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ABSTRACT: The effects of an intercalating agent on the
morphology and thermal and flame-retardant properties
of low-density polyethylene (LDPE)/layered double
hydroxide (LDH) nanocomposites were studied with Fou-
rier transform infrared spectroscopy, X-ray diffraction,
transmission electron microscopy, microscale combustion
calorimetry, thermogravimetric analysis, and mechanical
property measurements. X-ray diffraction and transmis-
sion electron microscopy demonstrated that after intercala-
tion with stearate anion (SA) or dodecyl sulfate anion
(DS), organo-LDH could be nanodispersed in an LDPE
matrix with exfoliated structures or intercalated structures
simultaneously with partially exfoliated structures, respec-
tively, via melt intercalation. However, the unmodified
LDH composites yielded only microcomposites. Microscale
combustion calorimetry, thermogravimetric analysis, and
dynamic Fourier transform infrared spectra showed the
following order for the flame-retardant and thermal prop-

erties: LDPE/SA-modified LDH > LDPE/DS-modified
LDH > LDPE/NOjz-modified LDH > LDPE. The higher
performance of the LDPE/LDH nanocomposites with
respect to flame retardance and thermal stability could be
attributed to the better dispersion state of the LDH layers
in the LDPE matrix and the greater hindrance effect of
LDH layers on the diffusion of oxygen and volatile prod-
ucts throughout the composite materials when they were
exposed to burning or thermal degradation. The tensile
strength and elongation at break of the LDPE/LDH nano-
composites decreased to some extent because of the
decrease in the crystallinity of the LDPE matrix. A trans-
mittance test showed that the transparency of the exfoli-
ated LDPE/SA-modified LDH nanocomposite was very
close to that of neat LDPE. © 2011 Wiley Periodicals, Inc.
J Appl Polym Sci 123: 316-323, 2012
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INTRODUCTION

In recent years, polymer/layered inorganic nanocom-
posites (PLNs) have attracted considerable interest
because of their dramatically enhanced mechanical
performance, thermal stability, flame retardance, and
optical properties in comparison with neat polymers
or conventional polymer/inorganic composites with
microscale inorganic fillers.' The layered materials
in this field mainly include layered silicates, man-
ganese oxides, molybdenum sulfide, titanates, lay-
ered phosphates, and layered double hydroxides
(LDHs).> LDHs are considered to constitute a new
and emerging class of very favorable layered crystals
for the preparation of multifunctional polymer/lay-
ered crystal nanocomposites because of their highly
tunable properties. They have the general molecular
formula [M3t M3H(OH),]*" A", nH,O, where M*"

x/m
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and M>" are divalent and trivalent metal cations
(e.g., Mg®" and AI’", respectively) and A" is an
interlayer anion (e.g., CO%~, NO;, or PO3"). Some
organic or polymeric anions, such as alkyl carboxy-
late, polyacrylate, and poly(styrene sulfate), can be
intercalated into the interlayers of LDHs by an ion-
exchange reaction.® However, LDHs are not easy to
intercalate or exfoliate” because LDHs have strong
interlayer electrostatic interactions, small gallery
spaces, and hydrophilic properties. Therefore, pris-
tine LDHs should be modified with different organic
modifiers to alter their surface properties, expand
their basal spacing, and facilitate the intercalation of
polymers. The resultant organo-LDHs could be
applied to the preparation of polymer/LDH nano-
composites via solution intercalation, in situ poly-
merization, and melt intercalation.!’~'? Melt intercala-
tion, which is a nonsolvent, environmentally friendly,
and convenient process, is the most important and
widely used approach for the preparation of commer-
cial polymers. However, it is always a challenge to
obtain a high degree of nanodispersed LDH particles
via melt intercalation in comparison with other
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technologies (e.g., the solution method) because of
the high electrostatic stacking forces between the
layers and intercalated anions.'>'*

