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Abstract: Researchers are laying stress on developing the materials that are biodegradable in nature. In this 
paper, research has been carried out for development of biocomposite rod by reinforcing chopped untreated and 
alkali treated sisal (plant) fiber in polylactic acid (PLA) matrix. The chopped sisal fiber (1wt.%, 2wt.% and 3wt.%) 
are reinforced in the PLA matrix by extrusion process on single screw extruder. The mechanical properties of 
developed specimen have been evaluated by tensile test. The comparison between the virgin PLA rod, treated 
sisal fiber (TSF) and untreated sisal fiber (UTSF) composite rod have been made on the basis of results obtained 
from the tensile test. It is observed that the maximum tensile strength of 35.4 MPa for 3wt.% TSF/PLA is obtained 
which is greater from virgin PLA rod strength but the strength of the UTSF/PLA composite had decreased. SEM 
image analysis showed that the decrease in the strength of UTSF/PLA composite is due to weak interface bonding 
between matrix and fiber as more fiber pull outs and voids were observed in the images of UTSF/PLA composite 
as compared to TSF/PLA composite.

Keywords: Polylactic Acid (PLA), untreated sisal fiber (UTSF), treated sisal fiber (TSF), fiber reinforced polymer 
(FRP).

reduces the material cost and the final material 
obtained is green composite [5,11].

PLA is a biodegradable and biocompatible 
polymer made corn starch having large range of 
applications and many of the researches have been 
carried out this polymer due to its low production 
cost and less greenhouse emission [16].

Sisal fiber is widely used fiber in research works 
and is easily cultivated and available [3]. Sisal fibers 
are extracted from the sword shaped leaves of the 
sisal plant also called Agave sisalana mostly found 
in tropical countries of the far east, Africa and West 
Indies [9]. A sisal plant consists of 200±250 leaves 
and almost each leaf consists of 1000±1200 fiber 
bundles. Theses fiber bundles contains 4% fiber, 
8% dry matter, 0.75% cuticle and rest is water [14]. 
Each leaf consists of about 1000 fibers and weighs 
nearly to 600 gm. The sisal fiber is extracted from 
the leaf of the plant by retting followed by scraping 
or by mechanical means by the used of decorticators. 
Chand et. al., tells little about extraction of fiber from 

IntroductIon1. 

Depletion of renewable resources and increase 
in the use of the plastic products worldwide have 
lead concern of various researchers to develop 
material which will be eco-friendly to environment. 
So, effort has been made towards development of 
composites based upon natural fiber reinforcement in 
biodegradable matrix [1]. Many of the manufacturers 
are getting rid from the use composite material made 
of carbon, aramid and glass fiber due to growing 
awareness about environmental consciousness 
[13]. Natural fibers are preferred over traditional 
fibers like carbon and glass due their low cost, 
good specific properties, enhanced energy recovery, 
CO2 sequesterization, low density, easy retting 
and biodegradability. In addition to enhancement 
of the mechanical properties of the natural fiber 
reinforcement in thermoset, recycling possibility 
has also been added by use of thermoplastic matrix 
[12]. Reinforcing natural fiber not only enhances 
the mechanical and physical properties but it also 
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leaf [4]. Sisal fiber is rigid and coarse fiber having 
higher stiffness, resistance to deterioration in salt 
water, higher specific strength and durability. So, 
this fiber can be used as the reinforcing material in 
matrix in order to enhance its composite properties 
[10].

Natural fiber such as sisal, hemp, flax, and 
jute have good mechanical properties and can be 
considered as an alternative to the glass fiber in 
terms of strength and modulus [19-21]. Fiber consist 
of various components such as cellulose, lignin, 
waxes hemicellulose and pectin [8]. Natural fiber 
consist of hydroxyl group in cellulose up to greater 
extent which imparts hydrophilic properties to the 
fiber and this fiber when reinforced with polymer 
matrix results in poor interface in fiber and matrix 
and make composite hydrophilic in nature [2]. So, it 
is necessary to chemically process the fiber in order 
to increase the interface bonding between fiber and 
polymer. Chemical treatment of fiber decreases 
the hydrophilic nature as the chemical react with 
hydroxyl group of cellulose on the fiber surface.

