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Abstract

A coupled device extruder and injection moulding were used to prepare biocomposites in order to provide a continuous 
and large-scale production, and overcome the fiber degradation inside the extruder. Two types of biocomposites were 
prepared, Sisal/poly(buthylene adipate-co-terephthlate) – PBAT and Juta/poly(lactide acid)/poly(buthylene adipate-
co-terephthlate) blend. The biocomposites were prepared with fiber as-received and alkaline treated. The mechanical 
properties of biocomposites were increased by the fibers content; and the alkaline treatment was efficient to promote a 
good adhesion between fiber and polymer. In the case of the Juta fiber, the alkaline treatment used was too strong and 
led to fiber degradation. The results presented here show an alternative and continuous process to obtain biocomposites 
with relevant mechanical properties using fiber roving and avoiding fiber degradation.

Keywords: biocomposite, natural fibers, PBAT, PLA/PBAT, alkaline treatment.

1. Introduction

The lower performance in mechanical properties is the 
main problem of some biodegradable polymers. One of the 
solutions for that is biocomposites prepared with some fillers 
and biodegradable polymer[1-4]. Most of the biocomposites 
acquired from natural fibers and biodegradable polymers 
are produced by solvent evaporation or hot compression[5-8]. 
For industrial purposes and large scale production the first 
choice is not appropriated and hot compression is limited to 
the size of the machine. Both choices are a not continuous 
process. Melt mixing is the best choice for the large scale 
production and it provides a homogenous mix of polymer 
matrix and fibers. Several researchers have been used 
internal mixer and extruder to prepared biocomposites[9-11]. 
Nonetheless, during melt mixing biocomposite preparation 
the fiber length and its integrity could be affected due to 
high temperatures and high rates of shear at extruder or 
mixer. A coupled device extruder and injection moulding 
were used here to prepare biocomposites in order to provide 
a continuous large-scale production process and avoid the 
fiber degradation inside the extruder.

2. Experimental Section

The polymers used were poly(buthylene adipate-co-
terephthlate) – PBAT and poly(lactide acid)/poly(buthylene 
adipate-co-terephthlate) – PLA/PBAT blend with Melt 
Volume-flow Rate (MVR) of 4 and 10 ml/10 min, 
respectively. The fibers used in this work were Sisal 
and Juta roving without any purification. Two types of 
biocomposites were prepared: Sisal + PBAT and Juta 
+ PLA/PBAT blend. The biocomposites were prepared 
with fibers as received and fibers submitted to alkaline 
treatment[12]. Fibers were mixed with the polymers by 

a coupled device extruder located after the matrix to 
protect fibers against high rates of shear and producing 
fiber-polymer pellets. The fiber contents on these pellets 
were 17.5 ± 3.5 and 9.2 ± 1.5 for Sisal + PBAT and Juta + 
PLA/PBAT blend, respectively. At least 5 fiber-polymer 
pellets were used for the fiber content calculation. Firstly, 
the samples were weighted and after that immersed in 
tetrahydrofuran (40oC) until complete dissolution. The 
solutions were filtered and the fibers were dried and 
weighted. The pulling speed of the fiber during the 
covering by the polymer was adjusted according to the 
melting viscosity of each polymer; consequently, the fiber 
content of fiber-polymer pellets for each kind of pellet is 
different. The fiber is located in the center of the pellets 
covered by the polymer (Figure 1a). The extruder device 
could not be shown here because it will be submitted to 
Patent analysis. Two compositions were prepared for each 
biocomposite. 1. 100% of “fiber-polymer pellets”; 2. 50% 
of “fiber-polymer pellets” plus 50% of neat polymer. The 
same compositions were prepared with treated fibers. The 
composition and designations of all samples are presented 
on Table 1. The same procedure used for calculation of 
fiber content with the fiber-polymer pellets was also 
used for the injected samples, with at least 5 pieces of 
each biocomposite. Injection-moulded samples were 
produced according to ASTM D638 for tensile tests. 
Extrusion (30 rpm) and injection process were carried 
out at temperatures below 200 oC to avoid fiber thermo-
degradation. For tensile strength measurements were 
conducted at 100mm/min at 25oC. After tensile testing 
the fractured surfaces of the specimens were observed 
using a JEOL JSM-6510 Scanning Electron Microscope 
operating at 15-20kV.
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 3. Results and Discussion

The methodology used here has two steps: extrusion 
and injection moulding. The fiber-polymer pellets were 
produced in the first step (extrusion). During the second 
step the fibers-polymer pellets were melted at high level of 
shear (injection). The surface image of the Biocomposite 
5 (Figure 1b) shows the fibers dispersed on the matrix. 
The same behavior was observed for all biocomposites. 
Table 2 shows the values of fiber contents calculated by the 
dissolution of the injected biocomposites samples.

Mechanical properties results and fiber content are 
presented on Table 2. The rigidity of the PLA/PBAT blend 
even at lower fiber content produced biocomposites with 
high values ​​of Elastic Modulus and Yield Stress. As presented 
on Table 2, there is a positive tendency in Elastic Modulus 
and Yield Stress following the inclusion of the fiber and its 
content increasing for PBAT systems. Meanwhile, the fiber 
treatment has no significant influence on these properties. 
The presence of the Sisal fiber and its content increasing 
led to the decrease of Yield Strain values as expected and 
published before for others systems since the fibers increases 
the rigidity of the composites[13]. At the same time, the Yield 
Strain is improved with the fiber treatment for biocomposites. 
These results indicate an improvement in adhesion between 
fiber and matrix as several researchers had already presented 
with others matrix and fibers[13]. A different behavior is 
found for Juta + PLA/PBAT. The presence of fiber and the 
increase of its content does not show any good correlation 
with mechanical properties. However, the treatment of Jute 

fiber leads to a negative effect on the mechanical properties, 
unlike what happened with Sisal fiber.

