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greater than the HDPE without bast fiber and nano-Al2O3 
particles.
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Introduction

Substituting natural fiber instead of synthetic fiber is the 
future for potential application during polymer composite 
production [1]. Natural fiber reflects poly-composite fab-
rication with prominent qualities such as reduced weight, 
biodegradability, good strength, nontoxicity, and ease of 
recycling [2, 3]. By implementing chemical processing, 
the natural fiber quality is enhanced with better adhesive 

Abstract  Hybrid polymer nanocomposite is embraced 
with natural fiber, promising applications because of better 
flexural strength, water resistance, lower moisture absorp-
tion, and extended life span. Besides, it faces the difficul-
ties of poor adhesive quality and larger moisture absorption 
nature outcomes, as well as a lack of composite perfor-
mance. The novel work is to synthesize the hybrid high-
density polyethylene (HDPE) nanocomposite by the adapta-
tions of 20 vol% chopped bast fiber, and 2, 4, and 6 vol% of 
nano-alumina (Al2O3) particles through hand layup aided 
thermal compression route, and its absorption of moisture, 
tensile strength, and hardness is measured. The hybrid high-
density polyethylene nanocomposite primed with 20 vol% 
bast fiber and 6 vol% nano-Al2O3 attained a low moisture 
absorption percentage (7 ± 0.2%), a high tensile strength of 
48 ± 2 MPa, and better hardness of 45 ± 0.2 HV, which are 
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qualities [4, 5]. Likewise, the assortment of the matrix 
material, reinforcements (size and shape), processing, and 
its parameters determine the qualities of the composite [6]. 
With distinct characteristics such as better strength, flex-
ibility, ductility, excellent chemical resistance, and economic 
reasons, the HDPE polymer was selected for bon replace-
ment applications [7].

Basalt and bast fiber implementations for automobile 
components applications enriched the polypropylene com-
posite functional characteristics. The appearance of natural 
fiber tailored enhanced mechanical properties such as 39 
and 44% enhancement in tensile and flexural strength of 
composite [8]. Sergi et al. [9] tested the life span of HDPE 
poly-composites made by hemp/basalt fiber combinations. 
The output showed that UV radiation, hydrothermal stress, 
and tensile performance were highly related to mono-HDPE 
polymer. They summarized that the higher loading content 
of natural fiber offered a superior life span and better tensile 
performance. Aji et al. [10] measured the dynamic mechani-
cal analysis of PALF and kenaf fiber incorporated HDPE 
composite. The HDPE composite quality was enriched by 
adding a lower loading rate for pineapple leaf, and varied 
loading content of kenaf fiber proved enhanced compos-
ite impact and tensile strength. They identified irrelevant 
dynamic loss due to unrated fiber length. Group of natural 
fibers, the bast fiber included green polymer-based compos-
ites of superior quality and durability. Faruque et al. [11] 
reviewed and summarized the categories of processing, 
behavior, and applications of HDPE green composites syn-
thesized with bast fiber. Recently, Gao et al. [12] developed 
an HDPE composite with varied straw fiber compositions 
and measured its quality. Scanning electron microscope 
exposed the straw fiber appearance in the HDPE matrix and 
was liked effectively. They noted good mechanical qualities 
with an extended life span. Metallographic, physical, flex-
ural, and tensile qualities were measured with inclusions of 
oil palm pressed fruit and jute fiber in a hybrid high-density 
polyethylene composite. The chemical-processed natural 
fiber with 20 wt% loading of jute fiber performed superior 
flexural, tensile, and physical qualities. The metallographic 
studies effectively linked HDPE and natural fiber structures 
[13]. The HDPE green composite was synthesized using a 
hot press machine, and its physical, surface morphology, and 
mechanical qualities were measured using the ASTM pro-
cedure. The findings showed that superior adhesive behav-
ior results improved the mechanical qualities of composite 
and applied for lightweight applications [14]. Besides, the 
high-density polyethylene composites were hybridized by 
the adaptations of natural fiber, resulting in enhanced impact 
toughness and excellent behavior [15].

