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Abstract: This research work highlights the effect of banana fibre (BF) reinforcement in high-density polyethylene 
(HDPE) recycled polymer matrix from mechanical strength point of view. It has been observed that the tensile 
strength increases, with increase in BF reinforcement in HDPE matrix. The study suggests that melt flow index 
(MFI), decreases considerably by increasing the BF content in the HDPE matrix (from 9.73 g/10min for HDPE 
to 5.43 g/10min). The processing of the composites was possible by traditional method of screw extrusion and the 
finally prepared composite wire is also found thermally more stable. Finally this study provides a route map for 
managing polymeric as well as agri-waste from sustainability view point.
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extensively practiced, recycling of polymer materials 
has not reached maturity yet because of huge variety 
of the polymeric materials available [6]. Efforts 
have been made to recycle the post-consumer based 
plastics in order to reduce the environmental effect 
and consumption of virgin materials [7]. Further 
so many ways has been tried yet to recycle the 
plastic solid waste [8]. Al-Salem, 2010 describes 
all of them i.e., primary, secondary, tertiary and 
quaternary. When plastic products are discarded 
after a number of life cycles, mechanical recycling 
techniques present themselves as a candidate for 
utilizing a percentage of the waste as recyclate 
and/or filler. Mechanical recycling (i.e. secondary 
or material recycling) involves physical treatment, 
while chemical recycling and treatment (i.e. 
tertiary encompassing feedstock recycling) produces 
feedstock chemicals for the chemical industry [9]. 
In this present work recycling of plastic solid waste 
i.e., HDPE has been done by reinforcement of BFs 
in different proportions. Dispersion of BFs has 
been confirmed by mixing through a twin screw 
extruder (mini hake compounder make: Thermo-
fisher) as it has maximum degree of dispersion. 
Then sample wire from this has been obtained and 
tested for its mechanical properties like tensile 
strength and elongation on universal tensile tester 

introduction1. 

Polymers are the most versatile material in our 
modern day and age [1]. With certain chemicals 
and additives (pigments, concentrates, anti-
blockers, light transformers (LTs), UV-stabilizers, 
etc.), they become what we know as plastics. 
Packaging is the sector with the highest volume 
of consumption of polymeric materials such as 
plastics [2]. Over the past seventy years, the plastic 
industry has witnessed a drastic growth, namely in 
the production of synthetic polymers represented by 
poly-ethylene (PE), polypropylene (PP), polystyrene 
(PS), polyethylene terephthalate (PET), polyvinyl 
alcohol (PVA) and polyvinyl chloride (PVC). Plastics 
also contribute to our daily life functions in many 
aspects [3]. Household goods nowadays are mainly 
composed of plastic or plastic reinforced materials, 
from packaging, clothing, appliances and electrical 
and vehicle equipments, to insulations, industrial 
applications, greenhouses, automotive parts and 
aerospace [4]. Most plastic items sold become waste 
either within a year or after single life cycle (one use 
or trip) [5]. Yet still, waste polymeric articles present 
themselves as an advantageous feedstock. That is 
mainly due to their versatility and light weight.

Although recycling of materials such as 
aluminium, glass, and paperboard has been rather 
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(UTM). After analysing the results obtained from 
UTM, samples were put on to differential scanning 
calorimeter (DSC, make: Mettler Toledo) for their 
thermal behaviour. After obtaining all results 
Taguchi L9 has been employed for further analysis 
of results.

matErials and mEthods2. 

As stated earlier HDPE has been taken as matrix 
material for primary study because it is one of the 
majorly used material and easily available in local 
market in recycled form [10]. Further HDPE has 
been used by many researchers by reinforcement of 
different particles like, talc powder, waste printed 
circuit boards, recycled wood, sand, natural fibre in 
HDPE [11]. So HDPE has been collected from local 
recycling plant and then reinforcement of BFs has 
been added to HDPE in three different proportions 
i.e., 1%, 2% and 3% by weight then melt flow index 
of single matrix material and reinforced material has 
been tested according to ASTM-D-1238 standard. 
MFI is standard test for obtaining flow behaviour 
of polymer. Basis of making reinforcement in HDPE 
is to observe the mechanical and thermal behaviour 
of composite material.

ExPErimEntation3. 