The Yield Strain data from Biocomposites 5 to 8 also 
show that the fiber treatment was not efficient to promote 
a good adhesion between the fiber and matrix or it was 
very intense and the fiber was degraded. Mechanical tests 
were performed with Sisal and Juta fibers before and after 
treatment. Tensile test conducted with the Sisal fiber has 
its value of stress at the breakpoint maintained around 155 
MPa even after treatment; whereas, Jute fiber lost 30% 
of this property. These results confirm one of the aspects 
supposed before.

Figures 2a and 2b show an example of the interface 
between fiber and matrix for biocomposites 1 and 2, 
respectively, without treatment. Even without being treated, 
the fiber remains linked to the matrix after tensile test. 
After treatment (biocomposites 3 and 4 – Figures 2c and 
2d, respectively), the Sisal fiber still has a good adhesion 
with PBAT matrix leading to stress transfer, consequently 
an improvement in mechanical properties.

Tensile fractured surface of untreated and alkalitreated 
PLA/PBAT-Juta biocomposites are shown on Figures 2e to 
2h. It is obvious that untreated Juta fiber and matrix present 
a poor adhesion and the fiber can be easily pulled-out. A 
great gap between fiber and matrix could be observed on 
both biocomposites. Figures 2g and 2h show an example 
of the interface between fiber and matrix for biocomposites 
7 and 8. No gap is observed on these two micrographs. 
The adhesion between Juta fiber and PLA/PBAT blend 
was enhanced by the fiber treatment. Similar results were 

Figure 1. Photography of PLA/PBAT + Juta fibers pellets produced by coupled device extruder (a); Photography of PLA/PBAT + Juta 
fibers sample produced by injection moulding (b).

Table 1. Designation and composition of all biocomposites and neat polymers.
Sample Composition of the pellets Designation

1 100% PBAT PBAT
2 50% PBAT/Sisal fiber no treated + 50% PBAT Biocomposite 1
3 100% PBAT/Sisal fiber no treated Biocomposite 2
4 50% PBAT/Sisal fiber treated + 50% PBAT Biocomposite 3
5 100% PBAT/Sisal fiber treated Biocomposite 4
6 100% PLA/PBAT PLA/PBAT
7 50% PLA/PBAT/Sisal fiber no treated + 50% PLA/PBAT Biocomposite 5
8 100% PLA/PBAT/Sisal fiber no treated Biocomposite 6
9 50% PLA/PBAT/Sisal fiber treated + 50% PLA/PBAT Biocomposite 7
10 100% PLA/PBAT/Sisal fiber treated Biocomposite 8
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observed for alkaline treatment in coir fiber in order to 
improve the interface fiber-matrix of the poly(butylene 
succinate) + coir fiber biocomposites[12].

In the case of Juta fiber, the treatment with NaOH was 
enough to improve the adherence but it led to degradation of 
the fiber. The results presented just confirm the supposition 
that the treatment was good for the compatibility but intense 
for the Jute fiber in terms of degradation.

4. Conclusions

A coupled device extruder and injection moulding 
were used to produce biocomposites with natural fibers 
(Sisal and Jute) and biodegradable polymers (PBAT and 
PLA/PBAT blend). The presence of the fibers increased 
the Elastic Modulus and Yield Stress of the neat polymers. 
Tensile fracture surface microscopies show that the alkaline 

Table 2. Mechanical properties results of all biocomposites and neat polymers.
Sample Fiber Content

(%)
Elastic Modulus

(MPa)
Yield stress

(MPa)
Yield strain

(%)
PBAT 80.3 ± 7.5 7.1 ± 0.5 20.6 ± 3.4

Biocomposite 1 13.3 ± 3.5 122.0 ± 14.6 7.9 ± 0.6 11.8 ± 1.5
Biocomposite 2 16.7 ± 4.1 236.6 ± 12.7 8.5 ± 0.2 9.0 ± 0.9
Biocomposite 3 13.4 ± 2.5 118.2 ± 4.8 7.9 ± 0.4 19.1 ± 0.6
Biocomposite 4 18.3 ± 5.1 192.5 ± 32.9 8.1 ± 0.9 16.0 ± 1.1

PLA/PBAT 825.8 ± 68.6 18.1 ± 0.7 6.8 ± 0.8
Biocomposite 5 4.9 ± 0.9 867.5 ± 76.3 16.5 ± 0.3 5.6 ± 0.9
Biocomposite 6 10.1 ± 1.1 1462.4 ± 204.1 20.5 ± 0.6 2.5 ± 0.3
Biocomposite 7 4.2 ± 0.7 752.6 ± 57.1 9.9 ± 1.4 2.7 ± 0.2
Biocomposite 8 7.7 ± 0.7 1178.7 ± 104.6 7.4 ± 0.8 1.8 ± 0.2

Figure 2. Tensile fractured surface of untreated (a and b) and alkalitreated PBAT-Sisal biocomposites (c and d) and untreated (e and f) 
and alkalitreated PLA/PBAT-Juta biocomposites (g and h).
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treatment was efficient to promote a good adhesion for both 
fibers. However, the alkaline treatment on the Juta fiber was 
too strong and fiber degradation could also be observed. 
The results show that the methodology used here is an 
alternative and continuous process to obtain biocomposites 
with relevant mechanical properties using fiber roving and 
avoiding fiber degradation.
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