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Abstract
In the present work, sugarcane bagasse (SCB) fibers were used as natural 
reinforcement to low-density polyethylene matrix to benefit from and get rid of 
unexploited Egyptian natural resources in bio-composites applications. The samples 
were prepared by injection molding processes using various fiber content (10 wt%, 
20 wt% and 30 wt%). The fibers were treated chemically with 3% sodium hydroxide 
(NaOH) to improve compatibility and adhesion with the matrix. Maleic anhydride 
was added as a coupling agent to improve interfacial adhesion. The mechanical 
properties such as tensile and flexural tests were performed according to ASTM 
standards. The chemical resistance of fabricated composites was also examined. The 
results indicated that the alkali treatment modified the fiber surface and increased 
the interaction between the fiber and the matrix. They also showed that adding 
the coupling agent improved the interfacial adhesion between the fibers and the 
polyethylene. Additionally, the results showed that the maximum improvement of the 
fabricated composites with various fiber loadings was found at the 30 wt% treated 
coupled composites with tensile strength (17.5  MPa) and flexural (19.6  MPa). 
This reflected an enhancement in tensile strength by 41% and flexural strength by 
72% at 30 wt% fiber compared to the neat polymer, respectively. The results also 
indicated that chemical resistance decreased with increasing fiber content. But it was 
found that the chemical resistance for aqueous solution 3.5 wt% Nacl was enhanced 
when the coupling agent was used. The greatest improvement in the resistance was 
observed for coupled treated SCB composite, followed by coupled untreated SCB 
composites. This reflected that the addition of maleic anhydride (MAPE) along with 
the composites improved the chemical resistance of the composites for aqueous 
solution 3.5 wt% Nacl.
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Introduction

The interest in natural fiber-reinforced polymer composite (NFCs) materials 
is rapidly growing [1]. Natural fibers have many advantages like availability, 
renewability, low density and price effectiveness as well as satisfactory 
mechanical properties and being more environmentally friendly which make 
them an attractive ecological alternative to glass, carbon and man-made fibers 
in manufacturing composites. There exists a variety of natural fibers, including 
coir, hemp, banana, borassus, sisal, jute, agave leaf fibers, tamarind, flax, kapok, 
kenaf and bagasse, that can serve as reinforcements in polymer composites [2–4]. 
These fibers consist primarily of cellulose, hemicelluloses, lignin, pectin’s, waxes 
and water-soluble substances [5–7]. They are commonly utilized in production 
of structural components of automotive industry such as panels, doors, roofs and 
covers, as well as in the creation of furniture such as office chairs and door panels 
[8, 9].

Although natural fibers have numerous advantages, such as being 
biodegradable and renewable, they also have some drawbacks. These include 
their hydrophilic nature, high moisture absorption and poor resistance to 
high temperatures. In addition, there is a tendency to form aggregates during 
processing and incompatibility with polymer matrices, which are major 
challenges in manufacturing composite materials containing natural fibers [10]. 
These issues can result in poor wetting, weak interfacial adhesion and limited 
stress transfer between the two interfaces, which can significantly hinder the 
development of strength [11, 12]. To overcome these problems, physical and 
chemical treatments are recommended to modify the fiber surfaces [9]. One of 
the simplest, most inexpensive and most effective strategies is the alkali treatment 
of fibers, which increases their surface roughness, rigidity and hydrophobicity, 
as well as their adhesion with polymer matrices [13–16]. Another method to 
enhance bonding between LDPE and SCB is to add maleic anhydride to the 
LDPE matrix, which acts as a compatibilizer to improve interfacial bonding and 
mechanical properties of the composite. Sugar cane bagasse, a fibrous residue 
left over after juice extraction from sugar cane, is an eco-friendly material that 
can replace conventional fibers [17]. It is widely generated in high proportions in 
the agro-industry, making it a potential resource for industrial use due to its high 
cellulose content [18, 19].

