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KEYWORDS ABSTRACT

Kenaf Fiber, MMT clay, Poly In this paper Treated Kenaf fiber/PLA based hybrid biocomposite are prepared by dispersing
lactic Acid, Mechanical  the different Montmorillonite clay contents by compression molding process. The PLA
Properties, SEM, Hybrid  based bio-composites are fabricated with 30% of Treated Kenaf fiber and 1%, 2%, 3%
biocomposite. nanoclay - filler. The  fabricated  30TKF-70PLA,  30TKF-1IMMT-69PLA,

30TKF-2MMT-68PLA and 30TKF-3MMT-67PLA biocomposite are used to characterize
the flexural and tensile properties of hybrid biocomposites. The 1 % MMT clay included
PLA/treated Kenaf fiber demonstrates superior mechanical properties than other
biocomposite. SEM analysis discloses that MMT clay improves both morphology and load

transfer capacity.

1. INTRODUCTION

In UN millennium advancement goal from 2000, it
was consented to work for eradication of excessive
poverty; to ensure environmental (eco-friendly)
sustainability [1]. Green composites are nontoxic and
are purely degradation by composting process or in soil
[2]. Among the

(biopolymers) particularly PLA provide a unique

biodegradable thermoplastics

opportunity and have been the subject of many studies
in the past decade [3, 4]. The renewable resources corn
based produced PLA was a promising market available
medium  to biodegradable)

alternative (non

conventional polymers [5]. It is a versatile polymer
made from renewable sugar and starch (agriculture raw
materials), which are fermented to lactic-acid [6]. The
PLA (bio polymer) provides good strength and easy
processability but more expensive; for various practical
applications the modification is required [7]. Hence, a
suitable (modification) way to enhance and make it
more cost-effective material is the inclusion of
natural-fibers, which has recently attained attention to
replace (glass and carbon) synthetic fibers [8, 9]. The
fiber
incompatibility between hydrophobic polymer matrix
and hydrophilic natural fiber [10]. The chemical

major drawback of natural composite is
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treatment improves the interfacial adhesion between
the (natural) fiber-matrix (polymer) [11]. Ramesh et al.
[12] their survey reveals that NaOH concentration,
immersion time and temperature influences the
properties of composites. In the different types of
natural resources, Aloevera plant (Aloe barbadensis
Miller) was used for drugs since thousands of years.
Aloevera plants were widely cultivated in Florida,
India, South Texas, United States (South California),
Africa, South and Central America, Australia, Iran and
Caribbean [13]. Its look likes a sisal plant, but in reality
different in nature; the formers point of view Aloevera
fiber [14].

approaches are being considered for

provides economic benefit Several
improving
properties and reducing cost of PLA. The producing
PLA based biocomposites has confirmed to be a
successful approach to achieve ideal properties [2,
15-23].

properties through hybridization process like adding of

Some researchers are achieve the desired
fillers and natural fibers into the conventional polymers
[24-25]. Chaitanya et al. [14] have reported that
treatment and 30% fiber content enhanced mechanical
and thermal properties of the PLA/Aloevera fiber
biocomposite. All the above researchers some have
tried to determine suitable hybrid biocomposites with
The hybridization with the

more

desired properties.

nano-fillers makes environmental friendly
biocomposite. As for authors knowledge there is no
work carried out based on various concentration of
MMT (montmorillonite nanoclay in wt %) on Alkaline
treated aloevera fiber (30 wt %) / PLA hybrid
biocomposites by compression method.

This paper tries to examine the addition of both treated
aloevera fiber and MMT clay in a PLA with different
proportion. This is compulsory in order to make an eco-
friendly biocomposites (green composites) and as well
to substitute for the conventional polymer or plastics in

terms of availability, price and property.

2. EXPERIMENTAL

A. Materials

In this research PLA 3052D, kenaf fiber and MMT clay
was used to develop the hybrid biocomposites.PLA
3052D grade (pellet form) was acquired from Nature
Tech, Chennai, India. Its specific gravity, melting and
glass transition temperatures were recorded like 1.24
g/cm?, 145-160° C and 55-60° C, respectively. The
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Aloevera fiber procured from Go Green Products,
Chennai, India. After fiber surface modification, the
fibers were then chopped to a range of 1-3mm length.
The onium ion-modified < 20um sized powder formed
having 1.01 g/cm?® density of MMT (montmorillonite)
L.31PS)
Sigma-Aldrich, Bangalore, India. It contains 0.5-5 wt %

nano clay (Nanomers® purchased from
aminopropyltriethoxysilane, and 15 to 35 % (wt %)
octadecylamine. And its density is 1.01 g/cm?.

B. Methods

a. Aloevera fiber surface modification

The surface modification of aloevera fiber was done
using Alkaline (NaOH) modification method. The pellet
formed NaOH (Sodium hydroxide) was supplied by
SR-Scientific Chemicals, Tirupati, India. Aloevera fibers
were soaked in sodium hydroxide (6% NaOH) solution
for 3hrs at room temperature. The fibers then clean with
running distilled water up to reach p* value constant 7.
The treated Fibers then kept in oven for dried at 100° C
for 8hr.

b. Preparation, processing of biocomposite and Hybrid
biocomposites

The fabricated composites compositions were presented
in Table.1. Before fabrication of samples PLA, aloevera
fiber and MMT clay were kept in hot air oven at 110° C
for 1 hr (for dry).

