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Introduction

Most recently, biodegradable natural fiber blended 
composites have yielded better strength, good thermal 
stability, and enriched hardness. It is utilized in various 
domains such as structural, construction, electrical, and 
automotive [1, 2]. The different types of natural fiber and 
its composite fabrication techniques are reviewed, and the 
injection mold is suitable for complex net shape production 
and mass production [3]. Related to synthetic fiber, the 
natural fiber-made polymer composite was found to have 
better specific properties and be cost-effective [4].To enrich 
composites’ physical and mechanical characteristics, the 
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natural fibers are processed with chemical solutions and 
involve composite fabrication [5].

The natural fiber blended polymer composite is developed 
by the traditional route and evaluated its thermal qualities of 
composites. The evaluated results showed enhanced thermal 
qualities of composite related to unreinforced polymer matrix 
[6]. The kenaf and palm fiber inclusions enrich the HDPE 
composite functional characteristics via the injection route. 
Composite consists of maximum loading of kenaf natural 
fiber exposed superior tensile strength and good dynamic 
behavior [7]. The natural jute and palm fiber incorporated 
HDPE composite is prepared and evaluated through ASTM 
standards for its tensile, microstructural, and flexural 
strength behavior. The evaluation results are improved 
in tensile and flexural strength of fabricated composite 
containing maximum loading of natural jute and palm 
fiber [8]. Besides, the attention of natural fiber processed 
with chemical processing is used for composite fabrication 
for automotive applications [9]. The chemical-processed 
natural fiber-reinforced polymer composite facilitates 
superior adhesive action and better stability than mono 
polymer matrix [10]. The bast natural fiber is processed 
with NaOH solution and subjected to composite fabrication. 
It facilitates maximum tensile and flexural strength 
and enriches its hardness by including nanosilica [11]. 
Natural fiber extraction, processing techniques, chemically 
processed fiber characteristics, and biodegradation details 
are reviewed and reported that the polymer composite is 
made with chemically processed natural fiber’s maximum 
mechanical and thermal characteristics [12]. Amid the 
different technologies used for short fiber incorporated 
polymer composites, the injection molding route was cost-
effective and could produce large quantities [13]. The flax 
natural fiber-reinforced HDPE composite is fabricated 
through the injection mold technique. Influences of flax 
natural fiber on mechanical/thermal/wear behavior of HDPE 
composite are studied, and better mechanical/thermal/ and 
wear behavior is spotted as related to mono HDPE matrix 
without reinforcement [14]. Rachid et al. [15] developed a 
single-lap epoxy composite via the conventional route, and 
its characteristics were analyzed experimentally and using 
a finite element analysis route. The results recorded a better 
improvement in mechanical behavior, which is greater than 
mono epoxy composite without reinforcement.

The current investigation of past literature is detailed 
above, and it identified natural fiber-developed composites 
that are biodegradable and cost-effective. However, a lack 
of mechanical properties and high moisture absorption 
percentage is noted due to untreated natural fiber. The 
research synthesizes the flax natural flax fiber (alkali 
processed) reinforced waste HDPE recycled composites 
via the compression mold route. The impact of alkali-
treated natural flax fiber on moisture absorption resistance 

percentage, tensile, and microhardness is evaluated and 
compared with mono HDPE matrix. The evaluated results of 
the present investigation exposed better moisture absorption 
behavior with enriched tensile/microhardness on 30 wt% 
loading of flax natural fiber-made HDPE composite.

Fabrication of HDPE/Flax Natural Fiber 
Composites

The HDPE wastes are taken as a matrix material for 
this investigation. Waste HDPE is gathered from the 
environment, and the necessary processing is done to remove 
the dust and sand particles. Moreover, the HDPE polymer 
facilitates better chemical resistance, durability, flexibility, 
and ease of recycling [16].

