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Abstract

The availability of raw materials obtained from natural resources in
Brazil has motivated their use in the development of more sustainable
technologies to obtain novel materials. In this regard, the combination
of renewable high density polyethylene (HDPE), obtained from
ethanol produced from sugarcane, with residues generated from the
production of sponge-gourds, which are generally burnt, was
investigated. The residues were characterized according to their
moisture, lignin, soluble extractives, ash contents and density, and
thermogravimetric analysis was also carried out. The milled waste
material was then blended (10-40%wt/wt) with renewable HDPE by
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extrusion. Specimens were injection-molded for the assessment of
properties such as tensile, flexural and Izod impact strengths. The
morphological and thermal properties were also investigated. The
results show that the addition of the waste material affected all of the
properties studied, which were similar to those reported in the
literature for composites produced with HDPE obtained from a fossil
source. It was found that the sponge-gourd waste has good potential
for application as a cellulosic filler, aimed at providing a totally
renewable composite with improved tensile modulus and tensile and
flexural strength properties compared with the pure renewable HDPE,
without altering the thermal properties.

1. Introduction

The sponge-gourd belongs to the botanical family Cucurbitaceae and the
gender Luffa. The most well known and cultivated species in Brazil is Luffa
cylindrica, comprised of a lignocellulosic material. In Brazil, the sponge-
gourd is cultivated on family farms in most areas of the country. In the last
ten years, production has increased and the farming practice is becoming
commercialized. The highest production of sponge-gourd in Brazil is in
Minas Gerais, with a planted area of over 100 hectares. The ripe fruit is
principally used for cleaning and personal hygiene purposes [1]. In Minas
Gerais, the sponge-gourd is mainly produced to supply the sponge market.
Data supplied by the producers of this region indicate that the waste material
generated during sponge production represents around 30% (by weight) of
the total amount processed. This residue is generally discarded and burnt. For
this reason, the research group of the Center for Excellence in Recycling and
Sustainable Development (in Portuguese Nuicleo de Exceléncia em
Reciclagem e Desenvolvimento Sustentavel - NERDES) located at the
Instituto de Macromoléculas Professora Eloisa Mano (IMA) of
Universidade Federal do Rio de Janeiro (UFRJ), Brazil, has studied the use
of sponge-gourd residue as a lignocellulosic filler in composites. The use of
natural lignocellulosic fillers, principally those from agricultural residues, in
polymers is an attractive option due to their low cost and good mechanical
and non-abrasive properties. These natural fillers offer a potential substitute
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for conventional fibers such as glass, aramid and carbon [2] and can provide
artifacts of low weight.

In order to achieve the goal of sustainability, in this study a polymeric
matrix obtained from a renewable source, that is, ethanol from sugarcane,
was used. Brazil is the largest producer of sugarcane in the world, with
around 490 million tons being produced per year [3, 4] and it has the second
largest ethanol production globally [3, 4]. Sugarcane is an example of a
renewable raw material which can be used as a clean energy source and a
basic raw material for products [3, 4].

Brazil has gained global recognition for its use of renewable energy,
which represents more than 44% of the sources for the national energy
matrix. Sugarcane products are responsible for 16% of Brazil’s total energy
supply [3, 4]. The potential of Brazil in terms of natural resources has
motivated their use in recent years in the development of new, more
sustainable, technologies.

In Brazil industrial polyethylenes are produced from two raw material
sources: ethanol extracted from sugarcane, herein referred to as ‘renewable
polyethylene’, and petroleum, herein referred to as ‘conventional polymer’.
According to the supplier, due to its characteristics, renewable polyethylene
sequesters atmospheric carbon dioxide during processing, reducing the
greenhouse effect [3, 4].

No reports of studies on composites with polyolefin produced from
ethanol and a filler could be found in the scientific literature. However, some
research studies on composites comprised of polyethylene produced from a
fossil source and sponge-gourds [5-7] and some lignocellulosic fillers from
agricultural practices [8-16] have been published. In the latter case, the
agricultural residues did not receive any treatment to increase the interfacial
adhesion.

