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Abstract

Bio-based polymer blends constituting of poly(3-hydroxybutyrate) (PHB) and natural rubber (NR), prepared via solvent casting
technique have been studied. Various ratios of 80:20, 60:40, 40:60 and 20:80 (wt./wt.) of NR/PHB were investigated. The IR
spectra of the blend samples did not show any chemical interaction between the components. X-ray diffraction (XRD) confirmed
that the crystallinity of the samples increased as the ratio of PHB is increased in the blend. Thermal stability and thermal transition
of the blend system were characterized by thermogravimetric analysis (TG and DTG) and differential scanning calorimetry (DSC).
Thermal stability of the blend samples showed similar characteristics as the original polymers. Meanwhile, two separate glass
transition temperatures were observed for the blends, indicating that NR and PHB are immiscible. Polarized optical microscopy
(POM) revealed inconsistent growth of PHB spherulite in the blends after subjected to annealing. The results indicated that NR
obstructs the regular arrangement of the ring banded spherulite.
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Abstrak

Campuran biopolimer yang terdiri daripada poli-3-hidroksibutirat (PHB) dan getah asli (NR), telah dikaji dan disintesis melalui
teknik acuan pelarut. Pelbagai nisbah 80:20, 60:40, 40:60 dan 20:80 (wt./wt.) NR/PHB telah dikaji. Spektrum IR bagi sampel
campuran tidak menunjukkan interaksi kimia antara komponen. Pembelauan sinar-X (XRD) mengesahkan bahawa kristaliniti
sampel meningkat apabila nishah PHB meningkat dalam campuran. Kestabilan terma dan peralihan terma bagi sistem campuran
telah dianalisis menggunakan termogravimetri (TG dan DTG) dan perbezaan pengimbasan kalorimetri (DSC). Kestabilan terma
untuk sampel campuran menunjukkan ciri yang serupa dengan polimer asal. Sementara itu, terdapat dua suhu peralihan kaca untuk
campuran yang menunjukkan bahawa NR dan PHB tidak dapat dicampur. Mikroskop optik polarisasi (POM) menunjukkan
pertumbuhan sferulit PHB yang tidak konsisten dalam campuran setelah mengalami penyepuhlindapan. Hasil kajian menunjukkan
bahawa NR menghalang susunan biasa sferulit berikat cincin.

Kata kunci: getah asli, poli-3-hidroksibutirat, campuran, acuan pelarut, keterlarutcampura
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Introduction

Polymers have been used in all aspects of modern living,
such as plastics, paper, textiles and cosmetic products.
The production of polymeric materials has reached a
quantum of 30 million tons each year [1]. Owing to its
promising advantages, such as strength, low cost and
durability, polymer science and engineering has rapidly
developed as one of the fastest growing industries in the
world. Generally, two or more different polymers can be
combined to obtain a novel material with desirable
features. With this goal, vast systems based on physical
and chemical modification of polymer have been
developed through polymer blends [2], graft [3], random
[4], and block copolymerization [5].

Recently, the demand for bio-based polymers has found
a niche in the polymer industry because of increasing
environmental concerns. As an example, most disposed
plastic materials remain persistent in the environment
[6]. This is caused by their resistance to a biological
breakdown. Thus, this occurrence has driven the search
for  biodegradable plastic  materials.  Poly-3-
hydroxybutyrate (PHB) is a thermoplastic polymer
belonging to the polyhydroxyalkanotae (PHA) family. It
is a good candidate to replace non-biodegradable
plastics due to its biodegradability, biocompatibility as
well as processability [7]° Unfortunately, PHB is
generally labelled as a weak and brittle material,
displaying a short break elongation and low mechanical
strength [8]. This limits its application. Hence, several
approaches have been employed to modify PHB in order
to widen its application range.