Several studies have investigated the mechanical properties and chemical 
resistance of natural fiber-reinforced polymeric matrices [15–30]. Hossain et al. 
[21] examined the effect of chemical treatment on the tensile properties of single 
sugarcane fiber bundles. They found that alkali treatment and neutralization 
by acetic acid solution improved the tensile strength and modulus of the fiber 
bundles. Vidyashri et  al. [22] reinforced an epoxy polymer with sugarcane 
bagasse fiber to form natural fiber-reinforced composites and found that treated 
fibers exhibited improved mechanical properties. Neto et al. [23] used sugarcane 
bagasse fibers as a filler in composites with recycled high-density polyethylene 
(RHDPE) as a matrix and found that chemical modification of the fibers increased 
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the compatibility between the matrix and reinforcement, leading to improved 
mechanical properties of the composite. Oladele et al. [24] studied the effect of 
mercerization of SCB fiber by sodium hydroxide on the mechanical properties 
of composites and found that mercerized composites exhibited improved tensile 
and flexural properties compared to unmercerized composites. El-Fattah et  al. 
[25] prepared HDPE/SCB fiber composites and found that the addition of 
compatibilizing agent maleated polyethylene improved the tensile strength and 
modulus of the composite. Cao et  al. [26] prepared biodegradable composites 
reinforced with SCB fiber before and after alkalitreatments and found that the 
mechanical properties of composites made from alkali-treated fibers were better 
than untreated fibers, with approximately 13% improvement in tensile strength, 
14% in flexural strength and 30% in impact strength. Subramonian et  al. [27] 
studied the effect of reinforcing PP matrix with alkali-treated SCB with different 
fiber loading and found that composites with 30 wt% of fiber loading exhibited 
maximum tensile strength. They also observed that flexural strength and modulus 
were greater than the original polypropylene.

Although the most of investigated studies showed an improvement in the 
mechanical properties of polymeric matrix reinforced by natural fiber, there are 
another studies showed that a decrease in the mechanical properties of polymeric 
matrix reinforced by natural fiber. While many studies have shown an improvement 
in the mechanical properties of polymeric matrices reinforced by natural fibers, 
other studies have reported a decrease in these properties. Saini et al. [28] evaluated 
the effect of filler content, particle size and alkali treatment of bagasse powder 
on the properties of PVC and found that the tensile strength, percent elongation 
at break and impact strength of composites decreased. Simão et  al. [29] studied 
highly filled composites of PP and sugarcane bagasse fiber with and without alkali 
treatment and found that while the alkali treatment modified the fiber surface and 
chemical composition, flexural modulus and flexural strength did not achieve the 
values for pure PP, indicating poor stress transfer. Ramaraj [30] investigated the use 
of SCB waste as a reinforcing filler in thermoplastic polymer matrix by preparing 
SCB-reinforced polypropylene (PP) composites and found that while all properties 
increased with increasing filler loading, the tensile strength and elongation 
decreased.

This study aims to investigate the impact of two chemical treatments on the 
interface affinity of low-density polyethylene (LDPE) composites reinforced with 
SCB fibers, produced through injection molding processes. The first treatment 
involved the use of alkali treatment as a pretreatment for SCB fibers to remove 
the non-cellulosic component covering the surface of individual fibers, while the 
second treatment involved chemical modification of the LDPE polymer with maleic 
anhydride as a compatibilizer to increase the compatibility between the fiber and the 
matrix. The study evaluated the effect of treated SCB fiber loading (10, 20 and 30 
wt%) with and without MAPE on chemical resistance, mechanical properties and 
morphological properties of the composites. We hypothesize that SCB bio-fillers 
have a promising future as a new reinforcement in polymer composites due to their 
low cost, low density, environmental friendliness, good mechanical properties and 
potential for valorizing abundant and unexploited Egyptian resources.



