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Manufacture and Characterization of Biodegradable
Nanocomposites Based on Nanoscale MgAl-Layered
Double Hydroxide Modified with N,N0-(Pyromellitoyl)-
bis-L-Isoleucine Diacid and Poly(vinyl alcohol)

Shadpour Mallakpour1,2 and Mohammad Dinari1,2
1Organic Polymer Chemistry Research Laboratory, Department of Chemistry,
Isfahan University of Technology, Isfahan, Islamic Republic of Iran
2Nanotechnology and Advanced Materials Institute, Isfahan University of Technology,
Isfahan, Islamic Republic of Iran

Bionanocomposite films of poly(vinyl alcohol) (PVA) with Mg-Al
LDHs were prepared with different compositions by solution-
intercalation method. N,N0-(Pyromellitoyl)-bis-L-isoleucine diacid
was synthesized and it was used for organo-modification of chiral
MgAl-LDH in distilled water. Hybrid films of PVA and modified
chiral LDH were prepared under ultrasonic irradiation technique.
The effect of LDH contents on thermal, physicomechanical, and
morphological properties of PVA films were investigated by using
X-ray diffraction, Fourier transform infrared, thermogravimetric
analysis, field emission scanning electron microscopy and trans-
mission electron microscopy techniques. Mechanical data indicated
improvement in the tensile strength and modulus with increasing of
the LDH loading until 4%.

Keywords Layered double hydroxides (LDHs); Mechanical
properties; Nanocomposites; Poly(vinyl alcohol);
Ultrasonic irradiation

INTRODUCTION

Due to environmental problems and the petroleum
resource exhaustion caused by nondegradable petroleum-
based plastic products, increasingly attentions have been
paid on the biodegradable polymeric materials. Recently
many biodegradable materials, including poly(vinyl alco-
hol) (PVA), poly(e-caprolate), poly(lactic acid), and poly
(hydroxyalkanoate)s, have been increasingly concerned
by researchers and industries[1]. Among these eco-friendly
materials, much attention is focused on PVA because of
their excellent biodegradability and biocompatibility as well

as outstanding mechanical properties in comparison with
conventional general plastics[2,3].

PVA is a colorless, odorless, and tasteless synthetic poly-
meric compound that is soluble in water, somewhat soluble
in ethanol, and insoluble in any other organic solvent.
PVA was discovered by Hermann and Haehnel in 1924 by
hydrolyzing polyvinyl acetate in ethanol with potassium
hydroxide[4]. PVA has good properties for forming film,
emulsion, and adhesion as it is resistant to grease, oil,
oxygen and aroma[5,6]. It also has high tensile strength and
flexibility, but these properties rely on the amount of
humidity present. PVA is also used as a sizing or strengthen-
ing agent to yarn and paper and as a base for other resins[4–7].

Because of extensive application of PVA, many attempts
have been accomplished to improve the properties of this
polymer. Preparation of blends or conventional composites
using inorganic or natural fillers, are among the routes to
improve some of the properties of biodegradable polymers.
Nano-reinforcements of biodegradable polymers have
strong promise in designing eco-friendly green nanocompo-
sites (NCs) for several applications[8–12]. Biodegradable NCs
consisting of biodegradable polymers and layered silicates
(organically modified or not) frequently exhibit remarkably
improved thermal, mechanical and various other properties
when compared to those of virgin polymers[13,14].

The main reason for these improved properties in NCs is
the stronger interfacial interaction between the matrix
and layered silicate, compared with conventional filler-
reinforced systems. Various nano-reinforcements are
currently being developed, but the most greatly researched
type of NCs uses layered silicate clay mineral as the rein-
forcing phase due to its easy availability, low cost and more
importantly because it is environmentally friendly[15–18].

Hydrotalcite was discovered in Sweden in 1842 and
was given the general chemical formula Mg6Al2(CO3)
(OH)16 � 4(H2O). By the 1930s, Feitknecht conducted many
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studies on the synthesis, stability, solubility and structural
determination of these materials and regarded them as dou-
ble layered materials[19,20]. Layered double hydroxides
(LDHs) are known as hydrotalcite-like compounds due to
their structural similarity, and are a family of natural and
synthetic compounds having the common formula of
MII

1�xM
III

x OHð Þ2
� �

An�ð Þx=nyH2O, where MII and MIII

represent divalent and trivalent metals, respectively, and
An- is the anion between the layers. The value of the stoi-
chiometric coefficient (x) may be varied over a wide range,
giving rise to a large class of isostructural materials [21,22].
However, if x values are outside this range, between 0.2
and 0.4, hydroxides, or other compounds as impurities,
may form[20]. LDHs, such as hydrotalcite, are anion
exchangeable compounds containing metal hydroxides.
These anions and water molecules are attracted to the space
between the brucite layers to compensate for the positive
charges created by the cation substitution[23,24].

