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In the current scenario, many natural fibers available in the world can be used in various applications in the day-to-day life of
biomedical products, automobile parts, industrial products, etc. Biocomposites can replace or serve as a framework allowing
the regeneration of traumatized, degenerated tissues, and organs, thus, improving the patients’ quality of life. This research
work is aimed at fabricating and investigating the natural biopolymer composites for biomedical applications. There are two
sets of fiber composites fabricated in this research work. Ramie fiber considers a common base fiber for both composites.
Hemp fibers and coir fibers were considered as filler in this research work. Biodegradable and bioresorbable polypropylene
resins are used to fabricate the biocomposite using the compression moulding technique. Different proportion specimen
mechanical properties were compared for bone fixtures and joint applications. The contour plots and bar charts were plotted
to identify the variations in the volume percentage. The individual fiber specimens also have significant properties when
compared with the composite fibers. Then, the individual superior property-based combinations such as hemp and coir fiber
mixed with biodegradable and bioresorbable polypropylene/ramie fiber were recommended to produce joints and bone fixtures
to alleviate pain for patients.

1. Introduction

Synthetic polymer and biodegradable polymers are com-
monly used in bioplastic production. Biomedical applications
are currently fulfilled by using natural fibers; it can be eco-
friendly and offer a safe environment. The natural fibers con-
sidered for this investigation such as (a) ramie fibers, (b)
hemp fibers, and (c) coir fibers were mentioned in Figure 1.
Mamtaz et al. [1] give information about the composites of
natural fibers through the water absorption basis with the
help of various experiments. They mentioned the impact of
sodium hydroxide concentration and different theoretical

considerations with the number of mathematical relation
equations and definitions. Van Krevelen [2] entirely
explained the various details of the polymers such as natural
fiber with different verities list in a clear approach. He also
gives details about the fiber matrix by way of interfacial
bonding. He also produced straightforward potentials sum-
maries regarding numerous fibers mainly the hemp fiber.

Shahzad [3] studied the important and necessary charac-
teristics such as thermal characteristics, time versus residual
weight plots, temperature versus weight plots, and heat flow
for the hemp fiber. They concluded that hemp fibers are
good for glass fibers based on their basic characteristics
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except for the variability. Similarly, the matrix of biodegrad-
able polymers, thermoset, and thermoplastic produced the
greater results of the mechanical characteristics over the
glass fibers. But the major disadvantage of the hemp fiber
is moisture absorption which the surface treatment on the
composites can reduce.

Rajak et al. [4] give the basic details of the various natu-
ral fibers like Luffa, palm, jute, banana, rice husk, kenaf, cot-
ton, sisal, hemp, ramie, flax, and abaca also mentioned the
synthetic fibers. They provide the reinforcement details
and the matrix with the corresponding applications and pro-
duction technique in a neat presenting method. Shahzad [5]
reviewed various papers and gave details about the hemp
fiber composites, and he mentioned that they could be used
for automotive parts and domestic furniture. This fiber is
also used as a good replacement for reinforcement of the
glass fibers. The compression moulding is suitable for hemp
fiber which can be used with resins like polyethylene and
polypropylene. They also give recommendations for the
thermoset and thermoplastic materials related to composite
reinforcements.

Munde et al. [6] discussed the coir fiber, and they focused
on the characteristics based on the damping and vibration.
The epoxy resin, polyethylene, and polypropylene were identi-
fied as suitable for this coir fiber. The injection moulding or
the extrusion methods were used to produce the components
based on the structural of automobiles. Chen et al. mentioned
the resins like polypropylene and polyolefin were suitable for
the ramie fibers in the injection moulding method. This fiber
can be used in various biomedical applications [7].