Most of the research work had been carried 
out on natural fiber reinforced in the polymer by 
injection molding process, hand lay-up method or 
compression molding process. Very limited research 
is being carried out on development of rod using 
extrusion process. This paper communicates about 
development of biocomposite rod by reinforcing 
different fraction of treated and untreated sisal fiber. 
A comparison has been made between the virgin 
PLA sample and treated and untreated sisal fiber 
reinforcement on the basis of the tensile, flexural 
and hardness test. Surface morphology of the is also 
analysed by SEM images. Results are concluded 
after analysing the SEM images.

exPerImental2. 

2.1. material

PLA is a biodegradable polymer derived from corn 
starch, sugarcane etc. PLA granules 3052D injection 
grade were obtained from Natur Tech, Chennai. 
Figure 1 shows granules of PLA. Fiber of sisal 
are widely used in research as it has good tensile 
properties, elongation at break, strong in nature, 
bold, long and creamy white in nature. Fibers are 
bought from Go Green products, Chennai. Length 
of the fiber vary from 0.5-1.0 m. Figure 2 shows 
sisal fiber. For chemical processing of fiber sodium 

hydroxide (NaOH) pellets are bought from Shivas 
Chemical, Ludhiana. Further acetic acid treatment 
has been done to neutralize the fibers.

figure 1: Photographic image of Pla granules

figure 2: Photographic image of sisal fiber

2.2. chemical modification

Literature review revealed that chemical modification 
(alkaline treatment) enhances the properties of the 
FRP composite. Sisal fibers were chopped to the 
length of 2-10mm [15]. So, in this study sisal fibers 
were pre-cleaned with plain water to remove dirt 
sticking on the fiber, there after the dried fibers 
were treated with 5% NaOH solution for 2hrs by 
immersing it in the solution and then fibers were 
taken out and these were washed with distilled 
water several times in order to remove any trace of 
NaOH on the fiber. To adjust the pH of the sisal fiber 
acetic acid treatment has been given. Then the fibers 
are dried at room temperature for 48 hrs and then 
finally dried in air oven at 70°C for 6hrs. Procedure 
for the surface treatment of the fiber were followed 
as per the [12]. Treated and untreated chopped fibers 
are shown in Figure 3.

  
 (a) (b)
figure 3: Photographic image of (a) untreated sisal 
fiber (b) treated sisal fiber
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2.3. fabrication of specimen
Chopped sisal fiber were blended with the PLA 
granules using coconut oil as by adding coconut 
oil the PLA granules becomes sticky and sisal 
fibers get adhered to the granules. Samples were 
prepared by mixing 1wt.%, 2wt.% and 3wt.% of 
TSF and UTSF in virgin PLA granules along with 
virgin PLA samples. Composite rods were developed 
on single screw extruder machine and range of 
the lead screw rotation was kept between 20-40 
RPM and all the heaters were maintained at a 
temperature range between 130-150°C. The rotation 
speed and temperature ranges are set after pilot 
experimentation. Figure 4 shows schematic view 
of single screw extruder. Figure 5 shows samples 
extruded on single screw extruder.

figure 4: Photographic image of single screw extruder

figure 5: Photographic image of extruded samples

2.4. tensile testing
Mechanical testing like tensile was performed on the 
specimen prepared on UTM (Shanta Engineering, 
India). Virgin PLA, TSF/PLA composite and UTSF/
PLA composite sample with different fiber fraction 

were tested on machine as per the standard ASTM 
7205 respectively. Specimen tested for tensile are 
shown in Figure 6.

figure 6: Photographic view of tensile test specimen

results and dIscussIons3. 

3.1. effect of chemical treatment on fiber 
 surface
Effect of alkali treatment on the surface of the sisal 
fiber is studied by SEM investigation. Figure 7 
shows SEM images of the TSF and UTSF. It has been 
concluded that the surface roughness of the TSF 
is higher than that of the UTSF which ultimately 
increases the bonding of fiber with polymer matrix 
and hence increases the strength of the composite.