	 Polymer Bulletin

1 3

Experimental work

Materials

The low-density polyethylene (SABIC® LDPE HP20023) was used as the starting 
matrix with density of 923 kg/m3, a melt flow index of 20 g/10 min (190 °C/2.16 kg) 
and a melting temperature of 112 °C. Table 1 shows the physical and mechanical 
properties of the low-density polyethylene. In addition, Table 2 shows CAS number 
of the materials used in this study. The sugarcane bagasse (SCB) used as filler was 
directly obtained from sugarcane mills.

Sugarcane bagasse preparation

Fresh bagasse fibers were collected using a hand crushing machine after they were 
crushed for juice extraction. Once the juice was extracted, the bagasse fibers were 
dried in sunlight to reduce moisture content. The fibers were then cut into parts of 
approximately 300-mm length using a knife and crushed using a crushing machine. 
The average length of bagasse fibers after crushed was 6–10 mm. The fibers were 
soaked in 3% aqueous sodium hydroxide solution for 48 h.

Treating SCB with NaOH induces fibrillation, breaks down SCB bundles 
(4–7  mm) and results in a rough surface. This process can lead to better fiber 
wetting, enhanced fiber–matrix interfacial adhesion and improved mechanical 

Table 1   The physical and 
mechanical properties of low-
density polyethylene (LDPE)

Property Polyethylene

Density (g/m3) 923
Melt flow rate at 190 °C and 2.16 kg 20 g/10 min
Tensile strength (MPa) 9
flexural strength (MPa) 7
flexural modulus (MPa) 175
Strain at break (%) 150
Izod impact strength (J/m) 500
Hardness shore D 45

Table 2   CAS number of the 
materials

The material CAS number

Low-density polyethylene (LDPE) 9002-88-4
Maleic anhydride (MAPE) 108-31-6
Sodium hydroxide 1310-73-2
Sodium chloride 7647-14-5
Acetic acid 64-19-7
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properties. The fiber was boiled in this solution for two hours until it became soft 
[31–33]. Figure 1 depicts the raw sugarcane bagasse and the alkali treatment of the 
extracted fibers.

The fibers were washed multiple times with water to eliminate any NaOH 
solution adhering to the fiber surface. Subsequently, the fibers were soaked in a 1% 
dilute acetic acid solution and fresh water to neutralize the excess sodium hydroxide 
[13]. The fibers were dried in a hot air oven at 65  °C until a constant mass was 
observed to remove the moisture [14]. Table 3 provides information on the chemical 
composition of SCB before and after treatment.

Processing

To produce the composites, ground SCB fiber was mixed with polyethylene 
pellets. Both the bagasse fiber and the LDPE were dried in an air oven to prevent 
void formation. The desired amount of fiber and matrix (10 wt%, 20 wt% and 30 

Fig. 1   The alkali treatment process of extracted sugarcane bagasse fibers
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wt% of untreated and treated cellulose and cellulignin fibers) was weighed, and the 
composites were prepared with 3 wt% of MAPE based on the total composite weight 
of low-density polyethylene (LDPE) composites [34]. After that, the composites 
were directly injected in a mold with specific dimensions. Figure  2 shows the 
fabrication steps for injected composites, and Table  4 shows the composition of 
fabricated samples.

Characterization

Tensile test

A Jinan Test Machine WDW 100 KN universal testing machine, supplied by Jinan 
Xinluchang Testing Machine Co., Ltd in Jinan City, Shandong Province, China, was 

Table 3   The chemical 
composition of sugarcane 
bagasse fiber in nature and after 
treatment

Components Fiber before treatment 
(%)

Fiber after 
treatment 
(%)

Cellulose 38.08 75.48
Hemicellulose 19.87 12.28
Lignin total 7.27 2.4

SCB LDPE

Injection Molding Machine

MoldSample
s

Fig. 2   The fabrication steps for injected composites



1 3

Polymer Bulletin	

Ta
bl

e 
4  

C
om

po
si

tio
n 

of
 fa

br
ic

at
ed

 sa
m

pl
es

D
es

ig
na

tio
n

D
es

cr
ip

tio
n

SC
B

 (M
f %

)
M

al
ei

c 
an

hy
dr

id
e 

(M
f %

)
LD

PE
 (M

f %
)