LDHs can be used for several applications due to their
ability to vary the various components and different chemi-
cal properties of the compound in incipient or derivative
form. They have extensive applications, which include use
as additives in polymers, as precursors to magnetic materi-
als, in biology and medicine, as anti-corrosion coatings, as
components in optical or magnetic devices, as sensors, in
catalysis, and in environmental remediation[23–30]. Owing
to its layered structure, LDH is an outstanding choice as
nanofiller considered for preparation of multifunctional
polymer=layered crystal NCs[31]. But, its use as nanofiller
is limited by its layers high-charge density and high content
of anionic species and water molecules. To facilitate the
intercalation of polymer in the layers of LDH or to achieve
a good degree of the layer dispersion in polymer matrices,
the interlayer space should be modified with appropriate
organic anions with intention of increasing both the inter-
layer distance and the hydrophobicity of LDH layers[32–35].
LDHs containing interlayer carboxylate anions have
attracted considerable attention in recent years due to inter-
esting properties and potential applications, e.g., LDH
modified with citrate, malate, and tartrate ions are able to
take up hazardous organic materials and heavy metal ions
from an aqueous solution[36].

Recently, NCs of PVA and LDH have been developed
and the results showed that the final properties of the hybrid
materials were improved[35–41]. Stimulated from these inves-
tigations, in this study, the aim is exploration of the effect
of novel chiral modified LDH on the thermal, structural
and morphological properties of PVA matrix by a solution
casting method. The chiral dicarboxylate anion of N,N0-
(pyromellitoyl)-bis-isoleucine diacid was prepared in
NaOH solution. Different amount of this novel modified
LDH was used for the synthesis of PVA=modified LDH
NCs under simple ultrasonic process. The properties of
the hybrid materials were studied by X-ray diffraction

(XRD), Fourier transform infrared (FT-IR) and thermo-
gravimetric analysis (TGA), field emission scanning
electron microscopy (FE-SEM), transmission electron
microscopy (TEM) and mechanical properties.

EXPERIMENTAL

Materials

PVA (99% hydrolysis, weight-average molecular
weight¼ 72,000 g=mol), L-isoleucine amino acid, pyromel-
litic dianhydride (PMDA) and sodium hydroxide (NaOH)
were purchased from Merck Chemical Co (Germany).
Hydrotalcite; [(Mg6Al2(CO3)(OH)16 � 4(H2O)] was pur-
chased from Sigma-Aldrich Co. (USA).

Modification of the MgAl-LDH

At first, N,N0-(pyromellitoyl)-bis-L-isoleucine diacid
was synthesized according to our previous study [42]. Inter-
calation of dicarboxylate anions into LDH was carried out
as follows.

Modified chiral MgAl-LDH was prepared by adding
superfluous diacid (2.5 g) to a suspension of theMgAl-LDH
in 100ml of distilled water. The suspension slowly dissolved
with effervescence and a clear solution was obtained. This
solution was added dropwise to an alkaline solution
(NaOH, 2.0 g) in 100ml of distilled water and maintaining
the pH above 9. The resulting white precipitate was aged
for 24 h at 65�C, and then filtered until all of the supernatant
liquid was removed. The sample was washed several times
with large amounts of distilled water, and then dried at
70�C in a vacuum oven to giving the modified chiral LDH.

Synthesis of PVA/LDH BNCs

PVA=modified chiral LDH BNCs were synthesized by a
solution-intercalation method using ultrasound energy: At
first, distilled water was mixed with modified LDH to
form clay=water suspension of �2.5% concentration. The
suspension was stirred for 3 h at 40�C and sonicated for
1 h. Then, PVA was added to the stirred suspensions to
make the total solid concentration w¼ 5%. The mixture
was then heated to 90�C for 6 h to dissolve PVA. The mixed
solution was condensed and the total solid concentration
controlled at w¼ 10%. After being sonicated for 1 h, the
final films were made via casting on a Petri dish in a closed
oven at 40�C for 24 h.