Table.1 Compositions and composite names

NaOH
MMT
” PLA, treated
Denotation Sample clay,
wt % Aloevera
) wt %
fiber, wt %
A PLA-30TAF 70 30 0
Al PLA-30TAF-1IMMT 69 30
A2 PLA-30TAF-2MMT 68 30
A3 PLA-30TAF-3MMT 67 30

The compositions (PLA, MMT and Aloevera fiber) were
manually pre-mixed and compounded followed by
Baroda, ZV 20 model twin-screw extruder. Afterwards,
the compounded pellets were processed through
compression molding machine. During the process keep
the temperature 185°C and 30 ton force applied (up
stroke); then compacted at 165°C bar pressure for 30 min
followed by cool under pressure. When temperature
(mold) reached to 90° C the platens are opened from
press; then composite sheets (200 mm X 200mm X 3mm)
are removed from platens and cut to desired form for

mechanical evaluations.




c. Mechanical Characterization

Flexural (ASTM D790-03 at 18> C with 50KN, 50mm span
length) Tensile Strength (ASTM D638 at 25° C with 10
mm/min cross speed) are evaluated through using UT
Machine

d. SEM Analysis

Tensile fractured gold coated specimens are used to
surface analysis through JSM-IT500
scanning electron microscope (SEM) (Japan Electronics
Optic Limited, USA).

examine the

3. RESULTS AND DISCUSSIONS

The PLA-biocomposite and PLA-hybrid biocomposites
obtained flexural (ASTM D790-03) and tensile strengths
(ASTM D638) are respectively shown in Fig. 1 and Fig. 2.
It is obvious that, the addition of MMT improved the
flexural and tensile strength of hybrid biocomposites
(Fig.1 and 2). The addition of 1% MMT clay into PLA
hybrid biocomposites (A1) flexural and tensile strengths
are improved 6.08 % and 10.53 %, respectively than
PLA/treated aloevera fiber biocomposites (A).

A Al A2 A3

Fig.1 Flexural Strengths of A, Al, A2 and A3 Bio and
Hybrid biocomposites

A Al A2 A3

Fig.2 Tensile Strengths of A, Al, A2 and A3 Bio and
Hybrid biocomposites
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As the MMT loading beyond 1% (addition of 2 and 3%)
by weight the flexural and tensile strengths are
decreased. The similar trend observed by H.Alamri et al.
[26] they concluded that 1% nano filler epoxy based
demonstrate enhanced mechanical
3% and 5%
nanocomposites. Kundan et al. [27] found that, bamboo

nanocomposites
properties than other nano filler)
/polyester/ nano clay composites tensile and flexural
strength are enhanced with 1% clay; beyond 1% clay the
properties are decreased. Ramesh et al. [28] concluded
that 1 % clay included PLA/treated kenaf fiber hybrid
biocomposite shows enhanced mechanical properties
than other composites. This improvement clearly
indicates that clay fillings the micro pores (uniform
dispersion), improved interface bonding among treated
aloevera fiber and PLA in case of 1% MMT clay (A1), as
evident from its superior flexural and tensile strength
(Fig.1 and Fig.2). The addition of 1% MMT treated
aloevera fiber reinforced hybrid biocomposite (Al)
shows improved mechanical properties because of high
matrix-fiber bonding agent, which enlarge the highest
load transfer capacity. Similar mechanism observed in

previous study [29].

4. SEM ANALYSIS
Fig.3 (a-d) shows the structures of biocomposites. The
treated aloevera fiber/PLA biocomposite (Fig.3a) shows

very small ga

ps between the fabrics

T Be

Fig.3aSEM images of A biocomposite
and matrix. The addition of 1% MMT clay PLA/treated
fiber
fiber-nano-matrix adhesive bonding (Fig.3b). Similarly
the 2% MMT clay based hybrid

aloevera hybrid biocomposite shows fine




Fig.3b SEM images of A1 Hybrid biocomposite
biocomposite shows voids, fiber bending and fiber
pullouts (Fig.3c). Addition of 3% MMT clay -PLA/treated
aloevera fiber hybrid biocomposites shows more
number of voids and pullouts (Fig. 3d). These failure
mechanisms of biocomposites are evidence for
enhancement of mechanical properties. For example, the
addition of 1% MMT clay -PLA/treated aloevera hybrid
biocomposites exhibits higher mechanical properties
(Fig.1 and 2) which specify better fiber-nano-matrix
adhesive bonding which leads to higher load transfer

capacity (Fig.3b).

Fig.3d SEM images of A3 Hybrid biocomposite

5. CONCLUSIONS
The affects of MMT clay on structures and mechanical

properties of treated aloevera/PLA hybrid biocomposites
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have been presented. The flexural and tensile strength of
treated aloevera/PLA hybrid biocomposites containing
1% MMT clay (A1) were improved by 6.08 % and 10.53
%, respectively than PLA biocomposites (A). The
optimum content of MMT clay was observed to be 1 wt
%. It found from the that
PLA-30TAF-IMMTclay (A1) hybrid biocomposite shows
higher properties than other compositions composites. It

was results

is a strong competitor to alternate for conventional
The developed hybrid
biocomposite has potential to use in automotive,
Further

polymer based composites.

architectures and furniture applications.

research is under processing to examine the impact

strength, micro-hardness, thermal, biodegradable
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