Among the varieties of natural fiber, flax fiber is 
considered for HDPE composite fabrication due to its high 
strength, durability, better stability, good hypoallergenic, 
and biodegradability [17, 18]. The flax fibers are extracted 
from natural sources and involve a chemical surface process 
for enhancing the fiber’s physical and chemical qualities 
[19]. The extracted flax fiber is cleaned and dried for the 
initial step and dipped into a 5% alkali chemical solution for 
60 min. It supports enriching the fiber quality and limiting 
the fiber break [20]. The fibers are stirred uniformly using 
a mechanical stirrer at 100 rpm speed during the alkali 
process. It limits the waste dust and solid particles in the 
flax fiber. In the final stage, the flax natural fiber is dried by 
an electric dryer with an applied dryer temperature of 200 °C 
for 30 min. The chemical-treated flax fibers are shortened by 
4–6 mm and used for fiber reinforcement. Table 1 displays 
the physical properties of HDPE and flax fiber.

Amid the various fabrication techniques, the injection 
molding process is efficient, economical, and able to produce 
complex shapes [3 and 7] reason, the injection molding 
process is selected for HDPE composite fabrication. Figure 1 
presents the HDPE and its composite with different wt% of 
flax natural fiber processed with alkali solution fabricating 
injection mold setup. The four HDPE composites are 
synthesized, followed by Table 2.

Table  2 presents the details of the preparations for 
the HDPE composite sample 2. The required quantity of 
HDPE is taken and mixed with chopped flax natural fiber 

Table 1   Physical behavior of HDPE and flax natural fiber

Properties HDPE Flax fiber

Density in g/cc 0.94 1.5
Water absorption % 0.1 10 to 15
Melting point temperature in °C 135 –
Tensile strength in MPa 25–36 1500
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processed with alkali solution via a mechanical stirrer at 
100 rpm speed. The uniform blended HDPE/flax natural 
fiber is kept in a feedstock hopper directly connected to 
the injection heating barrel. Its temperature is enriched 
250–350 °C for HDPE-like semisolid stage degradation 
and interacts with flax natural fiber. In the meantime, the 
250 mm × 100 mm × 10 mm rectangular tool steel die is 
preheated to eliminate the shrinkage of the composite [6, 
7]. The semisolid state was mixed with flag natural fiber 
and injected into a tool steel die to get rectangular-shaped 
composite samples involved in evaluation measures. 
Finally, the injected composite sample is cured by elevated 

temperature for 30  min. The fabricated HDPE and its 
flax natural fiber-reinforced HDPE composite’s moisture 
absorption resistance behavior is evaluated and studied by 
ASTM D3039 and D762. ELMACH 40-ton capacity tensile 
testing machine is used for testing the composite’s tensile 
performance, and a 3 mm/min cross slide is maintained. 
Similarly, the ELMACH make Vickers hardness tester is 
used to evaluate the microhardness behavior of developed 
HDPE composite samples with 100 g load for 10 s. Besides, 
the three test samples are tested by each fabricated sample, 
and the mean of three is considered as the actual composite 
value with a 4% statistical error margin.

Result and Discussions

HDPE Composite’s Moisture Absorption Resistance 
Percentage

Figure 2 scatter diagram indicates the moisture absorption 
resistance qualities of HDPE and its HDPE composite 
prepared with different loading rates of flax natural fiber 
processed with alkali chemicals.

The HDPE matrix without flax natural fiber is measured 
by 34% of its moisture absorption resistance percentage. 
However, introducing 10 wt% natural fiber under alkali 
treatment exhibited a 38% of moisture absorption resistance 
percentage. It is higher than the mono HDPE matrix. The 
chemical processing of natural fiber causes a better moisture 
absorption resistance percentage compared to untreated 
natural fiber-made composites [8]. While the composition 
of alkali chemical-processed flax natural fiber is, 20 wt% is 
added into HDPE matrix, resulting in an enriched moisture 
absorption resistance percentage of 47% and significantly 
raises in moisture absorption resistance percentage to 54% 
on loading of 30 wt% flax natural fiber (alkali chemical 
treated). This composite attained a 59% hike related to the 

Fig. 1   Vertical-type injection mold machine

Table 2   HDPE and its flax natural fiber blended HDPE composites 
composition details

Sample Percentages of weight (wt%)

Flax natural fiber (Alkali 
treated)

HDPE wastes

1 0 100
2 10 90
3 20 80
4 30 70

Fig. 2   HEPE composites moisture absorption resistance percentages
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moisture absorption resistance percentage of the HDPE 
matrix without flax natural fiber. The enhancement of 
moisture absorption resistance percentage is due to chemical 
processing. Similar results are reported [10].