N
ea

t L
D

PE
Pu

re
 p

ol
ye

th
yl

en
e

0
0

10
0 

(1
00

0 
gm

)
U

T
U

nt
re

at
ed

 S
ug

ar
ca

ne
 b

ag
as

se
 re

in
fo

rc
ed

 p
ol

ye
th

yl
en

e 
m

at
rix

10
 (1

00
 g

m
)

0
90

 (9
00

 g
m

)
20

 (2
00

 g
m

)
80

 (8
00

 g
m

)
30

 (3
00

 g
m

)
70

 (7
00

 g
m

)
T

Tr
ea

te
d 

Su
ga

rc
an

e 
ba

ga
ss

e 
re

in
fo

rc
ed

 p
ol

ye
th

yl
en

e 
m

at
rix

10
 (1

00
 g

m
)

0
90

 (9
00

 g
m

)
20

 (2
00

 g
m

)
80

 (8
00

 g
m

)
30

 (3
00

 g
m

)
70

 (7
00

 g
m

)
U

TM
U

nt
re

at
ed

 S
ug

ar
ca

ne
 b

ag
as

se
 re

in
fo

rc
ed

 p
ol

ye
th

yl
en

e 
m

at
rix

10
 (1

00
 g

m
)

3 
(3

0 
gm

)
87

%
 (8

70
 g

m
)

20
 (2

00
 g

m
)

77
%

 (7
70

 g
m

)
30

 (3
00

 g
m

)
67

%
 (6

70
 g

m
)

TM
Tr

ea
te

d 
Su

ga
rc

an
e 

ba
ga

ss
e 

re
in

fo
rc

ed
 p

ol
ye

th
yl

en
e 

m
at

rix
10

 (1
00

 g
m

)
3 

(3
0 

gm
)

87
%

 (8
70

 g
m

)
20

 (2
00

 g
m

)
77

%
 (7

70
 g

m
)

30
 (3

00
 g

m
)

67
%

 (6
70

 g
m

)



	 Polymer Bulletin

1 3

used to carry out the tensile test in accordance with ASTM D638 type V [8]. Dog 
bone-shaped samples were used and held in a gripper while the ram was loaded at a 
crosshead speed of 2 mm/min. The average tensile strength value of five samples for 
each composition was calculated, and the results were obtained by averaging at least 
five samples and calculating the standard deviation.

Three point flexural test

The flexural strength of the prepared samples was examined using a three-point 
flexural test using Shimadzu universal testing machine (Model AGIS10, 20  kN) 
in accordance with ASTM D790 [34]. The test was conducted at 25  °C with 
a crosshead speed of 2 mm/min using a support span of 64 mm with dimensions 
of 100  mm × 10  mm × 4  mm. Flexural strength of the composites material was 
determined according to Eq. (1).

where F is the applied load (N), L is the support span (mm), w and t are the width 
and the thickness of the specimen (mm), respectively. However, the modulus of 
elasticity in bending was calculated according to Eq. (2).

where m is the slope of the tangent to the initial straight-line portion of the 
load–deflection curve.

Degradation test

The chemical resistance tests of SCB/LDPE composites are conducted in accordance 
with the ASTM D 543-87 method, using a 3.5 wt% sodium chloride solution as the 
chemical solvent. The materials are weighed and immersed in the solution for 36 
days at room temperature. After the immersion period, the samples are removed, 
rinsed with distilled water and dried between filter sheets. The percentage of weight 
gain is then calculated by using the following equation [35, 36].

Scanning electron microscopy (SEM)

The dispersion/distribution of fibers in the polymer matrix and the morphological 
behavior of untreated and chemically modified fiber surfaces, as well as the corroded 
surfaces of natural composites, were examined using scanning electron microscopy 
(SEM) with a FEI Quanta 3D 200i instrument.

