consistent with the value reported
elsewhere [39]. This indicates that a swollen and intercalated struc-
ture is successfully formed by the insertion of the surfactant (SDS)
into the host gallery of the LDH platelets without destructing the
regular, alternating stacking of the LDH layers. However, this peak s
not present in the nanocomposite samples. Therefore, the complete
disappearance of the basal plane of LDH may be due to the collapse
of the stacked lamellar LDH structure, leading to the formation of
disordered and exfoliated nanostructure within the matrix. In other
words, the LDH platelets are randomly dispersed throughout the
PCL matrix. The two sharp reflection peaks of PCL at 260=21.3° and
23.7° can still be observed in all the nanocomposites.

Although XRD could provide a partial picture about the distri-
bution of nanofillers, a complete morphology characterization of
nanocomposites usually requires microscopic investigation. TEM
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Fig. 2. XRD patterns of OCoAl-LDH, neat PCL and PCL/CoAl-LDH nanocomposites
with different LDH loadings.

analysis allows a direct visualization of the morphology, spatial dis-
tribution and dispersion of the nanoparticles or platelets within the
polymer matrices. Fig. 3a shows low magnification TEM image of
PCL nanocomposite containing 4 wt% OCoAl-LDH. The dark lines
represent the LDH layers, whereas the gray areas correspond to
the polymer matrix. The image clearly reveals that OCoAl-LDH
layers have completely lost their stacking orders and are inho-
mogeneously distributed in the continuous polymer matrix. The
absence of aggregates confirms the high degree of exfoliation of

Fig. 3. TEM images of PCL nanocomposite with 4 wt% CoAl-LDH: (a) at low magni-
fication and (b) at high magnification.
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Fig.4. DSC cooling scans at cooling rate of 10 °C/min for neat PCL and PCL/CoAI-LDH
nanocomposites with different contents of OCoAl-LDH.

the LDH platelets within PCL. TEM image at higher magnification
(Fig. 3b) shows the diffuse nature of the nanoplatelets which vary
widely in size and shape. It is worth noting that a large number
of LDH platelets with dimension of 10-20 nm appear in the sam-
ple, this may be due to the breakage of CoAl layers when being
refluxed in cyclohexanone. Chen and Qu have reported similar
results from polyethylene/ZnAl-LDH nanocomposites synthesized
in xylene under reflux treatment [16]. In fact, the exfoliated
NO3;~CoAI-LDH layers in formamide (even at room temperature)
are also morphologically irregular and dimensionally diminished
in comparison with the parent LDH crystallites [39]. The layer-
breaking process during the delamination may destroy the crystal
structure of LDH and facilitate the penetration of polymer chains
into the center of OCoAI-LDH sheets, thus lead to the formation of
exfoliated structures. The exfoliated morphology observed here by
TEM is in good agreement with the XRD results.

3.3. Thermal properties of PCL/CoAl-LDH nanocomposites

To elucidate the effect of LDH on crystallization behavior of PCL
matrix, thermal analysis was performed by DSC. Fig. 4 shows the
DSC cooling curves of neat PCL and its nanocomposites. It can be
seen that, the exothermic peak for neat PCLis located at 25 °C. As the
OCoAI-LDH loading increases, the melt crystallization temperature
increases gradually, and the addition of 4 wt% OCoAIl-LDH results in
an increase of the crystallization temperature of PCL nanocompos-
ite by 36°C. The increase in crystallization temperature with the
incorporation of LDH into PCL matrix is due to the fact that LDH
can act as nucleating agent which has a heterogeneous nucleation
effect.

Fig. 5 illustrates the TGA curves in nitrogen atmosphere for neat
PCL and its nanocomposites with different loadings of OCoAl-LDH.
It is obvious to note that the degradation of nanocomposites occurs
at lower temperature as compared to the neat PCL and the ther-
mal degradation temperature decreases gradually with the increase
of OCoAI-LDH loading level. When 50% weight loss was selected
as the point of comparison, the thermal decomposition tempera-
tures (Tg5) for neat PCL and its nanocomposites containing 1, 2 and
4wt% LDH were determined to be 402, 384, 374, 370°C, respec-
tively. Vittoria et al. also reported similar results for MgAI-LDH and
its chemically modified PCL systems [1]. According to them, this
reverse trend in thermal stability is due to the presence of MgAl-
LDH-HD in the PCL composite samples, which had been shown to
degrade at lower temperatures than neat PCL. However, in most
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Fig. 5. TGA profiles for neat PCL and PCL/CoAI-LDH nanocomposites with different
loadings of OCoAl-LDH in nitrogen atmosphere with a heating rate of 10 °C/min. The
inset shows the thermal decomposition temperature at 50% weight loss (To 5 ) of neat
PCL and its nanocomposites with different loadings of OCoAl-LDH.

cases, it is known that the thermal stability of the polymer/LDH
nanocomposites will increase as compared with its correspond-
ing LDH-free polymer matrices [25]. For example, it was reported
that the addition of the LDH to PMMA resulted in an increase in
thermal stability of the composites and does not affect the degrada-
tion steps of PMMA [26,27]. It has been reported that the beneficial
effect of LDH on the thermal stability of polymer matrix is due to
the promotion of the charring process of the matrix and the bar-
rier effect of LDH layers for the diffusion of oxygen and volatile
products throughout the composite materials during the thermal
decomposition of the composites [41].