Sousa and collaborators [5] studied the influence of different processing
conditions for mixtures of high density polyethylene (HDPE), from a fossil
source, with Luffa cylindrical. The following parameters were studied:
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processing temperature, extruder rotation, fiber content and particle size. The
results showed that the parameters that most affected the mechanical
properties were lignocellulosic filler content and particle size. Other
polymers obtained with this type of fiber have also been studied. There are
reports on the extraction of nanocrystals from sponge-gourd cellulose to
strengthen polycaprolactone [6] as well as the superficial treatment of the
sponge-gourd fiber prior to its addition to the ester vinyl resin [7].

Other agricultural fibers obtained from rice husk have been used as a
reinforcement agent for post-consumer HPDE originating from a fossil
source [8] and it was verified that the tensile modulus, flexural modulus and
flexural strength increased with the incorporation of 5 and 10%wt of rice
husk fiber. However, in relation to pure polyethylene, with the addition of
modified rice husk the values for impact strength decreased with the addition
of 5%wt while they increased by 35% with the addition of 10%wt. Also,
there was an increase of approximately 11% in the tensile modulus with the
addition of 10%wt of modified rice husk.

In other studies on polyethylene composites banana-tree fibers have been
used [10-13]. Gomes and collaborators [10, 11] studied high density
polyethylene composites and their results showed that the addition of
banana-tree fibers increased the values for the elastic modulus under tensile
stress, elastic modulus under flexural stress and impact strength by
approximately 732%, 164% and 135%, respectively, in relation to the pure
polymer, demonstrating that this fiber represents a potential substitute for
glass fibers in polymers. Coconut fiber [14] can also be used as a filler in
polyolefin composites.

Lei and collaborators [15] investigated composites comprised of recycled
HDPE (R-HDPE) and natural fibers (pine and sugarcane bagasse). The fiber
to R-HDPE ratio was fixed at 30:70 (%wt/wt). The results showed lower
tensile and impact strengths for R-HDPE/bagasse and R-HDPE/pine
composites compared with the pure R-HDPE, although the storage modulus
values were 48% and 44% higher for the composites with bagasse and pine,
respectively, in relation to R-HDPE.
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Panthapulakkal and Sain [16] studied the potential of agro-residues such
as wheat straw, cornstalk and corncob as reinforcements for polyethylene, in
the search for alternatives to the use of wood fiber, by investigating their
mechanical properties (tensile modulus, tensile strength, flexural strength and
impact strength). They prepared HDPE composites with a high content of
agro-residues (65%wt). The wheat straw showed the highest reinforcement
potential and the trend observed was corncob < corn stalk < wood flour <
wheat straw.

In this context, the objective of this study was to develop totally
renewable composites comprised of polyethylene obtained from ethanol and
different contents of vegetal sponge-gourd residue (10, 20, 30, and
40%wt/wt). The influence of this residue on the melt flow index (MFI),
mechanical properties and thermogravimetric analysis was investigated
through comparison with the pure polyethylene.

2. Materials and Methods

2.1. Raw materials

The high density polyethylene (HDPE) SHC 7260 (Braskem, Brazil)
used to obtain the composites in this study was obtained from ethanol
produced from sugarcane. It had a density of 0.959g/cm® and melt flow index
of 7.29/10min (190°C; 2.16g). The sponge-gourd residue (cellulosic filler)
was provided by the company Bushings Bonfim (Minas Gerais State, Brazil).

2.2. Characterization of sponge-gourd residue

The sponge-gourd residue was milled for processing and then separated
according to particle size in a Produtest electromagnetic vibration sifter. Two
particle sizes were used in the study: <0.15 and 0.21-0.42mm. These two
filler samples were characterized to evaluate the moisture content [17],
density [18], ash content [19], soluble extracts [20] and lignin content by the
Klason method [21]. Also, thermogravimetric analysis (TGA) was carried out
on a TA Instruments TG analyzer (model Q500) with a nitrogen flow of
60mL/min, heating rate of 10°C/min and temperature range of 25 to 700°C.
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The particles sizes (<0.15 and 0.21-0.42mm) were verified by scanning
electron microscopy (SEM) (Jeol SEM microscope, model JSSM-6510LV).