Two nanomorphology classes can be observed in
PLN nanocomposites: intercalated structures in which
the polymer is intercalated in the gallery space
between the layers and exfoliated structures in which
the delaminated layers are individually dispersed in a
continuous polymer matrix. The properties of PLN
nanocomposites are often greatly influenced by the
morphology. Many articles have reported that PLN
nanocomposites with exfoliated structures have prop-
erties superior to those of the same PLN nanocompo-
sites with intercalated structures.'>'® However, some
articles have reported that the effects of the nanomor-
phology on PLN properties differ from the aforemen-
tioned results. For example, Samyn et al."” prepared a
polyamide 6/clay nanocomposite and found that the
nanomorphology did not play any significant role in
the reduction of the peak heat release rate (PHRR).
Giannelis'® synthesized exfoliated and intercalated
poly(ethylene imine)/clay nanocomposites and found
that the nanocomposite with an intercalated structure
had higher thermal stability than the exfoliated nano-
composite. Samakande et al.'” observed similar
results with polystyrene/clay nanocomposites.

Recently, using LDHs modified by dodecyl sulfate
anion (DS) or stearate anion (SA), Liu et al.*® pre-
pared poly(vinyl chloride)/LDH nanocomposites via
a solution-intercalation process. They found that
nanocomposites containing SA modified LDH con-
sisting of Mg®" and AI’* cations (MgAl-LDH-SA)
had significantly increased thermal stability and
dehydrochlorination times in comparison with poly(-
vinyl chloride)/DS-modified LDH (LDH-DS) nano-
composites. They concluded from their results that
interlayer SAs had an intrinsic ability to absorb HCI.
However, they ignored the influence of the morpho-
logy on the properties of the nanocomposites.

The aim of this study was to investigate the mor-
phology and flame-retardant and thermal properties
of low-density polyethylene (LDPE)/LDH nanocom-
posites prepared via a melt-intercalation method
with LDHs modified by SA or DS. SA has a longer
alkyl chain than commonly used DS. Therefore,
organic LDHs modified by SA may have larger basal
spacing and may be more easily intercalated or exfo-
liated in a polymer matrix.

EXPERIMENTAL
Materials

The LDPE resin used in this work was obtained
from Yanshan Petrochemical Co., Ltd. (Beijing,
China). The compatibilizer, maleic anhydride grafted
low-density polyethylene (LDPE-¢g-MA) with 0.8 wt

% maleic anhydride, was supplied by Shanghai
Sunny New Technology Development Co., Ltd.
(Shanghal, Chma) Mg(NO3)26H20, AI(NO3)39H20,
and sodium stearate were supplied by Shanghai
Zhengxing Chemicals No. 1 Plant (Shanghai, China).
Sodium dodecyl sulfate and NaOH were obtained
from China Medicine (Group) Shanghai Chemical
Reagent Corp. (Shanghai, China).

All these chemicals were commercial products
and were used as received.

Preparation of the samples

LDH consisting of Mg** and AI’* cations (MgAl-
LDH) was prepared by the coprecipitation method.
The pH value of 300-mL aqueous solutions contain-
ing Mg(NO3),:6H,O (0.03 mol) and AI(NO;)5-9H,0
(0.01 mol) with or without an organic modifier (0.01
mol of SA or sodium dodecyl sulfate) was adjusted to
approximately 10 with a 1 mol/L NaOH aqueous so-
lution. During the coprecipitation process, the tem-
perature was kept at 70-80°C under flowing N, gas
with vigorous stirring to exclude CO; in the air. The
obtained slurry was aged for 3 days at 80°C, filtered,
washed with distilled water, and dried at 60°C in an
oven for 24 h. This yielded a white powder: SA-modi-
fied LDH (LDH-SA), LDH-DS, or NO;-modified
LDH (LDH-NO;).

The LDPE/LDH-NO;, LDPE/LDH-DS, and
LDPE/LDH-SA samples were prepared by the melt
intercalation of LDPE with LDPE-g-MA and the cor-
responding LDH powder with an XSS5-300 torsion
rheometer (Shanghai Kechuang Machinery Co., Ltd,
Shanghai, China) at 140°C for 15 min. The formula-
tions of the various LDPE/LDH samples are sum-
marized in Table I. After blending, the samples were
hot-pressed into sheets with a suitable thickness
under 10 MPa for 10 min at 140°C.