(1)�f =
3 ∗ F ∗ L

2 ∗ w ∗ t2

(2)Eb =
L3 ∗ m

4 ∗ w ∗ t3

(3)%weight gain =
final weight − original weight

original weight
∗100
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Results and discussion

Morphological properties

The microstructure of the manufactured composites containing 30 wt% sugarcane 
bagasse fibers, untreated and treated, with and without a coupling agent is illustrated 
in Fig. 3a–d. Figure 3a shows that gaps are developed around the fibers which may 
be due to the effect of the processing condition which led to the fiber debonding 
with the matrix. The fiber pullout indicates poor competability between the fibers 
and the matrix. SEM observations reveal a relatively poor interfacial adhesion in the 
fabricated composites with untreated fibers Fig.  3a as compared to the fabricated 
composites of the treated fibers Fig. 3b. Another observations reveal good interfacial 
adhesion in the fabricated composites with addition of coupling agent Fig.  3c. 
The maximum improvement in interfacial adhesion in the fabricated composites 

Fig. 3   SEM micrographs of SCB/LDPE bio-composites. a Untreated composite, b treated composite, c 
untreated coupled composite, and d treated coupled composite
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was achieved by adding coupling agent and treating the natural fiber with NaOH 
solution Fig.  3d. This may because of the treated fiber surface is much rougher 
than that of untreated SCB fiber which created an interlocking mechanism with the 
surface of matrix [37]. This resulted in better bonding at the fiber/matrix interface 
because alkali treatment removed the impurities and waxy substances from the fiber 
surface that promoted a good chemical bonding between the fiber and the matrix 
[38, 39]. In general, it was observed that the interfacial bonding between the fiber 
and the matrix was good. It was also observed that there was a good distribution 
and dispersion of the fibers in the matrix, which indicated a good affinity at the 
fiber and matrix interface. The addition of the coupling agent led to a significant 
improvement of interfacial adhesion. It can be easily seen that the fiber is little 
pulled-out because contacts between the matrix and the fibers improve with the 
addition of compatibilizer [16]. The presence of the coupling agent resulted in better 
adhesion between fiber and LDPE matrix as shown in Fig. 3b–d. The fibers were 
well wetted by the matrix, and there was a fiber breakage due to strong adhesion and 
the covalent bonds between the fiber and the matrix [40–43].

Tensile properties

Figure  4 shows the typical stress–strain curves for compatibilized and non-
compatibilized SCB/LDPE composites. In addition, the tensile properties of 
the composite materials are shown in Table 5. As shown in Fig. 4, it is clear that 
increasing the fiber loading from 10 to 30 wt% SCB fiber improves the tensile 
strength of the composites. The evaluation of the tensile strength and Young’s 
modulus of neat LDPE compared to compatibilized and non-compatibilized LDPE 
composites is shown in Figs. 5 and 6. As shown in Fig. 5 and Table 5, the maximum 
tensile strength of the fabricated composites with various fiber loadings was found 
at the 30 wt% treated coupled composites with tensile strength (17.5  MPa). The 
tensile strength of the fabricated composite with 30 wt% treated coupled composites 
recorded improvement by 41% as compared to neat LDPE. Figure  6 and Table  4 

Fig. 4   Tensile stress–strain curves for compatibilized and non-compatibilized SCB/LDPE composites. a 
Untreated and treated composites without coupling agent and b untreated and treated composites with 
coupling
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show the recorded Young’s modulus of fabricated composites as well as neat LDPE. 
The maximum value of Young’s modulus was (553  MPa) and recorded for the 
fabricated composite with 30 wt% treated coupled composites. The improvement in 
Young’s modulus of fabricated composites with 30 wt% treated coupled composites 
compared to neat LDPE was 254%. The results indicated also the tensile strength 
and Young’s modulus of fabricated composites with alkali-treated fiber were better 
than untreated one. The tensile strength and Young’s modulus showed a significant 
increment for 30 wt% alkali-treated fiber loadings (28.6 and 246%, respectively) 
compared to neat LDPE.