2.3. Mixing procedure

The renewable HDPE composites with 10, 20, 30 and 40%wt/wt of
sponge-gourd residue were processed in a twin-screw co-rotating
interpenetrating extruder (Tecktril, model DCT-2). Prior to processing, the
cellulosic filler was conditioned in an oven with air circulation for 24h at
60°C. The polymer and filler were premixed before being placed in the
extruder. The extrusion conditions were: extruder rotation 300rpm; feeder
rotation 15rpm; and temperature in processing zone 1 90°C, zones 2 to 5
140°C, zones 6 to 9 160°C and head 180°C. The pellets obtained in
processing were dried at 60°C to remove the moisture.

2.4. Characterization of the polymer and the composites

The samples, under pellet form, were dried in an oven with air
circulation for 24h at 60°C before injection molding. The specimens used for
the evaluation of the tensile [22], flexural [23] and impact [24] properties
were prepared by injection molding (Arburg Allrounder 270S-400-170)
using the following conditions: temperatures of zone 1 160°C, zone 2 170°C,
zone 3 175°C and zone 4 180°C; nozzle temperature 195°C; injection
pressure 800 to 1100bar; and cooling time 30s at room temperature. The data
for the tensile strength, tensile modulus, flexural strength and impact strength
were treated using the software Statgraphics Centurion.

The melt flow index (MFI) [25] was determined in a Dynisco Kayeness
polymer test system (model LMI4003). Before performing this test, the
samples, in the form of pellets, were dried in an oven with air circulation for
24h at 60°C.

Tension and flexural testes were carried out in a universal testing
machine (EMIC DL-3000). The Izod impact strength test was performed in a
CEAST Resil impact tester using a hammer with an energy of 2J and an
angle of 60°. The specimens were conditioned for 48h at 23°C and 48%
moisture, as recommended in the standard [26].
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The thermogravimetric analysis (TGA) of the composites was performed
under the same conditions used for the characterization of the sponge-gourd
reside.

The morphology of the samples was examined by SEM using a Jeol
SEM microscope (model JSM-6510LV). Gold sputtering of the specimen
fractured in the impact test was carried out using a Denton vacuum (model
Desk V).

3. Results and Discussion

3.1. Characterization of sponge-gourd residue

Table 1 shows the results for the characterization of the sponge-gourd
residue used as cellulosic filler, which had a fibrillar form. The density value
obtained was 1.25g/cm®, which is lower than those reported for traditional
additives used for the reinforcement of polymers, for example, the density of
glass fiber is 2.55g/cm® [27, 28]. A lower density contributes to obtaining a
lighter composite.

The moisture content of the sponge-gourd residue was 10.7%wt, which is
similar to the amounts normally found in wood, that is, between 10 and
18%wt [29].

Table 1. Characterization of sponge-gourd residue originating from Minas
Gerais State, Brazil

Properties Mean
Density, g/cm® 1.25 +0.05
Moisture, %wt 10.7 £ 0.6

Ash, %wt 09+0.3

Extractives, %wt 2707

Lignin, %wt 14.7+05

The average value obtained experimentally for the ash content of the
sponge-gourd residue was 0.9%wt, as shown in Table 1. According to the
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literature [30-32], silicate, oxalate, sulfate and carbonate ash of Ca, Na, K,
and Mn are commonly present and adhered to the surface of cellulosic fibers
in the form of their respective salts.

The content of soluble extractives was 2.7%wt, while in the literature a
value of 3.2%wt is reported for sponge-gourd residue [31] This analysis was
carried out in order to quantify the percentage of soluble extractives, such as
polysaccharides of low molar weight and inorganic impurities, in hot water.