Measurements

The X-ray diffraction (XRD) patterns were recorded
at room temperature (RT) on a X'Pert Pro Super
apparatus (Philips Electronics Ltd., Eindhoven,
Netherland) with a Cu Ko tube and a nickel filter
(wavelength = 0.1542 nm) at a scan rate of 0.0167°/
s. The d-spacings of the different samples were
determined with Bragg’s law.

Transmission electron microscopy (TEM) images
were obtained on a JEOL 2010 transmission electron
microanalyzer (JEOL Ltd, Tokyo, Japan) with an accel-
eration voltage of 200 kV. The samples were ultrami-
crotomed with a diamond knife on an LKB Pyrami-
tome to produce 100-nm-thick slices. Then, the slices
were transferred from water to a copper grid.

A MCC-2 microscale combustion calorimeter
(Govmark Organization Inc., Farmingdale, New York,
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TABLE I
Compositions of Various LDPE/LDH Samples

Composition (phr)

Sample LDPE LDPE-g-MA LDH-NO; LDH-DS LDH-SA
LDPE 95 5 — — —
LDPE/LDH-NO; 95 5 5 — —
LDPE/LDH-DS 95 5 — 5 —
LDPE/LDH-SA 95 5 — — 5

United States) was used to investigate the molecu-
lar-level flame-retardant properties of the materials
according to ASTM D 7309-07. Approximately 5-mg
samples were thermally decomposed in an oxygen-
ated environment at a constant heating rate of 1 K/
s. Various parameters were measured: the heat
release rate (HRR), PHRR, temperature at PHRR
(Trrrr), and total heat release (THR). Usually, three
measurements were taken for each sample.

The Fourier transform infrared (FTIR) spectra
were recorded with a Magna IR 750 spectrometer
(Nicolet Instrument Co., Madison, Wisconsin, United
States) equipped with a heating device with a tem-
perature controller. The relative concentration of
alkyl groups was calculated with the intensity ratio
of the related peak height to the maximum height of
the 2925-cm ™! peak at the thermooxidative degrada-
tion temperature.

The transmittance of an LDPE/LDH sheet with a
0.2-mm thickness in the wavelength range of 400-800
nm was recorded on a TU-1901 ultraviolet—visible
spectrophotometer (Beijing Purkingji, Beijing, China).

Thermogravimetric analysis (TGA) was performed
on a TGA-50H thermal analyzer (Shimadzu Corpo-
ration, Kyoto, Japan) at a scan rate of 10°C/min
under an air flow rate of 2 x 107> m®/min. Usually,
three measurements were taken for each sample.

The mechanical properties were measured with a
DCS5000 universal testing machine (Shimadzu Corpo-
ration, Kyoto, Japan) at 25 = 2°C. The crosshead speed
was 25 mm/min. The dumbbell-shaped specimens
were prepared according to ASTM D 412-87. Usually,
five specimens were analyzed to determine the aver-
age value for each sample.

RESULTS AND DISCUSSION

Structural characterization of the LDPE/LDH
nanocomposites

Figure 1 shows the FTIR spectra of LDH-NO;, LDH-
DS, and LDH-SA samples. All the samples had
absorption bands from O—H stretching at approxi-
mately 3500 em' and a & (H—OH) vibration at
approximately 1630 cm ™' arising from the hydroxide
layers and interlayer water. The lattice vibration of the
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M—0O and O—M—O0O groups (M = Mg or Al) was in
the 500-800-cm ' region. The absorption bands at
1384 cm ! in the FTIR spectrum of LDH-NO; were
associated with the asymmetric stretching vibration of
the NO3 anions.”! The FTIR spectrum of the LDH-DS
sample shows strong absorption at 1226 cm ™', which
was assigned to the stretching of RSO,.** The band at
1542 cm ™' for the LDH-SA sample may have resulted
from the carboxylate asymmetric stretching.” In addi-
tion, characteristic absorption bands of —CHj; and
—CH,— groups can be clearly observed at 2800-3000
cm ! in the spectra of the LDH-DS and LDH-SA
samples. These results indicate that DS~ or SA™ was
intercalated into the layers of LDH.