Sebe et al. [8] clearly explained the hemp fibers rein-
forced composites with polyester for basic mechanical prop-
erties like impact strength and flexural strength. They used
the moulding method as resin transfer. The considered
mechanical characteristics are improved concerning the per-
centage of the fiber content in the composite. Aziz and
Ansell [9] investigated the polyester reinforcement of hemp
fiber with Kenaf fiber composite mechanical characteristics.
They used two conditions like alkali-treated and without
treatment. The flexural modulus and strength reached the
greatest values for the alkali-treated composites compared

with the treatment condition. They also focused on the
resins used for the composite preparation and concluded
that polyesters had produced greater strength.

Panthapulakkal et al. [10, 11] expressed that the hybrid-
izing method is suitable for the composites of the natural
fibers and synthetic fibers based on maximum mechanical
characteristics. But they preferred the natural fibers because
of their biodegradability. Djafar et al. [12] experimentally
analysed the reinforced composites of the ramie fibers with
epoxy resin and woven ramie fibers. They only focused on
bending and tensile stress with SEM images and Fourier
transform infrared spectroscopy analysis results. Yu et al.
[13], Paiva et al. [14], and Goda et al. [15] studied and
expressed ramie fiber is the suitable fiber for the reinforce-
ment composites when compared to other fibers. It has the
maximum usage in textile productions. It has the greatest
tensile property from four hundred to a maximum of
1600MPa; these values are greater than jute and flax fiber.
Ramie is the preferred fiber for the research.

(a) (b) (c)

Figure 1: Schematic view of natural fibers: (a) ramie, (b) hemp, and (c) coir.

Table 1: Natural fiber composite of ramie fiber and hemp fiber set
including the resin.

Sl. no Ramie fiber (wt%) Hemp fiber (wt%)

1 100 0

2 75 25

3 50 50

4 25 75

5 0 100

Table 2: Natural fiber composite of ramie fiber and hemp fiber set
2 including the resin.

Sl. no Ramie fiber (wt%) Hemp fiber (wt%)

1 100 0

2 75 25

3 50 50

4 25 75

5 0 100
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Srinivas et al. [16] explained natural fiber composites
and mentioned the basic properties of the coir, ramie, and
hemp fiber. Lakshumu Naidu et al. [17] mentioned various
natural fiber basic physical properties and chemical proper-
ties. Mwaikambo [18], Ticoalu et al. [19], and Sen and Reddy
[20] explained the various applications of the various natural
fibers among the important applications were discussed.
Hemp fiber is used in products for construction, furniture,
packaging materials, textiles, etc. Similarly, coir fibers are
also used for roofing sheets, casing of mirrors, ropes,
brushes, paper weights, etc. Likewise, ramie fiber can be used
as nets for fishing, filter cloths, materials for backing the
products, sewing threads, furniture, etc.

There are many reports on the mechanical and physical
properties of natural fiber reinforced polymer composites,
but the effect of coir fiber and hemp fiber on the mechanical
behavior of ramie fiber reinforced polymer composites is
scarcely reported. The objective of this research work newly
attempts to prepare the biopolymer for biomedical applica-
tions using different natural fibers. The prepared composites
were tested to find the tensile strength, percentage of elonga-
tion, and Young’s modulus properties. Ramie fiber considers
as the base fiber. The different volume percentages of hemp
fiber and coir fiber were taken. There are two sets of fiber
composite fabricated for the properties comparison. One

set is the composites of the ramie fiber with hemp fiber
and another composite created with ramie fiber with coir
fiber in various combinations of volume percentage of the
fiber. The basic desirable mechanical properties were mea-
sured and compared to identify the fibers’ maximum
output-based volume percentage contribution.

2. Experimental Setup

There are two sets of composites fabricated. They are
increasing hemp fiber concentration and decreasing ramie
fiber concentration in total volume. In this investigation,
two sets of composite fiber combinations in each set contain
the ramie fiber’s participation in the percentage of volume in
total volume. The fiber composite of set 1 contains the ramie
fiber with hemp fiber in various proportions as per Table 1.
Similarly, the composite of set 2 contains the ramie fiber
with the coir fiber in different proportions as per Table 2
with reducing ramie fiber volume with the incremental
volume of the coir fiber volume in the total volume of the
composites.