Similar values for the ash, lignin and moisture contents of cellulosic
residues were found in the literature [33] for a vegetal Brazilian sponge-
gourd (ash content = 0.7%wt and lignin content = 15.5%wt) [33] and for
other fibers, for instance, banana-tree fiber (moisture content=8.6%wt) [33].
The composition of the lignocellulosic materials is dependent on various
factors, such as the plant species and variety, plant age, soil type and climatic
conditions [31, 33, 34].
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Figure 1. Curves for the thermal degradation values and their derivative
obtained for the sponge-gourd residue in N,.
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The thermogravimetric analysis results for the sponge-gourd residue are
shown in Figure 1. In the derivative thermogravimetric (DTG) curves, a
small peak was observed at ~58°C, probably related to the loss of moisture,
although the residue had been dried before the analysis. However, its
hydrophilicity hinders the water total removal. This weight loss was of
approximately 7%wt. Another two peaks were observed as follows: a second
peak at 288°C, attributed to hemicellulose degradation, with a loss of 15%wt
and a third peak at 371°C with a loss of 60%wt, related to cellulose
degradation. Similar values in relation to sisal fiber are reported in the
literature [34].

3.2. Evaluation of the mechanical properties of the composite

Tables 2 and 3 show the descriptive statistics related to the mechanical
properties of the pure HDPE and the composites with different contents of
sponge-gourd residue for the two samples with different particles sizes. The
effect of the sponge-gourd residue content on the renewable HDPE
mechanical properties was investigated using one-way analysis of variance
(ANOVA). In this study, a p value of <0.05 was considered to indicate that
the specific experimental factor and/or its interactions has a significant
influence on the response variable, meaning that the residue content had an
effect on the mechanical properties evaluated. For all of the mechanical
properties investigated in this study the p value was <0.05, indicating that the
sponge-gourd residue content does significantly affect the mechanical
properties.

Table 2. Tensile properties of renewable HDPE and the composites with
sponge-gourd residue

Renewable Tensile strength Tensile modulus
HDPE: Sponge-
gourd residue
(Yowt/wt)

Mean, MPa |SD, MPa|CV, %| Mean, MPa |SD, MPa| CV, %

100:0 19.2 0.2 1 679 41 6
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Sponge-gourd residue with a particle size of < 0.15 mm

90:10 20.2 0.6 3 1032 82 8
80:20 19.9 0.3 2 1289 81 6
70:30 21.2 0.4 2 1682 158 9
60:40 20.8 0.3 1 2082 237 11

Sponge-gourd residue with a particle size of 0.21-0.42mm

90:10 17.9 0.3 2 897 18 2
80:20 18.7 0.3 2 1280 63 5
70:30 19.9 0.2 1 1819 90 5

Table 3. Flexural and impact properties of renewable HDPE and the
composites with sponge-gourd residue

Renewable Flexural strength (MPa) Impact strength (J3/m)

HDPE: Sponge-
gourd residue
(Yowt/wi)

Mean, MPa | SD, MPa |CV, %| Mean, MPa|SD, MPa| CV, %

100:0 28.4 0.5 2 34.7 1.0 3

Sponge-gourd residue with a particle size of <0.15mm

90:10 30.2 0.6 2 333 1.6 5
80:20 33.5 0.5 1 31.3 0.9 3
70:30 37.7 0.5 2 26.9 24 9
60:40 35.8 0.3 1 25.5 1.0 4
Sponge-gourd residue with a particle size of 0.21-0.42mm
90:10 25.6 0.6 2 38.2 4.7 12
80:20 28.9 1.2 4 41.4 4.2 10

70:30 33.9 0.5 2 37.4 7.5 20
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The renewable HDPE mechanical properties were affected by the content
of sponge-gourd residue. Figures 2-8 present, respectively, a comparison of
the average projection (confidence interval of 95%) for the maximum tensile
strength, tensile modulus, flexural strength and impact strength.

Considering the property of tensile strength, as shown in Figures 2 and 3,
the results show that the addition of 30%wt of sponge-gourd residue with a
particle size <0.15mm produced an increase of 11% in relation to the pure
renewable HDPE. Despite being a relatively small increase, this is an
important result considering that the composites contained no additives to
improve the polymer-cellulosic residue interaction. It is known that the
interaction between the matrix and the cellulosic filler is not favored,
considering that lignocellulosic residues have a hydrophilic nature while
HDPE has a hydrophobic nature. This low level of interaction tends to hinder
the adhesion among the phases which, in general, leads to a reduction in the
mechanical properties [35].