According to the past literature, the processing of HDPE 
composite with natural fiber found low moisture absorp-
tion, tensile, and hardness values, and to overtake the 

issues, the current research aims to synthesize the hybrid 
HDPE nanocomposite with constant volume percentages 
(20%) of bast fiber treated by sodium hydroxide solution 
and its characteristics enriched via nano-alumina particle 
as 2, 4, and 6 vol% via hand layup associated with the ther-
mal press. The synthesized HDPE and hybrid HDPE nano-
composite’s moisture percentage, tensile, and hardness are 
measured and spot the hybrid HDPE nanocomposite with 
20 vol% bast fiber and 6 vol% nano-alumina has maximum 
tensile strength and hardness and low moisture absorption 
qualities related to other samples.

Materials and Methods

High-density polyethylene is a matrix because of its high 
strength, durability, low moisture absorption, and inert 
nature [9, 10]. The bast fiber and nano (50 nm)-alumina 
particles are picked as reinforcement and filler material 
for HDPE composite fabrication. Faruque et al. [11] sum-
marized bast fiber developed composite and 20 vol% bast 
fiber own better mechanical and thermal behavior. For 
this reason, the present study is considered by 20 vol%. 
Besides, alumina nanoparticles have better stability, hard-
ness, and thermal behavior [16]. The alumina nanoparticle 
is chosen as filler material. The bast fiber is involved in 5% 
sodium hydroxide solution treatment to enhance the bond-
ing quality [11]. Likewise, the alumina particles are heated 
at 200 °C for a span of 10 min. It assists in eliminating the 
unwanted moisture content. Based on Table 1, the HDPE 
composites were synthesized. Table 2 indicates the proper-
ties of HDPE, bast fiber, and alumina nanoparticles.

Table 1   HDPE composite fabrication—material ratios

Composites Material ratios in vol %

HDPE Bast fiber Nano-Al2O3

HDPE 80 20 0
HDPE HNC1 78 2
HDPE HNC2 76 4
HDPE HNC3 74 6

Table 2   Properties of HDPE, bast fiber, and alumina nanoparticles

Properties HDPE Bast fiber Al2O3

Density in g/cc 0.95 1.19 3.96
Tensile strength in MPa 26–28 112 –
Water absorption in % 0.01 7.34 –
Melting temperature in °C 100 – –
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Synthesis of HDPE and Hybrid HDPE 
Nanocomposite

The high-density polyethylene composite is established using a 
layup route associated with thermal pressing methods exposed 
in Fig. 1a and b, respectively. The HDPE sheet is placed over 
the hand layup table, and resin is applied. For now, the 20 vol% 
bast fiber and 2 vol% nano-alumina particles are blended uni-
formly through a blender machine. The bast fiber and alumina 
nanoparticles are uniformly blended with an epoxy resin/hard-
ener combination and applied over the HDPE layer. The next 
HDPE mat is placed over the layer. Finally, the compacted 
composite materials are covered with a Teflon sheet and placed 
in the thermal pressing machine with an applied temperature 
of 120–140 °C for 20–40 s at 20 MPa. Finally, the composite 
plates are shaped by behavior measurements.

Characteristics Study of Composite

The moisture absorption behavior of the composite is evalu-
ated for 1 week, and its absorption behavior is measured 
and followed by ASTM D57 every day. FIE’s tensile testing 
machine is used to measure the tensile behavior of HDPE 
hybrid nanocomposite with an applied feed rate of 2 mm/min, 
followed by the ASTM D3039 standard. With the ASTM 
D4762 standard, the hardness of developed composites is 
studied with a 100-g load at 10 s. Besides, the three trials are 
tested from each composite sample, and the three averages 
are considered a mean value with a permissible error of 5%.

Results and Discussion

Absorption of Moisture Behavior of Composite

The influence of bast fiber and nano-Al2O3 particles on 
moisture absorption percentages in high-density polyethyl-
ene composites is presented in Fig. 2.