In this investigation, the two sets of composite fiber
combinations in each set contain the ramie fiber’s participa-
tion in the percentage of volume in total volume. There are
two sets of composites fabricated. The fiber composite of

(a) (b)

Figure 2: Tensile test: (a) UTM machine and (b) composite specimens—ASTM D3822.

Table 3: Experimental results of set 1 and set 2.

Fiber with ramie fiber %
Percentage of
elongation %

Tensile strength
(MPa)

Density (g/cm3)
Young’s modulus

(GPa)
Hemp Coir Hemp Coir Hemp Coir Hemp Coir

0 2.6 2.6 512 512 1.57 1.57 43 43

25 2.394 6.88 608 455.6 1.552 1.514 48.25 35.8

50 2.188 11.16 704 399.2 1.534 1.458 53.5 28.6

75 1.982 15.44 800 342.8 1.516 1.402 58.75 21.4

100 1.57 24 992 230 1.48 1.29 69 7
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set 1 contains the ramie fiber with hemp fiber in various pro-
portions as per Table 1, like increasing hemp fiber concen-
tration and decreasing Ramie fiber concentration in total
volume. Similarly, the composite of set 2 contains the ramie
fiber with the coir fiber in different proportions as per
Table 2 with reducing ramie fiber volume with the incre-
mental volume of the coir fiber volume in the total volume
of the composites.

There are five composites created for each set of combi-
nations. The biodegradable and bioresorbable polypropylene
is used as a resin because it can be suitable for these three
fibers. Hemp and coir have the individual mechanical prop-
erties higher and lower, respectively, when compared with
the ramie fiber. So, the impacts of the combinations were
considered for this investigation. The ancient method like
compression moulding is selected to ASTM D3822 standard
produce the specimens in 120mm × 150mm × 10mm [21].
The two sets have similar dimensions. There are nine differ-
ent specimens prepared because 100 percentage ramie fiber
results can be used for both sets.

There are four different mechanical properties identified
through testing. Tensile strength, percentage of elongation,
and Young’s modulus can be done with Figure 2 mentioned
universal testing machines with the standard specifications
of the specimens. Tensile test and percentage of elongation
were done in the same specimen. Based on these two values,
Young’s modulus can be derived by the relation of the stress-

strain equation-based calculations. The measuring weight
comparison can identify the density of the specimens with
the volume occupied relation such as unit mass per volume.
Then, the corresponding values are identified for the
analysis.

3. Results and Discussion

The experimental results were tabulated in Table 3 for set 1.
They set 2 of the composite combinations, but the table
mentions both coir and hemp fiber only because the ramie
fiber covers the remaining percentage of the composite for
both sets of composites. So the comparisons were also cre-
ated with the coir and hemp fiber only, and there is also
the mention for ramie fiber which is understood.

Figure 3 mentioned the percentage of elongation result
comparison as a bar chart. 100% of coir have the highest
percentage of elongation which is the individual composite.
But the combination of 25% of ramie and 75% of coir fiber
composite reached the maximum elongation (15.44%) and
the minimum percentage of elongation (1.982%) obtained
by the composite of the composite 25% of ramie and 75%
of hemp fiber. These percentage elongation variations are
also represented as the contour plot in Figure 4 with various
colours. The minimum and maximum percentage variations
were mentioned as the various intensity in the diagram with
different colours. The minimum range starts from 0 to 5%,
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Figure 3: Comparison of the experimental results of percentage of elongation.
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Figure 4: Comparison of the experimental results of elongation as contour plot.
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and the highest intensity is reached for the 20 to 25% of
elongation percentage.

