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ABSTRACT

This research is a systematic study of how Microcrystalline cellulose (MCC) affects the thermal
properties and surface morphology of Poly(L-lactic acid)(PLLA)/Chitosan blend by acting as
reinforcement agent. MCC has high strength, high stiffness and high strain used for this work, has
been obtained by acid (sulfuric acid) hydrolysis of a-cellulose extracted from jute fiber. Blends were
prepared with a constant percentage (20 percent) of Chitosan and different percentage of PLLA and
MCC by solution casting methods. Then samples of those blends have been characterized by
Fourier-transform infrared spectroscopy (FTIR) for the confirmation of blending, Thermo-gravimetric
analysis (TGA) & Differential thermal analysis (DTA) for the thermal properties measurement and
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Scanning electron microscope (SEM) for measuring element distribution and surface morphology.
FTIR Analysis curves showed that there is no new characteristic absorption peaks appeared in the
spectrum except slight shifting due to hydrogen bond and confirmed a formation of suitable blends.
TGA and DTG results indicated that MCC can improve the heat resistivity of the PLLA/Chitosan
blends by increasing its degradation temperature upto 5%. Comparison of DTA peaks also ensured
developed thermal properties. Image of SEM shows the improvement of surface morphology.

Keywords: Blends; microcrystal; reinforcement agent; acid hydrolysis; thermal resistivity.

1. INTRODUCTION

In recent years, Poly(L-lactide) or Poly(L-lactic
acid) (PLLA) is approaching to the centre of
polymer composites research depending upon its
attractive properties and application [1-3].
Because of some excellent properties i.e. natural
degradability at room temperature, non-toxicity
and biocompatibility with human body, it is
playing a vital role in both medical and industrial
purposes [4,5]. In medical science & tissue
engineering, PLLA can be used as degradable
sutures, drug releasing particle and porous
scaffolds for human body cell [6]. To be
implanted into the tissue engineering, it should
have resistivity against some bacterial or
microbial infection [7]. Numerous studies have
been performed for developing the antibacterial
activity of PLLA by blending with other natural
antibacterial agents. Among them,
PLLA/Chitosan show stronger activity against the
growth and activity of some bacteria. Because
Chitosan has strong antibacterial activity against
numbers of bacteria such as Staphylococcus
aureus and Escherichia coli [8]. In order to
develop the thermal and mechanical properties
of PLLA/Chitosan di-blend, is being used with
some functional additives by fabricating PLLA
based composites and tri-blends [9]. In this
research we investigated the effects of
microcrystalline cellulose (MCC) on the thermal
properties and surface morphology on
PLLA/Chitosan blends. According to the previous
research, natural fiber has high mechanical
performance to act as a reinforcing agent in
different polymeric composites [10]. MCC can
form very strong particle—particle interactions
between polymer matrix because of their length,
flexibility, and strong hydrogen bonds, provide a
better thermal resistivity [11,12]. Good dispersion
with minor agglomeration provides a better
surface morphology and can improve mechanical
properties [13]. To the best of our knowledge, the
effects of MCC on the properties of
PLLA/Chitosan/MCC ternary blends have not
been reported so far. The objective of this study

is to develop PLLA based ternary blends with
extended physical properties and also to
investigate the effects of small percentages of
MCC on the properties of PLLA/Chitosan/MCC
blends.

2. EXPERIMENT

PLLA, used as a blend matrix, was collected
from Mitsubishi Chemical Corporation, UNITIKA
Plastics Division, Japan. Micro Crystalline
Cellulose (MCC) was prepared from jute fiber by
conventional acid hydrolysis [14]. Chitosan was
derived from the partial deacetylation of chitin
extracted from chemical treatment of shrimp shell
[15,16]. Tossa jute (Corchorus olitorius) and
shrimp (Penaeus monodon) shell was collected
from southern part of Bangladesh as a raw jute
and raw shell respectively.