Characterization Techniques

The reaction was carried out on a MISONIX (USA)
ultrasonic liquid processor, XL-2000 SERIES. The ultra-
sound had a frequency of 2.25� 104Hz and power of 100W.

The interlayer spacing of the nanohybrids was measured
by an XRD (Bruker, D8 Advance, Germany) with Cu Ka
radiation (k¼ 0.1542 nm) at 45 kV and 100mA. The diffrac-
tion patterns were collected between 2h of 1.2o and 80o at a
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scanning rate of 0.05�=min. Basal spacing were determined
from the position of the d(001) reflection. The d-spacing of
the organic montmorillonite was analyzed by using Bragg’s
equation (nk¼ 2d sinh), where n is an integer, k is the
wavelength, h is the glancing angle of incidence, and d is
the interplanar spacing of the crystal.

FT-IR spectra were recorded on JASCO-680 (Japan)
spectrophotometer with 2 cm�1 resolution. The KBr pellet
technique was applied for monitoring changes in the FT-IR
spectra of the samples in the range of 4,000–400 cm�1.
The vibrational transition frequencies are reported in
wavenumbers (cm�1).

TGA was performed on a STA503 TA instrument in a
nitrogen atmosphere by heating rate of 10�C=min from
ambient temperature to 800�C at nitrogen atmosphere.

The morphology of theMLDH and BNCs was examined
by FE-SEM (HITACHI; S-4160, Japan]. The powdered
sample was dispersed in H2O, and then the sediment was
dried at room temperature before gold coating.

The dispersion of the nanoclay within the medium has
been controlled by TEM. The TEM images were obtained
from a Philips CM120 (Netherlands) using an accelerator
voltage of 100 kV. For TEM, NCs were suspended in water
and a small drop of suspension was than deposited on the
carbon coated copper grid. The inorganic components
appear black=grey colored in the TEM micrographs.

Tensile testing was performed at room temperature on a
Testometric Universal Testing Machine M350=500 (Mainz,
Germany), according to ASTM D 882 (standards). Tests
were carried out with a cross-head speed of 12.5mm=min
until reaching a deformation of 20% and then, at a speed
of 50mm=min at break. The dimensions of the test speci-
mens were 35� 2� 0.04mm. Property values reported here
represented an average of the results for tests run on at least
five specimens. Tensile strength, tensile modulus, and strain
were obtained from these measurements.

RESULTS AND DISCUSSION

Preparation of Modified Chiral LDH and PVA/Modified
LDH BNCs

In this study natural L-isoleucine amino acid was used as
building blocks for efficient synthesis of novel potentially
biodegradable and chiral nanohybrid material of LDH=
dicarboxylate via simple an ion exchange reaction. An opti-
cally active diacid was synthesized from the reaction of
PMDA and L-isoleucine amino acid (Sch. 1a)[42]. Obtained
diacid exhibited specific rotations (½a�25D ¼ �88:5; measured
at a concentration of 0.5 g=dL in DMF at 25�C). This com-
pound was used for preparation of novel modified chiral
LDH. Because the L-isoleucine amino acid is chiral, the
nanohybrid is created a chiral environment in the modified
LDH. The spatial orientation of the chiral dicarboxylate=
LDH is shown in Scheme 1b. As a possible model, chiral

dicarboxylate was considered to be arranged vertically or
horizontally to the LDH basal layer. The scheme only
serves to emphasize the process of adsorption and does
not provide information on the order in which the adsorb-
ent molecule is present along with carboxylate ion ionically
bound on the surface.

In view of the fact that PVA has a strong tendency to
form hydrogen bonding within itself and with other species
containing highly electronegative groups, this biodegrad-
able compound was used for the synthesis of new hybrid
materials. The adsorption of PVA onto surfaces of modified
chiral LDH is presumed to occur through hydrogen bond-
ing. Apart from hydrogen bonding, van der Waals forces
between polymer segments and modified LDH surface
would also play an important role in the overall adsorption
process. The possible interaction between PVA and modi-
fied LDH are shown in Scheme 2.

Characterization

FT-IR Study

The FT-IR studies were performed to understand the
possible chemical interactions between the PVA matrix
and LDH layers. The MgAl-LDH, modified LDH, and
chiral dicarboxylic acid which were used for modification
of LDH were confirmed by inspection of the FT-IR spectra
(Fig. 1). The spectra of all materials show very broad bands
centered at above 3300 cm�1, relating to the OH stretching
vibration of hydroxyl groups of the host layers and to the
interlayer and physically absorbed water molecules[43]. The
bending vibration of the interlayer H2O is also reflected in
the broad bands around 1590 cm�1. The band characteristic
to metal-oxygen bond stretching appears below 700 cm�1.