As mentioned above, to eliminate the stronger electrostatic
interactions between the LDH layers and to obtain the interca-
lated or exfoliated nanostructure, the surfactants are usually used
to modify the surface property of the LDH layers, which has been
proven to be an effective method [42,43]. Similarly in this study, we
first obtained surfactant-modified CoAl-LDH (OCoAl-LDH). There-
fore, the decomposition of OCoAI-LDH plays an important role in
the thermal decomposition of exfoliated CoAl-LDH/PCL nanocom-
posites. Fig. 6 gives the TGA and the corresponding derivative
thermogravimetric (DTG) curves of OCoAl-LDH under nitrogen
atmosphere. The weight loss at temperatures below 200°C can be
assigned to the removal of interlayer water molecules and the ther-
mal decomposition of LDH layers via the removal of -OH groups
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Fig. 6. TGA and DTG curves of the OCoAl-LDH sample in nitrogen atmosphere with
a heating rate of 10°C/min.
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Fig. 7. Dynamic FTIR spectra at different thermo-oxidative temperatures: (a) neat
PCL; (b) PCL nanocomposite with 4 wt% LDH.

in the form of water molecules. The later stages of weight loss at
around 305°C are probably due to the degradation of the inter-
layer dodecyl sulfate (DS) anions. After the thermal decomposition
of the organics up to 800°C, LDH materials are transformed into
Co-Al oxides. Ding et al. [3] clearly demonstrated the effects of
the small organic molecules and the dispersion of the LDH lay-
ers on the thermal properties of polystyrene (PS) nanocomposites.
Their results showed that SDS-modified LDH, which was shown
to degrade at lower temperature due to the decomposition of the
short alkyl chains of SDS, can significantly enhance the thermal
stability of PS matrix when 50% weight loss was selected as a point
of comparison. According to Chen et al. [44], when the MgAI-DS
component begins to degrade due to the loss of hydroxide on MgAl
hydroxide layers from ca. 150°C, the hydroxide on MgAl hydrox-
ide layers in PMMA nanocomposites does not degrade until the
temperature reaches 200°C due to the protection by intercalated
PMMA chains in the gallery of MgAl hydroxide layers. Similarly,
the degradation behavior of PCL and its nanocomposites at lower
temperatures is almost identical. This is probably due to the polar
interactions between PCL chains and OCoAl-LDH nanoparticles,
which play an important role on the intercalation of polymer chains
within the LDH layers, protect the dehydrated CoAl hydroxide
layers.

Till now, the mechanisms of the thermal stability and degrada-
tion of polymer nanocomposites are still not clearly understood.
Many studies have suggested that the effect may be associated
with the chemical interaction between the polymer matrix and the
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surface of clay layers during the thermal degradation and com-
bustion processes. Zanetti et al. reported the catalytic effect of
the nanodispersed clay layers in PP/MMT (montmorillonite) and
EVA/MMT nanocomposites [45,46]. It has also been found that
the structural iron in clays could act as a radical trap to prevent
degradation [47]. It is well known that the LDHs have a very wide
range of chemical compositions based on different type of metal
species, interlayer anions, etc. and are frequently used as cata-
lysts, catalyst supports in numerous reactions [48]. For example,
the surface alkalinity of the LDHs results in high catalytic activities
for the epoxidation of olefins [49], N-oxidation of pyridines [50],
and C-C bond-forming reactions [51]. And, the Fe3* cations could
prevent nanocomposites from decomposing by radical trapping
at the onset temperature region in MgFe/PMMA nanocomposites
[52]. That is to say, the chemical interaction between the poly-
mer matrix and the LDH layer surface played a very important role
during thermal degradation and combustion processes. Therefore,
it is reasonable to deduce that the unusual thermal degradation
behavior of PCL/OCoAl-LDH nanocomposites may also be due to
the chemical interaction between the OCoAI-LDH and PCL matrix,
i.e. the negative effect of catalytic degradation as a weak alkaline
for the OCoAI-LDH. In order to better understand the mechanism
for the decrease in thermal stability of the PCL/LDH nanocompos-
ites as observed in this study, dynamic FTIR and 2D-IR analysis
have been used to investigate the structural changes during the
thermo-oxidative degradation processes.



6 H. Peng et al. / Thermochimica Acta 502 (2010) 1-7

(A

1720+

1730

Wavenumber/cm™
-
~
N
(=]
T

" 1 & L " L n
3000 2900 2800 2700 2600

Wavenumber/cm™

1720

1730} O

Wavenumber/cm™!

-

N

N

[}
T

3000 2900 2800 2700 2600
Wavenumber/cm™

Fig. 9. Synchronous (a) and asynchronous (b) 2D correlation spectra
(3000-1715cm™') calculated from the temperature dependent FTIR spectra
of PCL nanocomposite with 4wt% LDH in nitrogen in the temperature range of
150-310°C.