2.1 Extraction of Chitosan from Shrimp
Shell

Washed and dried raw shrimp shell was crushed
to small size (approximately 0.5cmx0.5cm).
Crushed shell was dipped into 1.57 M HCI
solution in 1gm:10ml (w/v) ratio for 6-8 hrs at
ambient temperature under constant stirring for
removing mineral [17]. After washing & filtering
with vacuum pump, demineralized shell, it was
treated with 0.5% KMnO, in the presence of aq.
H,C,0O, for 2-3 hrs at 60-70°C with a ratio
19:15ml (w:v), to remove the color from the
demineralized shell [18]. To separate the chitin
from the protein complex it was treated with 1.25
M NaOH at 100°C for 30 mins [19]. Deacetylation
process was carried out by 50% NaOH at 100°C
for 4-5 hours at a ratio between shell & solution
is 1g:20ml (w:v) to obtain pure chitosan from
chitin [20].

2.2 Extraction of Micro
Cellulose from Jute Fiber

Crystalline

Washed raw jute fibers were dried and cut into
small length (approximately 2 cm) and bleached
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Table 1. Sample code and composition of different blends for the experimental purposes

Sample Code Composition of Blend

LCMC-0 PLLA 80% + Chitosan 20%+ MCC 0%
LCMC-1 PLLA 79% + Chitosan 20%+ MCC 1%
LCMC-3 PLLA 77% + Chitosan 20%+ MCC 3%
LCMC-5 PLLA 75% + Chitosan 20%+ MCC 5%
LCMC-10 PLLA 70% + Chitosan 20%+ MCC 10%

with 0.08 M sodium chlorite (NaClO,) solution
along with 2M CH3;COOH, at pH 4 [21].
Bleaching was conducted at temperature 85°C-
90°C for 90 mins with a ratio 1g:80ml (w:v). Prior
to bleach, acetic acid and sodium acetate buffer
solution was used to maintain constant pH. After
washing and drying at 105°C for 24 hrs, the
bleached fiber was treated with 17.5% NaOH for
removing of B and y cellulose [22]. NaOH was
removed from a-cellulose by washing several
times with distilled H,O and dried at 75°C for 48
hrs using vacuum drier.

MCC was prepared from previously prepared o-
cellulose by acid hydrolysis process using 64
wt% H,SO, H,SO, was used to break down
glycoside bonds of the cellulose polymeric chain
[23]. a-cellulose was treated by the acid solution
for 25-30 mins at 35°C-40°C in a ratio 1g:10ml
(w:v) with constant stirring. The reaction was
immediately stopped by quenching with ice cool
water to obtain gel type MCC [24]. H,SO, was
completely removed by washing with distilled
H,O. MCC was stored in acetone, as dispersion,
by replacing H,O by acetone with centrifugation.

2.3 Sample Preparation

Five samples of different composition were made
by well-known solution casting method.
Chloroform, a suitable solvent for PLLA, was
used to prepare PLLA solution with continuous
stirring [25]. Because of —OH group, hydrophilic
property and reactivity of MCC can be increased.
Therefore, it was dispersed in a non-aqueous
solvent acetone with 90 mins sonication [26]. 1-
2% acetic acid was used as a solvent for
dissolving Chitosan [27]. To obtain the blend film,
the calculated amounts of these three solutions
were cast on petri dishes. Prior to cast, it was
blended with vigorously stirring with a magnetic
stirrer until homogenous solutions were obtained
[28]. Films, obtained on petri dishes were
evaporated at room temperature for 3-4 days
under vacuum [29]. Sample codes were
designed as LCMC-X, where L, C and MC-X
mean PLLA, Chitosan and MCC with X, stand for
percentages of MCC in the blend respectively
(Table 1).