Table 5   The mechanical properties of the composite materials

Sample Tensile strength 
(MPa)

Tensile modulus 
(MPa)

Flexural strength 
(MPa)

Flexural modulus 
(MPa)

Neat LDPE 12.47 ± 1.15 156.4 ± 1.28 11.4 ± 61 162.4 ± 7.55
10%UT 11.7 ± 73 228.7 ± 1.89 12.1 ± 49 177 ± 5.87
20%UT 12.7 ± 52 327.35 ± 95 15.5 ± 5 223.8 ± 3.18
30%UT 13.4 ± 41 412.38 ± 4 15.8 ± 1.41 231 ± 4.61
10%UTM 12.9 ± 62 250.92 ± 1.78 13.1 ± 1.3 180 ± 9.6
20%UTM 13.7 ± 38 348.77 ± 22 16.1 ± 2.36 255.8 ± 5.62
30%UTM 14.5 ± 86 508.8 ± 83 16.5 ± 96 321.7 ± 7.57
10%T 13.4 ± 51 256.09 ± 4.16 14.1 ± 1 197 ± 2.17
20%T 14.7 ± 38 445.74 ± 2.18 17.4 ± 7 301.8 ± 94
30%T 16.03 ± 1.52 541.04 ± 2 17.9 ± 2.46 331.9 ± 4.01
10%TM 14.5 ± 96 329.49 ± 66 15.3 ± 1 224.2 ± 10.7
20%TM 15.5 ± 1.07 479.16 ± 88 18 ± 4 315.8 ± 4.97
30%TM 17.5 ± 52 553.47 ± 3.87 19.6 ± 45 354.3 ± 1.55

0
2
4
6
8
10
12
14
16
18
20

10% 20% 30%

Fig. 5   Tensile strength of the injected composite materials at different fiber loadings and various 
treatments
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These results are in agreement with previous investigations carried out on 
polymeric composites reinforced by natural fiber. Vidyashri et  al. [22] concluded 
that the chemically treated sugarcane bagasse fiber added to epoxy polymer recorded 
improvement in the mechanical of the composites. According to Neto et  al. [23], 
chemical modification of sugarcane bagasse increased the compatibility between the 
recycled high-density polyethylene (RHDPE) matrix and reinforcement, leading to 
improved mechanical properties of the composite. Arrakhiz et al. [44] also observed 
enhanced mechanical properties of LDPE composites reinforced with Doum fibers, 
with a 145% improvement in Young’s modulus at 30 wt% fiber loading compared to 
the neat polymer. El-Fattah et al. [25] investigated the effects of SCB fiber content 
and the addition of a compatibilizing agent, maleated polyethylene, on composite 
properties. They found that the compatibilized composites exhibited better tensile 
strength and modulus than the uncompatibilized composites. In addition, Cao et al. 
[26] prepared biodegradable composites reinforced with SCB fiber, both before and 
after alkali treatments, and evaluated their mechanical properties. They determined 
that the mechanical properties of the composites made with alkali-treated fibers 
were superior to those made with untreated fibers, with increases of approximately 
13% in tensile strength, 14% in flexural strength and 30% in impact strength.

In general, the untreated SCB demonstrated less tensile strength than the alkali-
treated SCB. This could be attributed to the pull out of fibers and the limited 
debonding between the untreated fibers and matrix [39]. The addition of MAPE 
to the composites showed the highest tensile strength and young’s modulus for all 
of the composites. This may be due to the improvement in the interfacial bonding 
compared to the treated fibers [14, 43]. The surface of the fiber with MAPE addition 
allowed direct bonding between the MA functional group and the microfibrils 
cellulose OH groups causing a better stress transfer from the matrix into the fibers 
[9, 11].