The tensile strength-based result was mentioned in the
bar chat in Figure 5 and the contour plot in Figure 6 for clear
identification. The highest tensile strength is achieved for the
100% of the hemp fiber composite specimen. There is no

ramie fiber contribution. So the maximum tensile strength
such as 800MPa is obtained for the composite with 75% of
hemp fiber with 25% of the ramie fiber composite [18]. Sim-
ilarly, the lowest tensile strength was obtained for the 25%
ramie fiber with 75% coir fiber composite. But the coir
fiber-based maximum tensile strength is obtained at
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Figure 6: Comparison of the experimental results. Tensile strength as a contour plot.
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455MPa of tensile strength for the composite with 75% of
ramie fiber, and the remaining 25% is coir fiber in the total
volume of the composite.

Figures 7 and 8 showed the experimentally measured
and calculated density values variations of the composites
as the graphical representation of bar chart and contour plot,
respectively, with the standard deviation of 1.25 [19]. The
maximum density is obtained for the individual fiber com-
posite of the ramie fiber composite such as 1.57 g/cm3. Sim-
ilarly, minimum density can be reached for the individual
fiber specimen of the coir fiber as 1.29 g/cm3. But the
combination-based composite of 75% ramie fiber and 25%
hemp fiber reached a higher density of 1.552 g/cm3 than

the composite of the 25% coir and 75% ramie fiber-based
density of 1.514 g/cm3. Contour plots have the two variation
regions only such as 1.5 to 2.0 g/cm3 and 1.0 to 1.5 g/cm3.

The outcomes of Young’s modulus of set 1 and set 2
were mentioned in Figure 9 as a bar chart similar to
Figure 10 as a contour plot. The highest Young’s modulus
(69GPa) value is reached for 100% of the hemp fiber indi-
vidual composite. Similarly, a very low Young’s modulus
value such as 7GPa is reached for 100% of individual coir
fiber composite [20]. But the combination of mixing-based
composite has the following results. The 75% of hemp and
25% of ramie fiber composite reached the highest Young’s
modulus as 58.75GPa.
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Similarly, the 25% of coir fiber and 75% of ramie fiber
composite produced 35.8GPa of Young’s modulus value
[21]. The individual ramie fiber composite has Young’s
modulus of 43GPa. The use of hemp fiber and coir fiber
mixed with biodegradable and bioresorbable polypropyle-
ne/ramie fiber can produce joints and bone fixtures to allevi-
ate pain for patients.

4. Conclusions

This examination of comparison of properties on ramie fiber
with hemp fiber and coir fiber composites gives the follow-
ing as a comparison results

(i) Both the combination of set 1 and set 2 of the fiber
composite can be produced

(ii) From the tensile strength analysis, the set 1 results
provided the higher tensile values (704MPa) com-
pared to set 2 results (399.2MPa) for the proper-
ties such as tensile strength

(iii) In density analysis, set 1was registered as 1.54 g/cm3,
and set 2 was registered as 1.458 g/cm3 in Young’s
modulus analysis. Set 1was recorded as 53.5GPa
and set 2 was recorded as 28.6GPa

(iv) For tensile strength and Young’s modulus on
75% of hemp fiber with 25% of ramie fiber com-
posite produced the maximum values (tensile
strength: 608MPa, Young’s modulus: 48.25GPa)
among the composite fibers considered for this
investigation

(v) From density analysis, 25% of hemp fiber and 75%
of ramie fiber reached the maximum density
among the composite fibers were observed as
1.516 g/cm3

(vi) The percentage of elongation of set 2 has greater
results than the set 1 fiber composites such as
15.44%

(vii) Here, 25% of the coir fiber with 75% of the ramie
fiber produced the maximum % of elongation
results

(viii) Hence, the ramie fiber with hemp fiber (set 1) is
suitable for the tensile strength, density, and
Young’s modulus-based biomedical applications.
The ramie fiber with coir fiber (set 2) is suitable
for elongation-based biomedical applications

(ix) The use of hemp fiber and coir fiber mixed with bio-
degradable and bioresorbable polypropylene/ramie
fiber can produce joints and bone fixtures to allevi-
ate pain for patients
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