One of the successful approaches is the incorporation of
hydroxyvalerate units into PHB during the fermentation
process [9]. Another popular approach is blending PHB
with other polymers capable of improving the inherent
brittleness. Generally, PHB has been blended with
numerous polymers ranging from natural to synthetic
polymers. Studies on the blends of PHB with poly-
caprolactone (PCL) [2, 10, 11], natural anionic
polysaccharides [12], diglycidyl ether of bisphenol A
(DGEBA) [8], poly-lactic acid (PLA) [13] and lignin
[14] have been carried out. For instance, Cavalcante and
co-workers investigated the miscibility and crystallinity

of (PHB)/low molecular weight polycaprolactone
(PCL), prepared through solvent casting [2]. The
strength of PHB/PCL blends increased when compared
to that of pristine PHB. Elastomer can also be blended
with PHB to improve its properties. Natural rubber (NR)
is an important class of natural elastomer which is
extracted from rubber trees (Hevea brasiliensis) in latex
form [15]. NR is an amorphous polymer with
hydrophobic characteristic and high elasticity [15].
Bhatt and co-workers studied the blending of medium
chain length polyhydroxyalkanoate (mcl-PHA) with
different types of rubber such as natural rubber, nitrile
rubber and butadiene rubber [16]. It was discovered that
the thermal decomposition temperature of the blends
increased compared to that of pristine PHA. This shows
that the two polymers successfully interacted since there
was a shift in the melting point of the newly synthesized
polymer blend. This finding was also reported by
previous studies which focused mostly on the
biodegradation of PHA blend with different rubbers [16,
17] They show that, the degradation of PHA enhances
the degradation rate of natural rubber. Even though
some reports were found on the blends of PHA/NR, so
far, no studies have reported on the characteristic of
NR/PHB blends. Hence, the present work attempted to
explore the properties of blends which focus on PHB
with NR prepared using different ratios.

Materials and Methods

Materials

Natural rubber latex was obtained from Malaysian
Rubber Board, Kuala Lumpur. Poly-3-hydroxybutyrate
(PHB) was purchased from BIOCYCLE (Brazil) and
purified before use. The following chemicals such as
chloroform (QRec, Malaysia) and methanol (QRec,
Malaysia) were purchased and used as received.
Meanwhile, liquid nitrogen was supplied from Well
solution Sdn. Bhd.

Purification method of PHB and NR

PHB was purified by dissolution in chloroform. The
mixture was stirred until a clear solution was obtained.
It was then filtered and followed by precipitation using
methanol. The resultant product was dried in a vacuum
oven at 50 “C for 24 hours. Dry natural rubber (NR) was
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prepared using natural rubber latex (NRL). Natural
rubber latex was dropped into acetone at room
temperature, until a cloudy solution was obtained. The
solution was removed after a while, leaving the NR
coagulants which were washed again using acetone for
a few times until a clear solution was achieved. Finally,
the NR coagulants was dried in a vacuum oven at 40 °C
until constant weight was reached.

Preparation of NR/PHB blends

The blends of NR and PHB with various compositions
of 100:0, 20:80, 40:60, 60:40, 80:20 and 0:100 (wt./wt.)
ratio were prepared via solvent casting technique. As
much as 12.5 g of each pristine PHB and NR was
dissolved separately in 500 mL chloroform.
Subsequently various volumes of the stock solution
(according to Table 1) were mixed for 1 hour. It was then
cast onto a Teflon mould and dried at room temperature
to ensure complete evaporation of the solvent.

Characterization

The as prepared samples (NR, PHB and various ratios
of NR/PHB blends) were characterized by FTIR Perkin
Elmer 2000 spectrometer. The sample was scanned on
Attenuated Total Reflection (ATR) mode ranging from
4000 to 650 cm. The samples were analyzed by placing
a sample on the surface of a KBr disc surface and
subjecting to IR scan. Meanwhile, the thermal behaviour
of the samples was investigated using a Mettler Toledo

DSC 800. The sample was first heated from 30 to
190 °C at a heating rate of 20 °C min™ under nitrogen
atmosphere and held for 2 minutes. The sample was then
quenched to -100°C at a rate of 20 °C min™* and held for
another 2 minutes. Finally, the sample was subjected to
a second heating scan where it was again heated from -
100 °C to 190 °C at a rate of 20 °C min™. Subsequently,
the thermal stability of the as prepared samples was
conducted using a Perkin Elmer STA 6000 simultaneous
thermal analyser at a heating rate of 20 °C min™. The
samples were heated from 30 °C to 900 °C under
nitrogen flow and the weight change of the sample as a
function of temperature was monitored.

The diffractogram of the crystalline polymer was
obtained using X-ray diffraction (XRD) technigue. The
X-ray diffraction pattern of the sample was obtained
using the Philips X’pert Pro Mrd Pw3040 X-ray
diffractometer in the 20 range 30°-100°. A Cu — Ka
radiation (A = 1.54 A) was employed as the X-ray
source. Besides that, the growths of spherulite of the
prepared samples were monitored under an Olympus
polarizing optical microscope equipped with a Linkam
THMS hot stage. A sample was placed on a clean
glass slide. Then, the sample was heated from 30 to 190
°C at a heating rate of 20 'C min"tand held for 2 minutes,
before cooling to room temperature. The spherulite were
allowed to grow during the cooling step and the images
of the growing spherulite were acquired.