HDPE Composite’s Tensile Strength

The HDPE and its HDPE composite made with 0–30 
wt% of alkali chemical solution flax natural fiber tensile 
strength behavior are exploited  in  Fig.  3. The tensile 
characteristics of HDPE matrix without flax natural fiber are 
29 MPa. Moreover, the tensile strength of flax natural fiber 
(chemically treated) blended HDPE composite is higher than 
the mono HDPE and its evidence is provided in Fig. 3.

The tensile behavior of 10 wt% flax natural fiber blended 
HDPE is 35 MPa. The enrichment of tensile behavior is 
due to the appearance of chemical-treated flax natural fiber. 
It makes an effective joint that limits fiber dislocation [6]. 
Similarly, the HDPE composite fabricated with 20 wt% of 
flax natural fiber under chemical treatment is recorded at 
46 MPa. The effective fiber dispersion in the HDPE matrix 
is the reason for the hike in tensile strength. The highest 
tensile strength of 54 MPa is noted by the higher loading 
of flax natural fiber treated with an alkali solution could 
improve the fiber quality with improved adhesive strength. 
However, the HDPE composite with a maximum of 30 wt% 
of flax natural fiber processed with alkali chemicals exposed 
86% improvements in tensile behavior related to monolithic 
HDPE matrix. The even distribution of flax natural fiber and 
enriched adhesive action between the polymer matrix and 
fiber phase cause superior tensile strength [12].

HDPE Composite’s Microhardness

HDPE matrix and exposure of flax natural fiber-made 
HDPE composites microhardness are highlighted in Fig. 4. 
It indicates that the microhardness behavior of flax natural 

fiber processed with alkali chemicals is greater than that of 
the mono HDPE matrix. 24 HV notes that the microhardness 
of mono HDPE is marginally improved by adding flax 
natural fiber treated with an alkali solution.

The chemical solution processed natural fiber exposed 
better physical and mechanical behavior [8 and 10]. The 
10 wt% flax natural fiber treated with alkali fiber blended 
HDPE composite’s microhardness is exhibited by 32 HV, 
and 20 wt% alkali chemical surface treated flax natural fiber-
made HDPE composite is exposed to higher microhardness 
value of 34 HV, it is greater than the mono HDPE matrix. 
The alkali action improves adhesive strength and limits 
moisture absorption behavior [3 and 9]. However, the 
HDPE composite consists of a 30 wt% alkali-processed flax 
fiber composite recorded by 39 HV. It is greater than the 
mono HDPE matrix. It is improved by 62.5% compared to 
unreinforced HDPE composites [14].

Conclusions

The waste HDPE is recycled and utilized for composite 
fabrication, which is blended with flax natural fiber and 
processed with a 5% alkali solution concentration. The 
injection mold fabricated composites are involved in 
experimental testing, and the following conclusions are 
made.

•	 Four HDPE composite samples, including mono HDPE 
matrix, 10, 20, and 30 wt% of flax natural fiber (treated 
with alkali), are synthesized, and HDPE composite 
containing 30 wt% of flax natural fiber is exposed to 
superior moisture absorption behavior and hiked by 59% 
related to mono HDPE matrix.

•	 The tensile strength of HDPE composite with 30 wt% 
of flax natural fiber processed by alkali own maximum 

Fig. 3   HEPE composites tensile strength Fig. 4   HEPE composites microhardness
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tensile strength and enhanced by 86% compared to 
unreinforced HDPE composite sample 1.

•	 The HDPE with 30 wt% of flax natural fiber exposed 
marginal hike in microhardness of composite and 
exposed by 62.5% is greater than the microhardness of 
unreinforced HDPE.

•	 The optimum performance HDPE/30 wt% flax natural 
fiber composite is suggested for sports equipment 
applications.
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