Figure 2(A) shows the XRD patterns of LDH-NO;,
LDH-DS, and LDH-SA in the 26 range of 10-60°.
The sharp diffraction peaks reveal that the LDHs
had typical, well-ordered layer structures. The (003)
diffraction peak of LDH-NO; at 20 = 11.2° corre-
sponded to a basal spacing of 0.76 nm. The same
diffraction peak was shifted to approximately 20 =
7° for LDH-DS and to a lower angle for LDH-SA. A
weak peak at approximately 11.6° can also be
observed in Figure 2(A) for LDH-DS and LDH-SA;
this was caused by a small amount of carbonate that
formed from CO, dissolved in the solution. The
contamination of carbonate ions was difficult to
avoid, as reported in the literature.®* Figure 2(B)

LDH-NO,
X 1384
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<

£ LDH-DS
g 1226

g

= LDH-SA

1542

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 1 FTIR spectra of LDH-NO3;, LDH-DS, and LDH-
SA samples.
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Figure 2 (A) Wide-angle XRD patterns of LDH-NO;, LDH-
DS, and LDH-SA samples and (B) low-angle XRD patterns of
LDH-DS, LDH-SA, and LDPE/LDH nanocomposites.

shows the XRD patterns of LDH-DS, LDPE/LDH-
DS, LDH-SA, and LDPE/LDH-SA samples in the
low-angle range of 20 = 1.0-10°. The basal spacings
of LDH-DS and LDH-SA were determined to be
2.67 and 3.76 nm from the (001) diffraction peaks at
20 values of 3.36 and 2.38°, respectively. The
increased basal spacing of LDH-DS and LDH-SA
indicated that DS™ and SA™ entered the interlayers
of LDH. Figure 2(B) also shows that the basal spac-
ing expanded to approximately 4.96 nm, and the
(001) diffraction peak became very broad for
the LDPE/LDH-DS sample. This indicated that the
interlayers of LDH-DS were intercalated by LDPE
chains and partially exfoliated in the LDPE matrix
during melt intercalation.> However, the (001)
diffraction peak of the LDPE/LDH-SA sample dis-
appeared, and this indicated that LDH-SA was com-
pletely exfoliated in the LDPE matrix.

The microstructure of LDPE/LDH-NO;, LDPE/
LDH-DS, and LDPE/LDH-SA samples was further

studied with TEM. Figure 3 presents TEM images of
LDPE/LDH-NO;, LDPE/LDH-DS, and LDPE/
LDH-SA samples. Large and unevenly dispersed
LDH aggregation with a thickness greater than 500
nm was observed [Fig. 3(A,B)]. This may have been
due to the strong attraction force of the LDH-NO;
layers, which made LDPE/LDH-NO; difficult to
intercalate or exfoliate in the LDPE matrix. However,
LDH layers with intercalated structures (shown by
the white arrows) and a few exfoliated LDH layers
(shown by the black arrows) could be observed [Fig.
3(C,D), respectively]. The results indicate that the
dispersion state of LDH in the LDPE/LDH-DS sam-
ple was better than that in LDPE/LDH-NO;. Figure
3(E,F) shows that the LDH layers were exfoliated
and dispersed in a disordered fashion in the LDPE
matrix for the LDPE/LDH-SA nanocomposites. The
lateral sizes of the exfoliated LDH layers were calcu-
lated to be approximately 100-200 nm.

F

Figure 3 TEM images at different magnifications (500 and
200 nm) of various LDPE/LDH samples: (A,B) 5 phr LDH-
NO;, (C,D) 5 phr LDH-DS, and (E,F) 5 phr LDH-SA.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 4 HRR curves of neat LDPE and various LDPE/
LDH samples. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

These TEM data were in good agreement with
the XRD data, which provided evidence that an
organo-LDH intercalated with DS or SA could be sig-
nificantly nanodispersed in an LDPE matrix with inter-
calated structures simultaneously with partially exfoli-
ated structures or exfoliated structures via melt
intercalation, respectively. The better dispersion of
LDH-SA versus LDH-DS in the LDPE matrix may have
been due to the larger basal spacing of LDH-SA versus
LDH-DS, which made it easier for LDPE chains to pene-
trate the interlayers of LDH during melt intercalation.”