Table 1. Preparation of NR/PHB blends

NR/PHB Volume of 0.37 M NR  Volume of 0.25 M of PHB
Ratio Stock Solution Stock Solution
(mL) (mL)

100:0 40 0

80:20 32 8

60:40 24 16

40:60 16 24

20:80 32

0:100 0 40
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Results and Discussion

Fourier Transform Infrared Spectroscopy

Figure 1 shows the FTIR spectra for PHB, NR, and a
typical NR/PHB blend with 40:60 ratio, respectively. As
can be seen in Figure 1(a), the main peak of PHB occurs
at 1720 cm, which is attributed to the carbonyl
stretching. Besides that, the peak, which appears at 1100
cm? is ascribed as C-O-C stretching vibration. The
peaks at 2975 cm™* and 2937 cm correspond to the —C-
H asymmetric and symmetric stretching, respectively.
Meanwhile, peaks that occur at 1455 cm, 1379 cm™,
and 826 cm* belong to the various CH3; modes, such as
asymmetric deformation, symmetric deformation as
well as bending [18].

In contrast, the FTIR spectrum of pristine NR as shown
in Figure 1(b) exhibits three significant peaks at 2962
cm?, 2921 cm?, and 2853 cm. The first peak
corresponds to the CH3 asymmetric vibrations, while the
other two depict asymmetry and symmetry -CH»- as well
as CHs vibrations. Additionally, the small peak, which
appears at 1663 cm™ is due to the C=C stretching while
another two sharp peaks at 1446 cm™ and 1376 cm™
correspond to the —CH; and CH3 bending of NR. On the
other hand, another significant peak at 836 cm
represents =CH out of plane bending. The IR spectrum
of NR exhibits similar features to those reported in
previous works [19, 20].

The comparison of the spectra of NR/PHB blends with
that of the pristine PHB and NR, confirms that peaks for
both NR and PHB were present in the blends. This is
presented in Figure 1(c). As an example, the main peaks
attributed to PHB are observed at 1720 cm-t, 1455 cm't,
1379 cm?, 2975 cm?, and 2937 cm?, respectively.
Meanwhile, the peaks for NR are seen at 2853 cm™ as
well as at 836 cm™* with no appearance of the C=C peak
signal at 1663 cm. This may be because the C=C peak
overlaps with the C=0 peak of PHB. In addition, as can
be seen in Figure 1(c), the PHB peaks are more
prominent compared to NR due to the PHB rich phase
in the blends. No significant peak shifts and additional
peaks are seen, suggesting that no interaction between
NR and PHB occurred.

X-ray diffraction analysis

The prepared samples were further characterized by the
X-ray diffraction technique. As illustrated in Figure
2(a), the pristine PHB exhibits six prominent peaks at 20
values 0f 13.6',17.3°,22.5', 26.8", 29.8", and 45.1". These
peaks are indexed to the respective (02 0), (110), (10
1),(111),(121),(002),and (2 2 2) planes signifying
a face centred cubic (fcc) phase of an orthorhombic unit
cell. This is in agreement with previous studies that
show PHB commonly crystallizes in an orthorhombic
lattice structure [7, 18, 21]. On the other hand, NR
displays a broad hump in the 20 range of 10.0" to 30.0°
characteristic of an amorphous polymer. A similar
observation has been reported in other studies [22, 23].

For crystalline/amorphous polymer blends, the
crystalline behaviour of the crystalline component can
be influenced greatly and even prohibited when the
content of the amorphous component is increased [24].
The comparison of the neat PHB and NR spectra with
the spectra of the NR/PHB blends is shown in Figure
2(b). The results show that all peaks mentioned in NR
and PHB are seen in the 80:20, 60:40, 40:60, and 20:80
ratios. In general, NR/PHB blends with ratios 80:20 and
60:40 show a broad pattern, which is similar to NR.
Additionally, low intensities of PHB peaks are observed
at13.6,17.3', 26.8, and 29.8° respectively. This may be
attributed to the low amount of PHB in the blends and
can be related to the low crystallinity of the samples
when compared to the other ratios. The NR/PHB blends
with ratios of 40:60 and 20:80, exhibit high intensity
diffraction peaks at 20 of 13.6" and 29.5'. In addition, the
broad peak of NR is reduced. This may indicate that
crystallinity of the blends increases when PHB is the
major phase and decreases when NR is the major phase.