Flexural properties

Flexural stress–strain curves, the flexural strength and Young’s modulus of LDPE 
as well as the untreated and the treated SCB composites with different SCB fiber 
loadings are presented in Figs. 7, 8 and 9. The results showed that the mechanical 

Fig. 6   Tensile modulus of the injected composite materials at different fiber loadings and various 
treatments. a Untreated and treated composites without coupling agent and b untreated and treated 
composites with coupling
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Fig. 7   Flexural stress–strain curves for compatibilized and non-compatibilized SCB/LDPE Composites. 
a Untreated and treated composites without coupling agent and b untreated and treated composites with 
coupling

0

5

10

15

20

25

10% 20% 30%

Fig. 8   Flexural strength of the injected composite materials at different fiber loadings and various 
treatments

Fig. 9   Flexural modulus of the injected composite materials at different fiber loadings and various 
treatments. a Untreated and treated composites without coupling agent and b untreated and treated 
composites with coupling
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properties are strongly changed with fibers treatment Fig. 7. The flexural strength 
of neat LDPE was found to be 11.4 MPa. It was also found that increasing SCB 
fiber loading improved the flexural strength of the fabricated composites as 
shown in Fig.  8. It was observed that increasing fiber content from 10 to 30%, 
the flexural strength of LDPE composites increased from 12.13 to 15.84  MPa 
for untreated SCB composites. This may be due to the favorable entanglement 
of the polymer chain with the fiber, which had overcome the weak fiber–matrix 
adhesion with increasing fiber content [45].

The flexural properties of the SCB were observed to vary after treatment 
with alkali and increasing SCB fiber loading. Specifically, the flexural strength 
increased from 14.13 to 17.94  MPa for the composite fabricated with 10 wt% 
alkali-treated fiber and 30 wt% alkali-treated fiber, respectively. This improvement 
could be attributed to the accuracy, homogeneity and bonding of SCB fibers into 
the LDPE matrix [1]. Additionally, for the 30 wt% alkaline-treated fiber loadings, 
the flexural strength and Young’s modulus showed remarkable improvement, with 
a 57% and 105% increase, respectively, compared to neat LDPE.

The highest value of flexural strength (19.6  MPa) was observed for coupled 
composite with 30% fiber loading, which increased by 72% compared with that of 
neat LDPE. The coupling agent (MAPE) improved interfacial bonding between 
the fiber and the matrix and improved the flexural strength [20, 36]. Meanwhile, 
the Young’s modulus of the treated coupled composite was 118% higher than that 
of neat LDPE. The flexural strength of the untreated SCB/LDPE composites was 
lower than that of the treated SCB/LDPE composites for all SCB-loaded LDPE 
composites.

These results are in agreement with previous investigations carried out on 
polymeric composites reinforced by natural fiber. Arrakhiz et al. [44] found that 
the mechanical properties of Doum-fibers reinforcing LDPE composite were 
enhanced. The flexural modulus increased by 135% at 20 wt% fiber loading. Cao 
et  al. [26] found that the mechanical properties of the composites made from 
alkali-treated fibers were better than untreated fibers. Approximately, 14% in 
flexural strength was found. Subramonian et al. [27] found that flexural strength 
and flexural modulus of reinforcing PP matrix with alkali-treated SCB were 
greater than original polypropylene.

Cerqueira et al. [46] conducted a study to investigate how modifying chemicals 
affect the mechanical properties of composites made from SCB fiber and PP. 
The results showed that the flexural strength of the composites was enhanced 
compared to the pure polymer. Suradi et  al. [47] also found that alkaline 
peroxide treated fiber composites had better flexural properties than untreated 
fiber composites, and the addition of the coupling agent (MAPP) improved the 
properties of the composites.