Flame-retardant properties of the LDPE/LDH
nanocomposites

Microscale combustion calorimetry (MCC) has
become one of the most effective bench-scale methods
for investigating the combustion properties of poly-
mer materials. MCC uses oxygen consumption calo-
rimetry to measure the rate and amount of heat. The
heat is produced by the complete combustion of fuel
gases generated during the controlled pyrolysis of a
milligram-sized sample.”” HRR is the most important
parameter in evaluating the fire hazard of materials.
Figure 4 presents HRR curves of neat LDPE,
LDPE/LDH-NO;, LDPE/LDH-DS, and LDPE/
LDH-SA samples. The corresponding combustion
data are presented in Table II. Table II shows that

TABLE II
Part Data Recorded in the MCC Experiments

PHRR reduction

PHRR with respect THR  Tpurr
Sample w/g) to LDPE (%) /g (O
LDPE 1230 — 43.3 491
LDPE/LDH-NO; 1170 5 41.5 488
LDPE/LDH-DS 1051 14.5 404 483
LDPE/LDH-SA 898 27 40.1 481
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Figure 5 TGA and DTG curves of LDPE and various
LDPE/LDH samples.

PHRR of neat LDPE was 1230 w/g. However, PHRR
decreased sharply with the addition of LDH. The
PHRR values were 1170, 1051, and 898 w/g for the
LDPE/LDH-NO;, LDPE/LDH-DS, and LDPE/
LDH-SA samples, respectively, and they were
reduced by 5, 14.5, and 27%, respectively, in com-
parison with the value for neat LDPE. THR showed
the same trend as PHRR for the LDPE/LDH sam-
ples. The exfoliated LDPE/LDH-SA nanocomposite
had the lowest THR value among all the samples, as
shown in Table II. These results indicate that nano-
scale-dispersed LDH layers (especially exfoliated
LDH layers) can greatly enhance the flame-retardant
properties of polymeric materials. However, the
addition of LDH decreased Tpyrr for the LDPE/
LDH samples, and this may have been caused by
the initial thermal decomposition of the interlayer
anions, as reported in the literature.”

Thermooxidation stability of the LDPE/LDH
nanocomposites

Figure 5 illustrates the TGA and differential ther-
mogravimetry (DTG) curves of neat LDPE, LDPE/
LDH-NO,;, LDPE/LDH-DS, and LDPE/LDH-SA
samples. The LDPE/LDH samples had higher ther-
mal stability than neat LDPE in the range of 300-
550°C. Detailed analysis data are given in Table IIL
The initial decomposition temperatures at a 5 wt %
weight loss for LDPE/LDH-NO;, LDPE/LDH-DS,
and LDPE/LDH-SA samples were 326, 347, and
348°C, respectively, which were 1, 22, and 23°C
higher than the initial decomposition temperature at
a 5 wt % weight loss for neat LDPE (325°C). The
temperatures of the maximum mass-loss rate were
423, 435, and 449°C, respectively, and were 9, 21,
and 35°C higher than the temperature of the maxi-
mum mass-loss rate for neat LDPE (414°C). When
the 50% weight loss was selected as a point of com-
parison, the thermal decomposition temperatures for
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TABLE III
Thermal Degradation Temperatures at Different Stages
and Residues Obtained from TGA for LDPE
and Various LDPE/LDH Samples

Sample Tonset (OC)a Tmax (oc)b T045 (OC)C
LDPE 325 414 401
LDPE/LDH-NO; 326 423 413
LDPE/LDH-DS 347 435 426
LDPE/LDH-SA 348 449 436

@ Thermal degradation temperature at a 5 wt % weight
loss.

" Thermal degradation temperature at the maximum
loss rate of the degradation stage.

¢ Thermal degradation temperature at a 50 wt % weight
loss.

neat LDPE, LDPE/LDH-NO;, LDPE/LDH-DS, and
LDPE/LDH-SA samples were determined to be 401,
413, 426, and 436°C, respectively. Obviously, exfoli-
ated LDH was better for improving the thermal stabil-
ity of LDPE than microdispersed or intercalated LDH.