However, with the addition the sponge-gourd residue with a particle size
of 0.21-0.42mm it was observed that the values for the tensile strength of the
composites with 10 and 20%wt of cellulosic residue were 6.8% and 2.6%
lower, respectively, in relation to the pure renewable HDPE. However, with
the addition of 30%wt of this sponge-gourd residue the same property
increased by 3.6% in relation to the pure renewable HDPE. These results
suggest that the limit of reinforcement for these composites is around 30%wt
of cellulosic filler, considering the composition ranges studied.
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Figure 2. Average projection obtained for maximum tensile strength of
renewable HDPE and sponge-gourd residue composites with filler particle
size <0.15mm (software Statgraphics Centurion).
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Figure 3. Average projection obtained for maximum tensile strength of
renewable HDPE and sponge-gourd residue composites with particle size
0.21-0.42mm (software Statgraphics Centurion).

The elasticity modulus for the renewable HDPE also increased
considerably with the addition of the sponge-gourd residue (Figures 4 and 5)
reaching 207% in relation to the pure polymer when 40%wt of cellulosic
filler with a particle size of <0.15mm was added.
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Figure 4. Average projection obtained for elasticity modulus of renewable
HDPE and sponge-gourd residue composites with filler particle size
<0.15mm (software Statgraphics Centurion).
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Figure 5. Average projection obtained for elasticity modulus of renewable
HDPE and sponge-gourd residue composites with filler particle size 0.21-
0.42mm (software Statgraphics Centurion).

Figures 6 and 7 show the results for the flexural strength. It can be
observed that with increasing residue content there is an increase in the
values for this property, reaching a maximum of 37.5MPa with 30%wt of
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lignocellulosic material, representing a 35% increase in relation to the pure
polymer, for the smaller particle size. The flexural strength value for the
composites containing the residue with the larger particle size decreased with
the addition of 10%wt of sponge-gourd residue and increased with 20 and
30%wt. In this case, the addition of a low content of cellulosic filler also
affected this property. In the content range studied, it was verified that the
tensile and flexural strengths reached maximum values for the composite
containing 30%wt of the residue.

The impact strength of the composites (Figure 8) decreased with the
addition of the lignocellulosic residue of the smaller particle size (<0.15).
Once again, it is important to note that the sponge-gourd residue was used
without any kind of treatment to enhance the interfacial adhesion between the
polar cellulosic residue and the nonpolar matrix (HDPE). In the results for
the impact strength of the composites containing 10, 20 and 30%wt of filler
with the larger particle size (0.21 to 0.42mm), relatively high values were
observed for the standard deviation (10-20%). Thus, no conclusions could be
drawn regarding the influence of the residue with this particle size on the
impact strength (Figure 9).
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Figure 6. Average projection obtained for flexural strength of renewable
HDPE and sponge-gourd residue composites with filler particle size
< 0.15mm (software Statgraphics Centurion).
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Figure 7. Average projection obtained for flexural strength of renewable
HDPE and sponge-gourd residue composites with filler particle size 0.21-
0.42mm (software Statgraphics Centurion).

According to the literature [36, 37], fiber can support tensile stress up to
a maximum amount which is transferred to the matrix and for this to occur
there is a critical length. The critical length is dependent on the diameter and
maximum load resistance, and the interfacial resistance between the filler and
the matrix [38] which explains the behavior of composites with different
particle sizes in the tensile and flexural tests. The two particles sizes (< 0.15
and 0.21-0.42mm) used to produce the composites favored their tensile and
flexural strength with the addition of 30%wt filler. When 40%wt filler was
added the limit for obtaining good properties is surpassed, probably because
the incompatibility of the cellulose filler with the matrix surpassed the
reinforcement effect which the filler provided at 30%wt. However, according
to the literature [36], the presence of filler generally decreases the impact
strength of the composite and often contributes to higher crack propagation.
This behavior was observed for the filler with the smaller particle size. The
impact strength values for the composites produced with the larger particle
size presented high standard deviations and thus conclusions could not be
drawn.