As stated earlier this research comprises of a study of 
thermal and mechanical behaviour of the reinforced 
HDPE. For this, a methodology has been drawn and 
shown below.

figure 1: flow chart for process

At First, waste HDPE has been collected and 
washed for un-contamination of polymer. Un-
contamination is necessary because contamination 
of polymer can affect the properties of HDPE as well 
as reinforced material.

Basis of this study is to develop a wire that 
could be used in fused deposition modelling 
(FDM) machine. In this present work thermal and 
mechanical properties of wire have been studied. 
For this mixing of the different ceramic particles 
like BFs has been done by twin screw extruder (mini 
compounder). This machine ensures the high degree 
of dispersion of reinforcement in matrix material. 
Highly dispersed material from machine comes 
out in the form of the wire of different diameter 
depending upon the size of die attached.

After this, pallets were made for MFI testing 
of material. Pallets were fed in to the MFIer 
machine and then test was performed under defined 
conditions according to the ASTM standard. MFI 
values are shown in Table 1 in weight percentage.

table 1 
mfi Values

S.No. HDPE (Recycled) BF MFI (g/10 min)

1 100% – 9.73

2 99% 1% 6.53

3 98% 2% 6.01

4 97% 3% 5.43

After having all the values from MFIer, values 
were further taken for analysis. Then filament wire 
was made with help of screw extruder machine and 
prepared for mechanical testing on UTM. Taguchi 
L9 has been employed as design of experiment (see 
Table 2).

table 2 
control log of taguchi l9 Experiment

S.No. Temp (°C) 
(A) RPM (B) Proportion (By weight)*

(C)

1 120 20 99%+ 1%

2 120 25 98%+2%

3 120 30 97%+3%

4 130 20 98%+2%

5 130 25 97%+3%

6 130 30 99%+1%

7 140 20 97%+3%

8 140 25 99%+1%

9 1 30 98%+2%

*Note: In first subset 99 represents HDPE by weight and 2nd subset 
represents amount of BF by weight.

In Table 2, three parameter has been taken 
i.e., temperature, RPM and proportion of matrix 
material and reinforcement.
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Wire based on this Taguchi L9 has been prepared 
and tested on UTM for their mechanical strength. 
Control log of experiment has been shown in Table 3.

table 3 
results obtained from mechanical testing

S.No. PL (N) PS* (N/mm2)

1 24.98 9.85

2 25.93 10.23

3 27.93 11.01

4 22.69 8.56

5 23.34 9.20

6 26.01 10.25

7 26.70 10.52

8 29.02 11.44

9 31.43 12.39

Unreinforced 
Recycled HDPE

24.2 5.65

Note: PL-load at peak, PS- peak strength.

figure 2: main effects plot for sn ratio for peak 
strength

Further analysis of this design has been done 
by Minitab software and results have been obtained 
for SN ratio and mean values. Analysis for peak 
strength, peak load has been done. Graphs for the 
same have also been obtained and shown in Figure 2. 
Form Figure 2, it has been observed that increase 
in temperature resulted into SN ratio up to a 
certain limit but then after increase in temperature 
resulted into increase in SN ratio. Further in case 
of RPM increase in value resulted into increase in 
SN ratio. Hence it can be concluded that higher 
temperature and RPM gives the better results. 
After analysing graph Table 4 has been drawn from 
Minitab software itself for analysis of variance of SN 
ratio.

table 4 
analysis of Variance for sn ratio

Source DF Seq SS Adj SS Adj MS F P

A 2 6.7011 6.70107 3.35053 159.30 0.006

B 2 3.7523 3.75227 1.87613 89.20 0.011

C 2 0.1098 0.10980 0.05490 2.61 0.277

R. Error 2 0.0421 0.04207 0.02103

Total 8 10.6052

From Table 4 it can be clearly seen that P-value 
for temperature and RPM has came out to be less 
than 0.05. Hence these values are significant. There 
after Table 5 has been drawn as response for SN 
ratio.

table 5 
response table

Level A B C

1 20.30 19.65 20.42

2 19.38 20.21 20.24

3 21.16 20.97 20.18

Delta 1.78 1.32 0.23

Rank 1 2 3

Table 5 shows the contribution of individual 
component that has been taken in Taguchi 
optimization. In this, temperature has been given 
first rank on the basis of the contribution in 
properties of the final outcome. Similarly RPM and 
proportions are given 2nd and 3rd rank on the basis 
of contribution in properties respectively. Similarly 
analysis of load at peak has also been studied and 
analysed. Figure 3 shows the main effect plot for SN 
ratio for load at peak.