2.4 Sample Characterization

Shimadzu IR Prestige-21 Fourier Transform
Infrared (FTIR) Spectroscopy, Japan was used to
conduct FTIR analysis at a resolution of 4 cm™.
KBr powder was used to make the disk by
compressing with samples. For thermal
properties measurement, Thermo-gravimetric
analysis (TGA) and Differential thermal analysis
(DTA) were conducted in a TG/DTA (SII-6300
analyzer).10 mg (approximately) of each sample
was heated from 20°C-580°C at 15°C min™
under N, gas supply. Percentage of weight
change and its derivative (DTG) were recorded
as a function of temperature. To investigate the
surface morphology and distribution of particles,
Scanning electron microscope (SEM)
micrograms were obtained from SEM leica AS-
360FE-SEM instrument, with magnification
ranging from 20X to approximately 30,000X, the
spatial resolution of 50 to 100 nm.

3. RESULTS AND DISCUSSION
3.1 FT-IR Spectroscopy Analysis

FTIR spectroscopy technique was used to
investigate intermolecular and intramoleculer
interactions. The absorption peak shifting in
specific regions was monitored to determine the
functional group interactions due to hydrogen
bonding between PLLA, chitosan and MCC. The
FTIR spectrum of neat PLLA, Chitosan, MCC
and LCMC-0 and LCMC-5 are depicted in Fig. 1.

In LCMC-5, a small peak was observed at
3653.18 cm™' can be originated from overlapping
of OH stretching N-H stretching. Broad O-H
stretching band of MCC was changed to a small
peak in blends [30]. Same as symmetric, Peak
for O-H bond stretching (asymmetric) shifted to
higher wave number from 3017.34 cm” to
3021.53 cm”' indicating that bond energy
increases after adding MCC. In case of C=0
stretching from ester group of PLLA shifted from
high region 1737.79 cm” to lower 1735.86 cm™ in
LCMC-0 and 1735.03 cm™ in LCMC-5 confirmed
that, MCC and Chitosan produce intermolecular
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Table 2. Assigned peak and accounted bond for LCMC-0 & LCMC-5

Accounted bond for the absorption

-OH stretching overlapping with N-H
stretching

-CH stretching (Asymmetric)

-CH stretching (symmetric)

-C=0 stretching

-CH bending

-C-O- stretching for Acid

LCMC-0 LCMC-5

Assigned Peak (cm'1) Assigned Peak (cm'1)
3653.18

3017.34 3021.53

2878.79 2881.68

1735.86 1735.03

1365.65 1365.65

1220.96 1213.30

1094.67 1092.73

-C-O- stretching for Alcohol

hydrogen bond between O-H and C=0 group to
weaken the C=0 in ester group in PLLA.
Similarly, other bending peaks shifted to the
lower wave number caused by the intermolecular
hydrogen bonding. Therefore characteristic
absorption peaks were obtained from the LCMC-
5, are nearly the same as LCMC-0. This can be
explained based on a hypothesis that MCC is
just combined with PLLA and Chitosan by
hydrogen bonding interactions without forming
new functional groups. Therefore, this
information can provide a confirmation of a good
blend formation [31].
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Fig. 1. Comparison of FT-IR spectra of
different blends and pure components

3.2 Thermal Stability Analysis

Thermal stability was observed by
Thermogravimetric analysis (TGA).

TGA data was obtained by measuring the weight
loss due to degradation as a function of
temperature.
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Fig. 2. Comparison between TGA curves of
different blends

TGA curves have shown in Fig. 2 are the
comparison of different blends with different
compositions. At 80°C to 160°C, initial loss of
moisture and desorption of gases took place,
also provided information about the percentage
of moisture present in the blends. Major
degradation was started at approximately 300°C
and finally ended up to 390°C. TGA analysis
shows a sharp increase of initial degradation
point from LCMC-0 to LCMC-5. In case of
LCMC-10, each degradation point decreased
with the increase of the percentage of MCC.
Initial degradation point shifted from 305.3°C to
306.8°C, 311.3°C and 337.2°C for LCMC-1,
LCMC-3 and LCMC-5 respectively. MCC can act
as filler in the PLLA/chitosan matrix and
decrease flexibility and mobility of polymeric
chain by holding them tightly [32]. Therefore, the
more compact composite structure can be
formed with better heat resistivity. In case of
LCMC-10, MCC has a tendency to accumulate
by hydrogen bonding in higher percentage and



caused a sudden drop in heat degradation point
to 325.5°C [33].
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Fig. 3. Relation between % of MCC and
degradation point (a) Final degradation point
(b) Half degradation point (c) Initial
degradation point