The sharp bands around 780, 554 and 440–450 cm�1

are caused by various lattice vibrations associated with
metal hydroxide sheets (Fig. 1). The FT-IR spectrum of
L-isoleucine containing dicarboxylic acid showed a broad
and strong peak between 2800–3500 cm�1, which was
assigned to the COOH groups and absorption bands at
1780 and 1700 cm�1, which are characteristic peaks for
imide rings and acidic groups, respectively.

The absorption bands at 2930–3100 cm�1 correspond to
the nasym and nsym C-H modes of CH2 group in the chiral
dicarboxylate molecules (Fig. 1). The FT-IR spectrum of
modified LDH show two types of bands: one corresponding
to the chiral anionic species intercalated and other corre-
sponding to the host LDH materials (Fig. 1). The band
around 447 cm�1 results from the lattice vibration of the
hydroxide sheet and the broad band in the range 3200–
3700 cm�1 mainly from O–H groups of the hydroxide
layers. The appearance of characteristic bands for CO3

2�

indicates that still some CO3
2� exist in the interlayer region.

In addition to carbonate ions retained during the calci-
nation process, carbonate ions could be adsorbed during
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the regeneration process from the atmospheric CO2

dissolved in the dispersion medium.
However, a broad band or shoulder is observed in all

modified samples in the range 1600–1640 cm�1, which

may indicate the presence of H2O molecules as bending
vibration appears in this region. The absorption bands at
2930–3100 cm�1 correspond to the nasym and nsym (C-H)
modes of CH2 group in the chiral dicarboxylate molecules.

SCH. 2. Preparation of PVA=MLDH BNCs.

SCH. 1. (a) Preparation of chiral dicarboxylic acid and (b) proposed models for the modification of MgAl-LDH.
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The other dicarboxylate bands originated from various
functional groups are also found at 1740–1700 cm�1

(C¼O), and 1300–1000 cm�1 (C-O). The band broadening
by intercalation results from the electrostatic interaction
between chiral dicarboxylate molecules and hydroxide
sheets to suggest their safe stabilization in the interlayer
space of LDH (Fig. 1).

Neat PVA shows a broad absorption peak around
3100–3500 cm�1, which is due to the presence of hydroxyl
groups of the PVA molecules and adsorbed water. The
absorption peak in the region of 2942 cm�1 is due to stretch-
ing vibrations of -CH and CH2 groups, respectively. Peak at
1420 cm�1 may correspond to vibration of CH aliphatic
bond in the PVA molecules. The band observed at
1713 cm�1 is as a result of the carbonyl functional groups
of residual acetate groups (1–2%) remaining after the manu-
facture of PVA from hydrolysis of poly(vinyl acetate)
(Fig. 2). In BNC4% and BNC8% the presence of the typical
bands of pure PVA and modified LDH are confirmed in
these spectra (Fig. 2).

X-ray Diffraction

The XRD patterns of the MgAl-LDH, modified LDH,
neat PVA, BNC4% and BNC8% are shown in Figure 3.
The main diffraction peaks of the MgAl-LDH (d003¼ 0.76
and d006¼ 0.38 nm) were observed in Figure 3. After
modification of MgAl-LDH with chiral dicarboxylate,
these diffraction peaks were shifted to lower angles. The
position of the basal reflections of modified sample is shifted
to higher d value indicating the expansion in the interlayer
distance (Fig. 4). The modified LDH don’t shows a distinct
reflection at d¼ 0.76 nm. The XRD patterns of the modified
LDH showed the expanding LDH structure with a sharp
(003) spacing of 1.53 nm in Figure 3.

In the XRD pattern of the neat PVA, due to high
hydrogen bond in the hydroxyl groups, a semicrystalline
structure was exhibited. Two peaks for the PVA were
found, one peak with high intensity, appears at about
2h¼ 19.5o and another peak appears at about 2h¼ 41o.
The XRD patterns of the PVA=modified LDH BNCs

FIG. 2. FT-IR spectra of the modified LDH, neat PVA, BNC4% and

BNC8%.

FIG. 3. XRD patterns of the different samples.