3.4. Thermal oxidation behavior of PCL/CoAl-LDH
nanocomposites

Dynamic FTIR can provide detailed information on structural
evolution at the molecular level during the thermo-oxidative
degradation process [53]. Fig. 7 shows the changes of dynamic FTIR
spectra obtained from the thermo-oxidative degradation of neat
PCL (Fig. 7a) and its nanocomposite with 4 wt% CoAl-LDH loading
(Fig. 7b) from room temperature (R.T.) to 310 °C. The peaks at 2943
and 2854cm! are assigned to CH, or CH3 asymmetric and sym-
metric stretching vibrations, respectively. The intensities of these
two peaks decrease as the thermo-oxidative degradation temper-
ature increases due to the decomposition of PCL main chains. A
two-stage degradation mechanism for neat PCL has been proposed
by Persenaire et al. [54]. The first stage implies a statistical rup-
ture of the polyester chains via ester pyrolysis reaction. The second
stage leads to the formation of e-caprolactone (cyclic monomer)
as a result of an unzipping depolymerization process. The band
at 1735cm~!, which correspond to C=0 stretching vibration, is
also an interesting region. Although the dynamic FTIR spectra in
Fig. 7a and b show very similar features, apart from some absorp-
tion peaks of nanofiller, the rate of change of their peak intensities
as the pyrolysis temperature increases is completely different.

Fig. 8 shows the changes of the relative peak intensities at 2943
and 1735 cm~! with the pyrolysis temperature for neat PCL and its
CoAl-LDH nanocomposites. From R.T. to about 220 °C, the thermo-
oxidation is almost the same as that of neat PCL. Above 250°C,
the relative peak intensities of the nanocomposites at 2943 and

1735 cm~! are much lower than those of PCL, implying a catalytic
degradation effect due to the presence of OCoAl-LDH.

Generalized 2D correlation spectroscopy, which was first pro-
posed by Noda, is a versatile tool for the analysis of a set of
spectroscopic data obtained from a system under certain type
of external perturbation [55-57]. Two types of spectra, 2D syn-
chronous and asynchronous spectra, are obtained in general. With
the cross-peaks both in synchronous and asynchronous maps, one
can get the specific order of the spectral intensity changes that take
place while the sample is subjected to an environmental perturba-
tion [58,59]. Fig. 9 presents the synchronous (a) and asynchronous
(b) 2D correlation spectra (3000-1700 cm~1) for the thermal degra-
dation process of PCL nanocomposite containing 4wt% LDH in
nitrogen atmosphere in the temperature range of 150-310°C. As
explained by the rule proposed by Noda [56], the symbols of the
cross-peak at (2943, 1735 cm~1) are respectively positive and neg-
ative in the synchronous and asynchronous maps, inferring that
when heated, carbonyl decomposes faster than alkyl groups. This
means that in PCL/CoAl-LDH nanocomposites, polyester chains will
be the first to decompose, followed by the gradual chain scission of
C-H and C-C main chains of PCL.

All these results show that although the disorderedly dispersed
OCoAI-LDH layers in the PCL matrix at the nanoscopic scale can
hinder the escape of degenerated small molecules which leads to
the improvement in the thermal properties, but at the same time
the LDH layer can directly catalyze the carbonyl decomposition
during the thermal degradation which results in the decrease in
degradation temperature with the increase of OCoAl-LDH loading
level.

4. Conclusions

A facile procedure was developed to prepare exfoliated
PCL/CoAl-LDH nanocomposites by solution intercalation of PCL
chains into organically modified CoAl-LDH interlayers in cyclohex-
anone. The nanoscale dispersion of CoAl-LDH layers in the PCL
matrix has been verified by the disappearance of the dpg3 XRD
diffraction peak and TEM micrographs. DSC data give evidence that
the exfoliated LDH layers have heterogeneous nucleation effect
on the crystallization of PCL and its crystallization temperature is
increased by more than 10°C with the addition of merely 4 wt%
OCoAI-LDH. The TGA profiles of the PCL/CoAl-LDH nanocompos-
ites show that a small amount of OCoAl-LDH can significantly
decrease the thermal stability of exfoliated PCL nanocomposites.
This is because LDH has negative catalytic degradation effect on
the PCL resin in addition to its barrier effect for enhanced thermal
stability. These two competing effects in the PCL nanocomposites
are well demonstrated by dynamic FTIR and 2D correlation spec-
troscopy analysis. From our results, we conclude that the surface
alkalinities of the CoAl-LDH, which can hydrolytically cleave the
ester groups of PCL, are the main reason for the decrease in thermal
stability of PCL nanocomposites. This type of exfoliated nanocom-
posites is promising for the application of magnetic, biological,
medical, and flame-retardant polymeric materials. Currently, we
are still investigating whether the delamination process of CoAl-
LDH is also applicable to other LDH materials and further exploring
their properties and applications.
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