Figure 6 shows dynamic FTIR spectra obtained
from the thermooxidative degradation of neat LDPE,
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LDPE/LDH-NO;, LDPE/LDH-DS, and LDPE/
LDH-SA samples in the condensed phase with the
pyrolysis temperature increasing from RT to 500°C.
Notably, all the samples showed peaks at 2925, 2845,
1455, and 1346 cm™'. The peak at 2925 cm ' was
assigned to the asymmetric stretching vibration of
the CH, group, whereas the peak at 2845 cm ' was
assigned to the symmetric stretching vibration of the
CH, group. The peak at 1455 cm ™' was assigned to
the asymmetric deformation vibration of the CH,
group, whereas the peak at 1375 cm ™' was assigned
to the symmetric deformation vibration of the CH,
group.””® The intensities of all these peaks for all
the samples decreased rapidly with the pyrolysis
temperature increasing because of the thermooxida-
tive degradation of the polyethylene main chains.
Figure 7 shows the changes in the relative peak
intensities at 2925 ¢cm ' with the pyrolysis tem-
perature for neat LDPE, LDPE/LDH-NO;, LDPE/
LDH-DS, and LDPE/LDH-SA samples. The ther-
mooxidation rates of all the samples were almost the
same from RT to approximately 200°C. However,
when the temperature was higher than 200°C, the
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Figure 6 Dynamic FTIR spectra at different thermooxidative temperatures: (A) neat LDPE, (B) LDPE/LDH-NO;, (C)

LDPE/LDH-DS, and (D) LDPE/LDH-SA.

Journal of Applied Polymer Science DOI 10.1002/app



322

100 -
) ‘\
g \
g 80 1
S
a

60 -
% —=—LDPE
> —e— LDPE/LDH-NO,
‘@ 404 —a—LDPE/LDH-DS
£ —*— LDPE/LDH-SA
2 201 .
‘('U‘ L
S
o 04
T T T T T T T T T 1
0 100 200 300 400 500

Temperature °C

Figure 7 Relative peak intensities of the absorbance at
2925 cm ! assigned to the —CH,— or —CHj; asymmetric
vibration in LDPE and its nanocomposites.

relative peak intensities of the LDPE/LDH samples
at 2925 cm ™! were much higher than those of neat
LDPE. LDPE/LDH-SA had the slowest thermal py-
rolysis rate, as shown in Figure 7. This apparent
improvement of the thermal stability for the exfoli-
ated LDPE/LDH nanocomposites can be explained
as follows: at the high temperature, the exfoliated
LDH layers acted as heat insulators and mass trans-
port barriers and played a key role in preventing
further degradation and weight loss of the polymer.

Mechanical properties of the LDPE/LDH
nanocomposites

The mechanical properties of LDPE and three kinds of
LDPE/LDH samples are listed in Table IV. All the
LDPE/LDH samples had decreased values of the ten-
sile strength and elongation at break in comparison
with the neat LDPE resin. The mechanical properties
of a filled polymer material depend on two principal
factors: the crystallinity of the 3polymer and the rein-
forcement effect of the fillers.® Figure 8 shows the
XRD patterns of neat LDPE, LDPE/LDH-NO;,
LDPE/LDH-DS, and LDPE/LDH-SA samples in the
20 range of 5-60°. The intensities of the (110) and (200)
diffraction peaks of LDPE decreased after the addition

TABLE IV
Mechanical Properties and Crystallinity of LDPE
and Various LDPE/LDH Samples

Tensile
strength ~ Elongation at  Crystallinity
Sample (MPa) break (%) (%)
LDPE 14.8 873 45.3
LDPE/LDH-NO; 8.5 171 38.6
LDPE/LDH-DS 114 648 36.5
LDPE/LDH-SA 11.8 678 35.3
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Figure 8 XRD patterns of LDPE and its nanocomposites
in the 26 range of 5-60°.

of LDH, and this indicated a decrease in the crystalli-
nity of the LDPE matrix. The crystallinity of the neat
LDPE matrix was analyzed on the basis of the XRD
diffraction patterns with the following expression:***