Similar behaviors for the tensile strength, tensile modulus, flexural and
impact strength have been described in the literature [39] for high density
polyethylene obtained from fossil material and bamboo fiber. For composites
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of HDPE/bamboo fiber (70/30%wt/wt) the authors reported increases of up
to 19% and 49% for the tensile and flexural strengths, respectively, and an
increase of 1.700% in the tensile modulus with the addition of 40%wt

bamboo fiber.
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Table 4 summarizes a comparison between results found in the literature
for composites based on HDPE of fossil origin and those reported herein for
HDPE obtained from a renewable source material. It can be observed that the
values for the tensile strength, tensile modulus and flexural strength are
similar. The composite obtained with only renewable materials provided very
promising results.

Table 4. Comparison of results for composites produced using renewable
HDPE and conventional HDPE

Properties Renewable  Conventional Conventional Conventional
HDPE with  HDPE 30%wt HDPE with  HDPE with
30%wt sponge- fiber bamboo 30%wt sponge- 10%wt rice

gourd (this study) [39] gourd [5] husk [8]
Tensile strength (MPa) 21 26 17 ~20
Tensile modulus (MPa) 1682 2675 1410 -
Flexural strength (MPa) 38 28 35 ~19
Impact strength (J/m) 28 57 53 ~43

The melt flow index (MFI) is an important physical parameter for the
processing of plastic. It is a representative parameter in relation to rheology
information and is widely used commercially to evaluate polymers. Table 5
shows the results for the MFI where a decrease in the MFI value can be noted
as the sponge-gourd residue content in the composite increases, which is due
to the increasing viscosity of the HDPE/filler system. This result suggests
that the filler imposed a barrier to the polymer flow. With the addition of
20%wt of sponge-gourd residue the decrease in the value for this property
was 43% and with the addition of 40%wt the decrease was 83% in relation to
pure HDPE. The same behavior was observed for the two particle sizes.
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Table 5. Melt flow index for renewable HDPE and sponge-gourd residue
composites

Renewable HDPE: Flow index (g/10min)
Sponge-gourd residue Sponge-gourd particle size
(Yowt/wt)
<0.15 mm 0.21-0.42 mm

100:0 8.4+0.3 8.4+0.3
90:10 6.8+0.2 6.4+05
80:20 48+04 51+04
70:30 3.0+£0.2 31+£0.6
60:40 14+0.2 -

3.3. Morphological analysis of composites

Figure 10(a) shows the micrograph of the cellulosic filler sponge-gourd
with a particle size of <0.15mm, where an irregular surface can be observed.
Figure 10(b) shows the impact-fractured surface of the HDPE, which is
smoother than those of the composites (Figures 10(c)-(f)). In general, the
composites show rough fracture surfaces, particularly those with 40%wt of
cellulosic filler.

From the SEM results it can be observed that the filler particles were
pulled out due to the force applied during the impact strength test. In Figures
10(c) and 10(d) this particle removal can be verified. This behavior is due to
the low adhesion at the polymer/filler interface which increased with the
filler content. The high degree of roughness observed on the surface of the
composite with 40%wt of filler hindered the observation of the fracture
mechanism. Voids were also observed, which may be related to the
evaporation of the water present, mainly, in the composites with a higher
cellulosic filler. During the injection, which was carried out at 195°C, the
moisture evaporated and voids were formed as the specimens cooled.
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Figure 10. SEM micrographs of fracture surfaces for the following samples:
sponge-gourd residue with particle size <0.15mm (a), renewable HDPE (b)
and renewable HDPE/cellulosic filler composites: (c) 90/10%wt/wt, (d)
80/20%wt/wt, (e) 70/30%wt/wt and (f) 60/40%wt/wt.