Generally, the HDPE material has resistance to chemicals 
and good strength [6]. Here, Fig. 2 exposed the downtrend 
on the exposure of nano-Al2O3 particles as 2, 4, and 6 vol%, 
respectively. The HDPE bonded with 20 vol% bast fiber 
indicates 10 ± 0.5% moisture absorption and is exploited by 
9 ± 0.3% on loading 20 vol% bast fiber with 6 vol% nano-
Al2O3 particles. The sodium hydroxide-treated bast fiber 
offered good moisture absorption resistance behavior com-
pared to HDPE. Moreover, the improved loading content of 
nano-Al2O3 particles in HDPE/20 vol% bast fiber explored 
better moisture absorption resistance percentage, and hybrid 
HDPE nanocomposite HNC3 is limited by 42% in mois-
ture absorption resistance percentage. The NaOH-treated 
bast fiber, influenced by the better adhesive quality, reduced 
porosity, and improved crystallinity, reduces the overall 
moisture absorption percentage of HDPE composite.

Tensile Strength Behavior of Composite

The tensile strength performance of HDPE and HDPE 
HNC 1, 2, and 3 exposed in Fig. 3 and identified as uptrend 
because of good adhesive bonding strength within the 
matrix, and bast fiber/nano-Al2O3 particles could endure 
the tensile load. Previously, Negawo et al. [14] summarized 
the content of natural fiber appearance in the HDPE matrix 
facilitated maximum mechanical strength qualities.

The tensile strength of HDPE composite made with 
20 vol% bast fiber is 33 ± 0.2 MPa, and the inclusion of 
2 vol% of nano-Al2O3 particles in HDPE matrix shown 
36 ± 0.1 MPa for a reason for the effective pinning strength 
may restrict the fiber and particle displacement. The load-
ing of nano-Al2O3 particles greater than 2 vol% notified the 
uptrend of the tensile strength of the composite. Besides, the 
HDPE HNC3 composite has maximum tensile strength qual-
ity and relates with HDPE, which is enhanced by 45.45%. 
The hybrid combinations cause the better tensile perfor-
mance of the composite. The same approach is reported 
by Ahmed et al. [15]. The effective adhesive joint strength, 

Fig. 1   HDPE composite fabrication a hand layup setup and b ther-
mal compression setup

Fig. 2   Moisture absorption behavior of composite
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increased fiber crystallinity, decreased moisture absorption, 
and surface impurities are the prime reason for the enhance-
ment of tensile strength. A similar trend is reported by Adin 
and Kilickap [17].

Hardness Behavior of Composite

The nature of HDPE is low hardness value [18, 19] and 
is enriched by adding the 20 vol% bast fiber and 2, 4, and 
6 vol% of nano-Al2O3 particles. Here, Fig. 4 indicates the 
hardness value of HDPE and its hybrid HDPE nanocompos-
ites. Besides, it exploited significant enhancement in hard-
ness value compared to HDPE composite.

The hardness value of HDPE with 20 vol% bast fiber is 
22 ± 0.1HV and raised by the inclusions of 2 vol% of nano-
Al2O3 particles liberates 35 ± 0.2HV for coarse bonded 
structure with reduced particle gap. The HDPE HNC2 
composite hardness indicated 41 ± 0.2HV and attained a 
maximum hardness of 45 ± 0.2HV on 6 vol% of nano-Al2O3 
particles in HDPE/20 vol% bast fiber. The fine dispersion 
of nano-Al2O3 particles interlinked with bast fiber causes 
good hardness value and is enhanced by 104% compared to 
20 vol% bast fiber in HDPE composite. The combination of 

ceramic and fiber enhanced the maximum hardness value 
[20, 21].

Conclusions

The hybrid high-density polyethylene nanocomposite is 
produced by a constant volume percentage of bast fiber 
(20%) and varied loading of nano-alumina through a hand 
layup route associated with the thermal mold process. The 
qualities such as moisture absorption resistance percentage, 
tensile strength, and hardness of HDPE and HDPE HNC1, 
HNC2, and HNC3 are measured using the ASTM approach. 
The appearance of nano-alumina loading in HDPE/20 vol% 
facilitates excellent performance, and the hybrid HDPE 
nanocomposite (HDPE HNC3—HDPE/20 vol% bast fiber/6 
vol% nano-Al2O3 particles) is indicated optimum perfor-
mance related to other HDPE composite specimen. The 
moisture absorption resistance percentage, tensile strength, 
and hardness of HDPE HNC3 hybrid nanocomposite were 
enhanced by 42%, 45.45%, and 104%, comparable to HDPE 
composite made with 20 vol% of bast fiber (sodium hydrox-
ide treated).
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