Thermogravimetric analysis

The thermal stability of the polymer blends can be
evaluated via the TG and DTG profiles. As can be seen
in Figures 3(a) and (b), the TG and DTG profiles of
pristine PHB, NR and various compositions of NR/PHB
blends. The temperatures that correspond to the onset of
weight loss (Tonset) and temperature at maximum
degradation rate (Tmax) are summarized in Table 2.
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The PHB indicates a single weight loss in the range of
29 to 911 °C. In addition, pristine PHB was stable up to
271.4 °C, beyond which, it started to decompose and the
Tmax Of PHB occurred at 285 °C. This is due to the chain
scission of PHB. In contrast, NR shows a single step of
weight loss with Tonset at 359.6 °C and the Tmax occurred
at 385.0 °C. This can be attributed to the thermal
decomposition of the polymer chain poly(cis-1,4-
isoprene). After blending, similar weight loss trends
were observed in the TG profiles of NR/PHB blends.
This indicates the highly immiscible two-phase
phenomenon of the blends. For instance, the T onset for the
first step of weight loss for 80:20, 60:40, 40:60, and
20:80 ratios occurred at 244.9 °C, 260.0 °C, 273.2 °C and
281.2 °C. These are ascribed to the degradation of PHB.
As can be seen here, low Tonset Values for 80:20 and
60:40 ratios were observed when compared to that of
pure PHB. This trend may be due to the availability of

less bulky PHB chains in the blends, which caused Tonset
to occur earlier. Nevertheless, Tmax: 0f NR/PHB blends
show a similar trend with the pure PHB as tabulated in
Table 2.

In contrast, the Tonset for the second stage of weight loss
occurred at temperatures 364.4 °C, 362.6 °C, 357.0 °C,
and 367.8 °C for the 80:20, 60:40, 40:60, and 20:80
ratios of NR/PHB blends respectively. These are
attributed to the degradation of NR. Additionally, the
Tmaxe Of the NR/PHB blends show no significant
difference with pure NR. It can be seen that the 20:80,
40:60, 60:40, and 80:20 ratios of NR/PHB blends
showed Tmax2 Values at 385 °C, 385 °C, 386 °C, and 386
°C respectively. Therefore, based on the results
obtained, the thermal stability of NR/PHB blends
remained the same as the pure polymer, which confirms
that no interaction occurred in this system.
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Figure 1. FTIR spectra of (a) purified PHB (b) pristine NR and (c) typical of 40:60 (wt./wt.) NR/PHB
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Figure 2. XRD patterns of (a) pristine PHB (i) and NR (ii), while (b) NR/PHB blends with 80:20 (i) 60:40 (ii) 40:60
(iii) and 20:80 (iv) ratios of NR/PHB blends
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Figure 3. (a) TG and (b) DTG of the NR, PHB, and various composition of NR/PHB blends
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Table 2. Thermal degradation of NR, PHB, and various composition of NR/PHB blends

NR/PHB Tonset Tmax
Tonset1  Tonsetz  Tmaxt  Tmaxz

100:0 359.6 - 385 -
80:20 2449 3644 288 385
60:40 260.0 3626 285 385
40:60 2732 3570 286 386
20:80 281.2 3678 280 386
0:100 271.4 - 285 -

Differential scanning calorimetry

The thermal properties were investigated for pristine NR
and PHB as well as the NR/PHB blends with various
compositions. The thermograms of the samples are
shown in Figure 4, while the thermal data including the
glass transition temperature (Tg), crystallization
temperature (T¢), melting temperature (Tm) and the
calculated polymer’s crystallinity (yc) are listed in Table
3.

Pristine NR shows a Ty at -60.9 °C with the absence of
melting and a crystallization peak. This corresponds to
the amorphous nature of NR, which causes the low Ty
value. In contrast, the Tg4 of pristine PHB was clearly
observed at 8.6 °C with a T, located at 172.1 °C. It is
interesting to note that the T peaks were undetectable in
PHB and all the NR/PHB samples. Only an endothermic
peak which is related to the melting of PHB was
observed in the thermograms. The disappearance of the
T. peak in the second heating scan is attributed to the
complete crystallization process during the cooling step
[25]. Therefore, perfect lamellar crystals were formed
during the second heating scan [25].