In conclusion, the improvement in tensile and flexural strengths/Young’s modulus 
depends on the alkali treatment and the coupling agent. The treatment removes the 
waxy layer from SCB fibers, which enhances the loading of SCB fibers in LDPE 
[48]. The untreated SCB fibers were more porous and less dense than the treated 
SCB/LDPE composites due to the pullout of SCB fibers. Unlike untreated SCB 
fibers, the LDPE matrix allows the treated SCB fibers to be embedded into it [49].
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Degradation behavior

Degradation tests were performed to find the ability of the composites to 
withstand exposure in 3.5% NaCl solution. The weight gain for the neat LDPE, 
treated and untreated sugarcane bagasse-reinforced low-density polyethylene 
with different chemicals is shown in Fig.  10. SCB/LDPE composite samples 

Fig. 10   Chemical resistance behavior of SCB/LDPE composites immersed in NaCL solution at different 
fiber loading. a 10%SCB, b 20%SCB and c 30%SCB
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absorb chemicals more than LDPE matrix sample. The results showed that the 
absorption increases with the increase of fiber weight percentage. This is due to 
hydrophilic nature of SCB fiber which is responsible for absorption of composite. 
And also, the increase of voids at fiber–matrix interface influences increasing the 
solution absorption of composites [33].

According to Fig. 10, it is clear that weight gain % increases when the fiber-
reinforced matrix was untreated and chemically treated. On the other hand, the 
chemical resistant for NaCl solution was enhanced when the coupling agent was 
used. The highest improvement in the resistance was observed for coupled treated 
SCB composite, followed by coupled untreated SCB composites. Sugarcane 
bagasse fiber surface is treated with MAPE to improve the wettability. The 
reaction between hydroxyl groups of SCB fiber and the chemical regents reduced 
the hydrophilic –OH group, resulting in increased interfacial bonding between 
the fiber and PE matrix in the composites. In general, the weight increase of the 
composites was larger for aqueous solutions, and this was expected due to the 
hydrophilicity of the fiber [39].

Yousif et  al. [50] revealed that treatment of fiber could decrease damage by 
water absorption. Moisture containing other constituents, on the other hand, 
will change the absorption performance of natural fiber-reinforced composites. 
Such as, in salt water, salt precipitates on the fiber surface. Wang et al. [51] also 
confirm that treatment of natural fibers with different chemicals may help to 
reduce its moisture regain.

The changes in the surface morphology of the SCB plastic specimens under 
SEM after immersion tests are shown in Fig.  11. After the immersion in 3.5% 
NaCL solution, small cavities were appeared on the surface of the specimens. 
It was also found that cavities were observed with fabricated composites with 
untreated sugarcane bagasse fiber, while the surface of fabricated composites with 
treated coupled composites appeared more resistance to salt water absorption.

Fig. 11   SEM micrographs of SCB/LDPE composites with coupling agent in NaCL solution. a Untreated 
composite and b treated coupled composite
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Conclusions

Utilizing sugarcane bagasse (SCB) fibers as a natural reinforcement in low-density 
polyethylene (LDPE) composites was investigated as a means to utilize untapped 
Egyptian natural resources. Composites with varying fiber concentrations (10, 20 
and 30 wt%) were produced, with the fibers being chemically treated to enhance 
compatibility and adhesion with the matrix. The addition of maleic anhydride as 
a coupling agent was also employed to improve interfacial adhesion. The findings 
revealed that

1.	 Alkali treatment resulted in surface modifications of the fibers, leading to 
increased fiber–matrix interaction.

2.	 The inclusion of the coupling agent enhanced interfacial adhesion between the 
fibers and polyethylene.

3.	 Overall mechanical properties, such as tensile strength and flexural strength, were 
improved compared to the neat polymer.

4.	 The maximum tensile strength of the fabricated composites with various fiber 
loadings was found at the 30 wt% treated coupled composites with tensile strength 
(17.5 MPa)

5.	 The maximum value of Young’s modulus in tensile test was (553 MPa) and 
recorded for the fabricated composite with 30 wt% treated coupled composites.

6.	 The highest value of flexural strength (19.6 MPa) was observed for coupled 
composite with 30% fiber loading.

7.	 The Young’s modulus of coupled composite with 30% fiber loading was 
(354 MPa).

8.	 The chemical resistance decreased with increasing fiber content. But it was found 
that the addition of maleic anhydride (MAPE) improved the chemical resistance 
of the composites.
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