(a) treated fiber

(b) untreated fiber
figure 7: surface morphology of fiber by sem



158  Abhishek Punn, Jasmaninder Singh Grewal and Amrinder Singh Pannu

Surface treatment of the fiber leads to removal 
of the hydrogen bonding and chemical removes 
wax, lignin and oil from the surface of the fiber cell 
wall exposing the depolymerizes cellulose and short 
length crystallites. Moreover, hydroxyl group on 
the surface of the fiber is replaced by the sodium 
hydroxide group introducing alkoxide group to the 
fiber [8].

Fiber - OH + NaOH Æ Fiber - O - Na + H2O + 
impurities [8]

3.2. findings from tensile test
Table 1 shows the results of tensile strength of virgin 
PLA rod and TSF/PLA and UTSF/PLA reinforced 
rod and Figure 8 shows comparison of tensile test 
result between virgin PLA, TSF/PLA composite and 
UTSF/PLA composite.

table 1 
results of tensile test

Sample 
Name

Fiber Treated 
(T)/Untreated 

(UT)

Diameter
(mm)

Area 
(Sq.
mm)

Peak 
Load
(N)

Strength 
at Peak
(MPa)

S1 UT 14 153.86 2430.6 15.8

S2 UT 14 153.86 2759.6 17.94

S3 UT 14 153.86 3317.2 21.56

S4 Virgin 14 153.86 4237.6 27.54

S5 T 14 153.86 4761.7 30.95

S6 T 14 153.86 5077.3 33

S7 T 14 153.86 5446.6 35.4

figure 8: comparison of tensile test results

It is clearly depicted from the results that 
addition of fiber in the PLA matrix effects its 
properties. As untreated sisal fiber reinforcement 
results in decrease in the tensile strength to 21.5 
MPa from 27.54 MPa of virgin PLA. This is due to 
weak interface bonding between fiber and matrix 

and the decrease in the strength may also be 
attributed due to inadequate wetting of the fiber by 
PLA which lead to weak bonding [18,20]. Whereas 
tensile results showed that reinforcing TSF in PLA 
matrix increases the strength to 35.4 MPa 3wt.% 
from 27.54 MPa of virgin PLA. Tensile strength of 
the composite increases as the fraction of the fiber 
content increases from 1wt.% to 3wt.%. This is due 
to as the numbers of fiber present in the composite 
increases more fraction of load from the total load 
in taken by the fiber and hence strength increases. 
Moreover, with alkali treatment smaller fibers are 
formed due to breakage of the fibers bundles and 
this breakage of fiber is called fibrillation. Alkali 
treatment leads to increase the aspect ratio of fiber 
by decreasing the diameter of fiber, hence creates 
rough surface and this results in good adhesion 
between fiber and matrix [7].

(a)

(b)

(c)
figure 9: sem images of tensile specimen (a) virgin Pla 
(b) utsf reinforcement c) tsf reinforcement
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Tensile fractured SEM images Figure 9(a) 
revealed that as there were no voids observed in 
virgin PLA and the surface of the virgin was flat 
and less rough. From this it was concluded that 
the composite structure is brittle in nature as 
brittle fracture occurs at perpendicular to axis of 
the specimen. Figure 9(b) shows fractured surface 
of the UTSF/PLA composite in which cavities and 
fiber pull-out were observed and this is due to weak 
interface between fiber and matrix. Figure 9(c) 
shows fractured surface of TSF/PLA composite in 
which lesser voids and fiber pull-outs are observed. 
In this image fiber fracture is observed instead of 
fiber pull out from which it can be depicted that 
bonding between fiber and matrix is strong as 
compared to UTSF bonding

conclusIons4. 

The study concludes that there is enhancement in 
the tensile properties with reinforcement of TSF in 
PLA matrix. The treatment of sisal fiber with alkali 
solution reveals that chemical processing of fiber 
have great influence in enhancing the mechanical 
properties. It is also concluded that as the fiber 
fraction is increased 1wt.% to 3wt.% in the matrix, the 
properties of the composite increases. The chemical 
treatment in this study had reduced the cellulose 
content in the fiber and enhances the interface 
bonding in fiber and matrix. The SEM images of 
virgin PLA, TSF/PLA composite and UTSF/PLA 
composite indicates about bonding between the fiber 
and matrix and it also indicates about orientation of 
the fiber in the matrix. The study concludes that the 
bio composite rod has been developed successfully 
and further study can be carried out on development 
of hybrid biocomposite rod.
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