figure 3: main effects plot for sn ratio

From Figure 3, it has been observed that as the 
temperature increases value of peak load increases. 
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Same trend has been observed in case of RPM. 
However in case of proportions different trend was 
obtained as value of peak load decreases. Further 
Table 6 has been drawn for analysis of variance for 
SN ratio for the same.

table 6 
analysis of Variance for sn ratio

Source DF Seq SS Adj SS Adj MS F P

A 2 4.0855 4.0855 2.0427 639.88 0.002

B 2 2.1809 2.1809 1.0904 341.58 0.003

C 2 0.0875 0.0875 0.0437 13.72 0.068

R. Error 2 0.0063 0.0063 0.0031

Total 8 6.36044

Table 6 shows the P value obtained for each of 
the component in design of experiment. In case of 
the temperature and RPM P value obtained has 
value less or near to 0.05. Percentage error in this 
experimentation came out to be less than 2.5 %. Hence 
it can be concluded as successful run of experiments.

After this, response has been obtained for the 
same and shown in Table 7.

table 7 
response table

Level A B C

1 28.38 27.87 28.50

2 27.59 28.30 28.45

3 29.24 29.06 28.27

Delta 1.65 1.19 0.23

Rank 1 2 3

Table 7 shows the response for various component 
of design of experiments. Temperature has been 
given 1st rank and RPM and proportions have 
been given 2nd and 3rd rank respectively. Which 
concludes, RPM has maximum contribution After 
the mechanical testing of the filament wire, DSC test 
has been performed on the sample and discussed. 
Firstly, DSC test of recycled HDPE has been done 
to obtain various values of melting, enthalpy and 
decomposition of material.

Figure 4 shows the DSC graph for the unreinforced 
recycled HDPE performed for three subsequent 
cycles i.e., heating, cooling and heating. The purpose 
of performing three subsequent cycles is to remove 
manufacturing history pre-stored stresses. After first 
cycle of heating, material has been given a cooling 
cycle and again heating Cycle to get optimum value

figure 4: dsc curve for recycled hdPE

of output parameters. It can be interpreted that in 
first cycle of heating Material experiences a sudden 
drop in curve and continuously goes downward and 
melting takes place in 7th minute. After melting 
sudden drop can be seen in curve .This may be due to 
the melting of some impurity that may be presented 
in HDPE. It has been said earlier that material 
under investigation is recycled material it might 
contains some sort of contamination and pigment 
(colour). That is why contamination and pigment 
shows their effect in DSC curve. After 19th minute at 
temp 230°C, curve experiences a sudden hike. This 
hike in curve shows the decomposition of material. 
However HDPE starts decomposing at 400°C to 
800°C [12-14]. The decomposition discovered at 
230°C may be because of contamination that has 
been presented in HDPE. After this study DSC 
curve for reinforced HDPE has also been studied 
and shown in Figure 5.

figure 5: dsc curve for reinforced hdPE

In Figure 5 DSC curve for the reinforced HDPE 
has been shown. It has been observed that melting 
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of the material has occurred at 121.74°C. In case of 
unreinforced recycled HDPE, melting temperature 
was almost same as in case of reinforced HDPE 
i.e., 123°C. Again certain dips and hike occurred 
in curves. But this graph contains four cycles 
i.e., heating, cooling, heating and cooling. Curves 
obtained from both of the experiment were seems to 
be identical. This shows the adaptability of HDPE 
with reinforcements like BFs. After reinforcement 
of BF material shows the same thermal properties 
as in case of unreinforced HDPE.

conclusions4. 

This paper highlights the effect of reinforcement 
on mechanical and thermal properties of recycled 
HDPE. It has been observed that various input 
parameter like temperature; RPM and proportions 
have Influence on the mechanical properties of 
reinforced HDPE. As observed in results obtained 
from analysis of variance for SN Ratio of peak loads 
and peak strength, p-value showed the significance 
of the result. On the other hand thermal properties 
of the HDPE with and without reinforcements 
do not change to large extent. This behaviour of 
HDPE shows the adaptability of HDPE with BF. 
It has been concluded from this research work that 
reinforced HDPE, thus having enhanced mechanical 
properties, can be used to prepare FDM parts by 
using the reinforced filament wire.
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