As can be seen in Table 3, the Tr values for 80:20,
60:40, 40:60, and 20:80 of NR/PHB blends occurred at
171.9°C, 169.4 °C, 172.4°C, and 171.5 °C respectively.
These blends reveal a T, peak similar to that of the neat
PHB, which also indicate the non-interacting nature
between the components. A contradicting observation

was reported by a previous work [16]. The authors
discovered that a medium chain length of PHA (mcl-
PHA)/NR blends was successfully interacted since there
was a shifting in Tr, value for 15:85 ratio. This suggests
that a variation in ratio of the polymers can promote
interaction. This may be related to the long polymer
chain of NR.

Subsequently, all the blends exhibited two distinct Ty.
The appearance of two Ty values indicates the
occurrence of phase separation as a result of the non-
interacting nature of the two polymers. Furthermore, the
Ty for NR/PHB blends prepared using 80:20, 60:40,
40:60, and 20:80 ratios showed similar T4 values as NR
and PHB. It can be observed that, the T4 for 80:20,
60:40, 40:60, and 20:80 of NR/PHB ratio occurred at -
60.1°C and 6.3 °C, -61.6 °C and 5.3 °C, -60.2°C and 7.9
°C as well as -61.0 °C and 8.2 °C respectively. As can be
seen, T4 of PHB decreases with increasing NR content.
This behaviour is possibly due to the disruption of the
PHB chain by NR to a limited extent. In the meantime,
the apparent Tq associated with NR remained the same
across composition. Interestingly, a previous study also
reported similar findings with the appearance of two Ty
values when blending PHB with poly(ethylene-co-vinyl
acetate) (EVA) [26]. However, only a single T4 was
detected for PHB/EVA with a 10:90 ratio. Therefore, it
can be concluded that the T4 values and miscibility of
the polymer blends are strongly dependent on the blend
compositions.
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The DSC curves as shown in Figure 4, reveal the
addition of NR into PHB interrupted the molecular
attraction between PHB chains to some extent, thereby
it inhibited cold crystallization to occur in all NR/PHB
blends. This is depicted by the disappearance of the T,
peaks in the thermograms. Similar observation was
reported in another study [27]. The degree of
crystallinity (yc) of neat PHB and NR/PHB blends was
calculated using Equation 1.

x¢ = AHmw/AH1g0 -WpHg X 100% (1)

The values are summarized in Table 3. Pristine PHB
exerts 55% of yc values, while for NR/PHB blend falls
in the range of 47-17%. This trend is due to the
amorphous nature of NR in the blends, which reduced
the crystallinity of PHB. Similar to the XRD results, the
crystallinity of the NR/PHB blends increased with an
increase in the PHB content in the samples. For instance,
NR/PHB blends with a ratio 20:80 displayed the highest
xc value which is 47%. This is followed by NR/PHB
blends with ratios 40:60, 60:40, and 80:20, which have
decreasing yc values of 42%, 35.8%, and 17.8%,
respectively.

To summarize, two T4 values with no shifting in the Tm,
of PHB indicate that phase separation occurred in
NR/PHB blends. However, a previous study involving
blends of PHB/ polycarbonate (PPC) shows contrary
findings with the appearance of a single T4 and no
significant change in the Ty peaks of PHB [24]. In
general, it is difficult to deduce the miscibility of the
blend based on the TgyVvalues. Further confirmation of the
miscibility of polymer blends can be carried out using
the polarized optical microscopy, since the two
polymers have different refractive indices.

Polarized optical microscopy

The morphologies of pristine NR, PHB, and the
NR/PHB blends are shown in Figure 5. The properties
of the prepared samples directly influence their
respective morphologies. Therefore, the interplay
between the evaporation of solvent, phase separation
composition, and crystallization of PHB directly
determines the morphologies of the blends.

As shown in Figure 5(a), the POM image of NR has an
even and smooth surface due to its amorphous
characteristic. In contrast, a neat PHB (Figure 5(b))
features large spherulites with closely ring bands. These
spherulites are attributed to the crystalline properties of
PHB. As for the blends, a single phase should be
observed if PHB is miscible with NR. Otherwise, two
phases are formed. Here, all compositions show
heterogeneous phases. The presence of NR in the blends
of NR/PHB results in spherulites with various sizes that
vary depending on the blend’s composition. The
addition of NR to PHB influences the crystallinity of
PHB as it decreases the mobility of PHB segments and
retards the crystal growth.