Half degradation point and final degradation point
also showed the same pattern has given in Fig.
3. DTG data was used to determine the
maximum degradation point has shown in Fig. 4.
Maximum degradation point (T..) increased
similarly up to LCMC-5 and decreased for
LCMC-10. For LCMC-0, LCMC-1, LCMC-3 and
LCMC-5 the T are 357.0°C, 358.8°C, 362.8°C
& 374.3 respectively, and for LCMC-10 the Tax
is placed on 371.2°C.
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Fig. 4. Comparison between DTG curves of
different blends
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Fig. 5. Comparison between DTA curves of
different blends

Fig. 5 shows the change in melting point (T,) for
different blends composition depending upon the
DTA curves. DTA data shows a similar trend in
shifting of T,, with the addition of MCC into the
blends. T, of LCMC-0 is 162.6°C, shifted
gradually up to 165.2°C in LCMC-5 and then
similarly dropped down to 164.9°C in LCMC-10.

T has been positively changed with introduction
of MCC, can be described based on their
intermolecular attraction between PLLA, chitosan
and cellulose. Due to the formation of hydrogen
bonding among PLLA, chitosan and MCC, the
distance between the molecules decreases
alternatively increases the molecular attraction
caused high T, [34]. However, in case of LCMC-
10, low T, may be due to the increasing of the
amorphous region provided by MCC or
intermolecular bond formation between
consecutive cellulose units.

3.3 Surface Morphology Analysis

Fig. 6 shows the surface morphology of LCMC-O0,
LCMC-5 and LCMC-10 obtained from SEM
microscopy. However, the surface is smoother
than the other two types; relatively a large
number of voids and cracks presents in the
LCMC-0 caused relatively low melting point and
heat degradation point. After insertion of MCC in
LCMC-5, it is clearly observed that the number of
pores dramatically reduced and surface looked
more compact. MCC can be found inside the
matrix as filler and tightly attached with the matrix
caused high heat resistance capability. However
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Table3. Initial, half and final degradation points of different blends

Sample name Initial degradation Half degradation Final degradation
point (°C) point (°C) point (°C)

LCMC-0 305.3 336.8 368.4

LCMC-1 306.8 338.2 371.2

LCMC-3 311.3 342.6 374.7

LCMC-5 337.2 360.7 384.6

LCMC-10 325.5 353.1 381.8

Fig. 6. SEM micrograms for surface morphology analysis (A) LCMC-0 at 500X, (B) LCMC-0 at
1000X, (C) LCMC-5 at 500X, (D) LCMC-5 at 1000X, (E) LCMC-10 at 500X, (F) LCMC-10 at 1000X

with the increase of MCC, in LCMC-10, the
surface was compacted but fractured can be
ascribed as the accumulation of MCC can make
that fosse structure and results the low heat

degradation temperature and low melting point.

4. CONCLUSION

In this work, we studied the influence of the
addition of small amounts of MCC over the
thermal properties and surface morphology of



PLLA/chitosan blend. With the increase of the
percentage of MCC, the thermal properties of

PLLA/chitosan blends i.e.
temperature and melting point

heat degradation
have been

improved up to 5% addition of MCC in LCMC-5.
In case of LCMC-10, it decreased to a lower
value and concluded the maximum thermal
property at LCMC-5. Surface morphology also
observed and can be concluded as the surface of
LCMC-5 has fewer pores and cracks than the
other compositions; however, LCMC-0 showed
the smoother and plain surface compared with
the other.
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