= (2 + 1)1+ 2 4 2

where 7. is the crystallinity of the neat LDPE matrix
and I, and I"* are the areas under the amorphous
halo and the hlk reflections, respectively. Table IV
lists the crystallinity values of neat LDPE, LDPE/
LDH-NO;, LDPE/LDH-DS, and LDPE/LDH-SA
samples. The crystallinity values of LDPE/LDH-
NO;, LDPE/LDH-DS, and LDPE/LDH-SA samples
were measured to be 38.6, 36.5, and 35.3%, respec-
tively; they were much lower than the value for the
neat LDPE (45.3%). The decrease in the crystallinity
upon the addition of LDH may be attributed to the
higher interfacial area and adhesion between the
LDPE matrix and LDHs (especially for the exfoliated
LDH layers), which reduced the mobility of crystal-
lizable chain segments. The same ghenomenon has
been mentioned in the literature.”® Therefore, the
decreased mechanical properties of the LDPE/LDH
samples could be attributed to the decreased crystal-
linity of the LDPE matrix. However, the LDPE/LDH
nanocomposites showed better mechanical perform-
ance (higher tensile strength and elongation at
break) than the LDPE/LDH-NO; composite. The
increase in the tensile strength could be related to
the reinforcement brought by the very stiff, high-as-
pect-ratio nanoclays, which interacted across a very
large total interfacial area with the matrix.**

Optical properties of the LDPE/LDH
nanocomposites

Figure 9 shows the transparency of LDPE and
various LDPE/LDH samples. The transmittance of
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Figure 9 Transmittance of 0.2-mm-thick LDPE and vari-
ous LDPE/LDH samples.

various LDPE/LDH samples was lower than that of
neat LDPE because of the strong scattering of the
LDH particles. However, the transmittance of the
LDPE/LDH nanocomposites was better than that of
the LDPE/LDH-NO; sample. The different transmit-
tances of various LDPE/LDH samples could be
attributed to the different dispersion states of the
LDH layers in the LDPE matrix. LDH-NO; agglom-
erated in the LDPE matrix and deflected or reflected
the light greatly. However, the layers of LDH-DS
and LDH-SA were intercalated or exfoliated in the
LDPE matrix. The single LDH layer did not deflect
or reflect the light because its size was smaller than
the wavelength of light. Therefore, the scattering
effect of LDH particles in the LDPE/LDH nanocom-
posites was reduced, and the LDPE/LDH nanocom-
posites showed higher transmittance. As shown in
Figure 9, the transmittance of the LDPE/LDH-SA
nanocomposite was very close to the transmittance
of neat LDPE. These results indicated that the optical
clarity remained high when LDH was exfoliated in
the polymer matrix.

CONCLUSIONS

LDPE/LDH nanocomposites were successfully pre-
pared via a melt-intercalation process with organi-
cally modified LDH. The XRD and TEM results
showed that the LDPE/LDH-DS sample had interca-
lated structures simultaneously with partially exfoli-
ated structures, and the LDPE/LDH-SA sample had
exfoliated structures. This may have been due to the
larger basal spacing of LDH-SA versus LDH-DS.
The MCC data demonstrated that the exfoliated
LDH layers significantly reduced the HRR and
PHRR values of the nanocomposites. The TGA and
dynamic FTIR results showed that the exfoliated
LDPE/LDH nanocomposites had higher thermooxi-

dative stability and a much slower thermal oxidation
rate than neat LDPE, LDPE/LDH-NO; microcompo-
sites, and LDPE/LDH-DS nanocomposites. The me-
chanical tests showed that the values of the tensile
strength and elongation at break for LDPE/LDH
decreased to some extent in comparison with neat
LDPE because of the decrease in the crystallinity of
the LDPE matrix. However, because of the nanoscale
dispersion of the LDH layers in the polymer matrix,
the LDPE/LDH nanocomposites had better mechani-
cal properties than the LDPE/LDH microcomposites.
Moreover, the optical clarity remained high when
LDH was exfoliated in the polymer matrix.
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