The morphology of the 80:20 NR/PHB ratio shows the
appearance of PHB crystalline phase with no occurrence
of spherulites. These globular PHB islands (refer to the
arrow in Figure 5(c)) are dispersed in the amorphous
phase of NR. This observation has been reported by
Zhang and co-workers [24] where the minor droplets of
PHB are dispersed in the amorphous polycarbonate
(PPC) matrix when PPC is the major phase. Besides that,
in this case, the absence of spherulites maybe due to the
higher content of NR which covered the surface of the
PHB crystal. Further decrease in the NR content, such
as in the 60:40, 40:60, and 20:80 NR/PHB blends,
reveals different morphologies, which have irregular
shape and imperfect spherulites. In addition, the
spherulite sizes are smaller and the boarders of the
spherulites are not clearly seen compared to pure PHB.
This phenomenon can be due to the occurrence of the
degradation of PHB after the annealing process.

As can be seen from the 60:40 ratio, the phase separation
is obvious with no clear banded structure detected in the
spherulite. Since its content is only 40 wt.% in the blend,
PHB crystallizes in a pattern as shown in Figure 5(d). In
contrast, an uneven surface morphology is seen in the
40:60 ratio with a much denser nucleation and smaller
size of spherulites compared to 60:40. This is due to
rubber dispersed in the continuous PHB matrix. On the
other hand, from Figure 5(f) of the 20:80 ratio, the
growth of spherulites seems to have different rates, since
there is a coexistence of large and small spherulites. This
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phenomenon corresponds to the inhomogeneity of PHB
in the blends. Therefore, it can be summarized that, more
imperfect spherulites were formed although with a
smaller volume shown in 40:60 and 20:80 when the
PHB was the major phase. Overall, the morphologies of
NR/PHB blends prove a phase separation, which

correspond to the immiscibility between NR and PHB.
This result agrees well with the DSC findings. The lack
of immiscibility between the polymers in this system
can be ascribed to the bulkiness of the polymer chains
which causes poor chain entanglement between the two
polymers.

2 —m— Natural Rubber
: —=—PHB

04 —£—180:20
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Figure 4. DSC thermogram for NR, PHB and various ratio of NR/PHB blends

Table 3. The thermal transition of NR, PHB and various NR/PHB blend

NR/PHB 2"? Heating Scan

Ta(°C) Tg(°C) Tm(°C) Tc(°C) %
100:0 -60.9 - - - -
80:20 -60.1 6.3 171.9 - 17.8
60:40 -61.6 53 169.4 - 35.8
40:60 -60.2 7.9 172.4 - 42.0
20:80 -61.0 8.2 171.5 - 47.0
0:100 - 8.6 172.1 - 55.0
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Figure 5. Polarized Optical Micrograph images (10x magnification) of (a) NR (b) PHB (c) 80:20 (d) 60:40 (e) 40:60

and (f) 20:80 of NR/PHB blend

Conclusion
In summary, this work describes a basic study on an
amorphous/semi-crystalline blend system focusing on
characterization of the blends in terms of morphology,
crystallinity as well as thermal behaviour. Blending is

the easiest, most effective and economical approach for
obtaining new materials with improved physical and
mechanical properties. The drawbacks of the parent
components can be altered and tailored by choosing and
varying the compositions of the blend and preparation
parameters. Based on FTIR, blends of NR/PHB

10
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prepared in various compositions ranging from 20 to 80
wt.% of PHB, using solvent casting technique, has
revealed that, no interaction occurred between NR and
PHB since no shifting and additional peaks are
observed. Besides that, the presence of NR has evident
influence on the crystallization and spherulite
morphology of PHB. The XRD patterns obtained show
low crystallinity peaks were observed when the NR
amount was increased. These results correlate with the
degree of crystallinity from the DSC data. Besides that,
DSC results indicated immiscibility of all compositions,
due to the two distinct glass transition temperatures that
are similar to pristine NR and PHB respectively. In
addition, the TG data for NR/PHB blends shows similar
characteristic of NR and PHB. Further confirmation of
the immiscible system can be seen via the two-phase
morphology from POM studies. The occurrence of
immiscibility in this system is because of the high
molecular weight of NR and PHB, leads to poor
interfacial adhesion between the phases.
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