FIG. 1. FT-IR spectra of diacid, modified LDH and MgAl-LDH.
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(4% and 8%) are characterized by the disappearance of the
diffraction peaks corresponding to the LDH irrespective of
the variation in LDH content. This complete disappear-
ance of LDH peaks may be due to the partial exfoliated
structure, in which the gallery height of intercalated layers
is large enough and the layer correlation is not detected by
XRD (Fig. 3). Although XRD provides a partial picture
about distribution of nanofiller and disappearance of peak
corresponding to d-spacing does not always confirm the
exfoliated BNCs, a complete characterization of BNC
morphology requires microscopic investigation.

FE-SEM

The FE-SEM micrograph of MgAl-LDH, modified
LDH, and PVA=modified LDH BNC containing 4 and
8wt.% of modified LDH nanoparticles are shown in
Figure 4. The FE-SEM image of pure LDH reveals the nat-
ure of LDH particles, which roughly consists of plate-like
shape stacked on top of each other with lateral dimensions
ranging over few micrometer and thickness over few hun-
dreds nanometer (Figs. 4a–4c). The morphological feature
of the modified LDH is similar to the unmodified LDH. It
appears more floppy compared to unmodified LDH

FIG. 4. FE-SEM photographs of (a–c) MgAl-LDH, (d–f) modified LDH, (g–i) BNC4% and (j–l) BNC8%.
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(Figs. 4d–4f). The FE-SEM images of PVA=modified LDH
BNC 4% and 8% show that the morphology is changed
(Figs. 4g–4l). This morphological change can be attributed
to the re-ordered crystalline phase of the PVA matrix in
the present of modified LDH, causing a packed network.
It seems that the particles are distributed uniformly in the
polymer matrix.

TEM

Typical TEM images of modified LDH, BNC4% and
BNC8% are shown in Figure 5. For modified LDH, the
platelets have a hexagonal shape with rounded corners.
There are no signs of aggregation visible in the micrographs
(Figs. 5a and 5b). Extensive TEM observations of BNC4%
(Figs. 5c and 5d) and BNC8% (Figs. 5e and 5f) reveal a
coexistence of organo-nanosilicate layers in the intercalated
and partially the exfoliated states. TEM micrograph shows
two-dimensional objects which are oriented largely parallel
to the grid surface and thin sheet like object with similar
lateral dimensions. The sheets have homogeneous contrast,
reflecting their ultrathin nature and uniform thickness.
According to these images with increasing amount of modi-
fied LDH some aggregation may be observed. TEM obser-
vations reveal a coexistence of modified LDH layers in the
intercalated and partially the exfoliated states (Figs. 5c–5f).

Thermal Degradation Characteristics

LDHs contain large amount of bound water due to the
presence of –OH group on the metal hydroxide sheets and
some free water molecules in the interlayer region. The com-
parison of the TGA plots of the modified LDH with that of
the unmodified one gives an indication how the interlayer
surfactants anions influence the decomposition of the host
material. The most widely reported proposition suggests a
two-stage decomposition process: a low temperature (up
to about 225�C) dehydration stage due to the loss of inter-
layer water and a high temperature decomposition (225–
500�C) stage due to the loss of interlayer carbonate and
dehydroxylation of the metal hydroxide layer[44,45]. The
thermal decomposition analysis of the unmodified LDH
and its modified forms is presented in Figure 6. The low
temperature decomposition step in the unmodified LDH
lies below 230�C. The high temperature decomposition of
the unmodified LDH takes place in two distinct steps with
decomposition peaks around 300 and 430�C. The organic
modification of the LDH changes its the thermal decompo-
sition behavior in comparison to the unmodified sample,
especially the second stage of the decomposition process,
which results complete collapse of materials structure[44,45].

The improvement of thermal properties compared to the
unfilled polymer is a very important aspect of polymer=
LDH NCs. The thermal stability of PVA and its composite
materials was studied by TGA. In Figure 7, the TGA
thermograms of PVA, and four samples with 2, 4, 6 and
8wt.% of modified LDH, are compared under a N2 flow.
In the case of PVA and its BNCs, three degradation steps
can be observed. The first weight loss process, which is asso-
ciated with the loss of absorbed moisture[46] is independent
of the concentration of LDH for all samples.

All samples presented the same degree of absorbed
water, which can be inferred from the thermograms, show-
ing that the moisture levels for all the samples were almost
similar. The second weight loss process corresponds to

FIG. 5. TEM micrographs of (a and b) modified LDH, (c and d)

BNC4% and (e and f) BNC8%.

FIG. 6. TGA thermograms of LDH and modified LDH with chiral

dicarboxylate.
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degradation of the PVA by the dehydration reaction of the
polymer chain (side chain)[46]. The BNC films showed
higher resistance towards thermal degradation. In the third
weight loss process, the polyene residues are further
degraded at approximately 450�C to yield carbon and
hydrocarbons. The degradation temperature corresponding
to this weight-loss process is again independent of the LDH
content.

This result is in agreement with the near absence of inter-
actions between the residual polyene and the LDH. The neat
LDH shows better thermal stability than neat PVA and its
composites. The mechanism by which LDH clays improves
the thermal stability and flammability of polymer matrix
is similar to that observed in case of conventional metal
hydroxide-type fillers, like Mg(OH)2 and Al(OH)3

[41,42].
The endothermic decomposition of LDHs takes off heat
from the surrounding and the liberated water vapor reduces
the concentration of combustible volatile in the vicinity of
the polymer surface. As a result, the decomposition
temperature of the polymer is increased[46,47].

Mechanical Properties

Mechanical tensile tests of the films were performed to
investigate the mechanical behavior of the neat PVA and
PVA=modified LDH BNC containing 2, 4 and 8wt.% of
modified LDH. LDH has strong interfacial adhesion with
PVA due to hydrogen bonding between them. It was thus
expected that the mechanical performance of the NCs could
be improved by the rigid LDH layered nanocrystals in PVA
matrix. The representative stress–strain curves for neat PVA
and PVA=modified LDH BNCs are given in Figure 8. It can
be seen that the mechanical properties of the PVA=modified
LDH BNCs was significantly improved, compared to that
of neat PVA.

Figure 8 shows that the tensile stress increases with the
increase of the modified LDH content (when LDH loading
is less than 4wt.%), and then decreases with incorporation
of more LDH such as 8wt.%. With addition of 4wt.%
LDH into the PVA matrix, the tensile strength increased
from 61.2 (neat PVA) to 77.6MPa. At high clay loading
(BNC8%), silicate layers may stack together in the form of
tactoids, and the intergallery space does not increase much
so that more chains can travel into the space between the
layers. These large-size particles then deteriorated the
properties of the composites[48]. The elongation at break
of the BNC films was decreased with the introduction of
modified LDH, indicating that the BNCs became somewhat
brittle when compared with pure PVA because of the
increased stiffness of the composites. Such an embrittlement
phenomenon has also been observed in other LDH-
reinforced polymer systems[39,49,50]. In general, it has been
well documented that polymer-based clay NCs are much
more brittle than their neat polymer counterparts[34]. Hence,
it is still a challenge to achieve significant strengthening
without remarkably sacrificing toughness at the same time.

CONCLUSIONS

PVA=modified MgAl-LDH BNCs were synthesized with
different compositions: 0, 2, 4, 6, and 8wt.% of modified
chiral LDH, to study the effect of the LDH concentration
on the properties of the PVA=LDH films by a solution-
intercalation method using ultrasound energy. Chiral
LDH was prepared via ion exchange reaction of LDH
and N,N0-(pyromellitoyl)-bis-L-isoleucine diacid in distilled
water. The BNC films were investigated by TGA, XRD and
FT-IR techniques. The FT-IR analysis showed interaction
between the continuous PVA matrix and the LDH nano-
particle filler by hydrogen bonding through hydroxyl
groups.

FIG. 7. TGA thermograms of PVA and different PVA=modified LDH

BNCs.

FIG. 8. Stress–strain curves of neat PVA and different PVA=modified

LDH BNCs.
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The morphology of the modified LDH and PVA=
modified BNCs was examined by FE-SEM and TEM and
the results indicated that the LDH platelets are
well-distributed within the PVA matrix. Thermal stability
from TGA measurements was shown to be enhanced com-
pared with those of pure PVA. In this study since both
chiral amino acid based dicarboxylic acid and PVA are bio-
degradable and biocompatible; hence the resulting hybrid
organic-inorganic PVA=modified BNCs are expected to
be biodegradable. In addition, it should be mentioned that
amino acids are not only biocompatible materials but also
the practical sources of chemically functional materials that
have been used in different areas. Tensile strength and
modulus improved for BNCs with optimum modified
LDH content (4wt.%). Enhancement in the mechanical
properties results from the fine dispersion of the LDH
particularly up to 4wt.% in BNC materials.
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