Figure 11(a) shows the micrograph of the cellulosic filler with a particle
size of 0.21-0.42mm. Figures 11(b)-(d) show the fractured surfaces of the
HDPE composites with cellulosic filler and some delaminated fibers.
Delamination occurs since the lignin, present in the fiber, is weak and
separates between the cellulose fibers [40]. Although this may also have
occurred in the case of the composites produced with smaller filler particles
(Figure 10), it is more evident for those obtained with larger filler particles.
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Figure 11. SEM micrographs of sponge-gourd residue of particle size
0.21-0.42mm (a), and renewable HDPE/cellulosic filler composites: (b)
90/10%wt/wt, (c) 20/80%wt/wt, (d) 70/30%wt/wt.

3.4. Thermogravimetric analysis of composites

The results for the thermogravimetric analysis of the samples are shown
in Table 6 and the curves for the thermal degradation in the presence of
nitrogen can be seen in Figures 12 and 13. It can be observed that with the
addition of sponge-gourd residue to the HDPE two additional degradation
events occur compared with the HDPE. The degradation stages related to the
sponge-gourd residue can be more clearly observed with an increase in its
content in the composites.

Table 6 shows the degradation onset temperatures (Tonset). It can be
observed that the Tonset values show a significant difference in function of
the presence of the filler. The Tonset values shift toward lower temperatures
with an increase in the composite filler due to the presence of fiber, which
degrades at lower temperatures compared with polyolefin. The addition of up
to 20%wt/wt filler had almost no effect on the maximum degradation
temperature of the HDPE, as can be seen in Table 5. With the addition of the
sponge-gourd residue a shoulder appears at lower temperatures (258 to
268°C), which becomes more evident as the filler content is increased, being
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most pronounced with 40%wt/wt (258°C). This may be due to the
hemicellulose content of the fiber being lower than the cellulose content,
which has a greater effect in this composition.

HOPE pure (a)

- HDPE/10%wt fillr (o)
—— HDPER0%wt filer (c)
a ——— HDPE/30%wt filer (d)
100 = ——  HDPE/40%wi filer (€)

Weight (%)

Temperature (°C)
Figure 12. Curves for the weight loss (determined by TG) of the renewable
HDPE and sponge-gourd composites with filler particle size of <0.15mm:
90/10%wt/wt, 80/20%wt/wt, 70/30%wt/wt, 60/40%wt/wt in nitrogen.

4

HDPE pure (a)

- HDPE/10%wt filler (b)
- HDPE/0%w filler (c)

- HDPE/30%wt filler (d)|

HDPE/40%wi filler (e))

Deriv. Weight (%/°C)

T
100 200 300 400 500 600
Temperature (°C) Universal V4.2E TA Instn

P~

Figure 13. Curves for the derivative of the weight loss (determined by TG)
of pure renewable HDPE and renewable HDPE/cellulosic filler composites
with filler particle size <0.15mm: 90/10%wt/wt, 80/20%wt/wt, 70/30%wt/wt,
60/40%wt/wt in nitrogen.
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Table 6. Results for the thermal gravimetric analysis of pure renewable
HDPE and its composites with sponge-gourd residue

Renewable Tonset Residue Maximum Maximum
HDPE/sponge-  (°C)  (%owt) degradation degradation

gourd temperature in the  temperature in the

(Yowt/wt) range of 300-350°C  range 400-500°C
(°C) (°C)

100:0 456 0.0 - 475

90:10 320 1.4 333 477

80:20 292 5.7 331 478

70:30 279 5.2 328 472

60:40 233 7.3 258*/329 474

4. Conclusions

The results show that the addition of sponge-gourd residue to renewable
HDPE had a significant influence on all of the properties studied (tensile
strength, elasticity modulus, flexural strength, impact strength and melt flow
index) in relation to the pure HDPE, and in most cases the affect was
positive.

It was also observed that the filler samples with different particle sizes
showed distinct behaviors in the case of some properties. In relation to the
micrographs, it was observed that the surface of the pure polymer fracture is
smooth and those of the composites had a higher degree of roughness, which
was most evident in the case of the composite with a filler content of
40%wt/wt. The presence of voids, the pull-out of particles and, most clearly,
the delamination of cellulosic filler could be observed on the surface of the
composites. The latter feature was mainly evident in the composites with a
larger particle size.

The melt flow index decreased with the addition of filler, which was to
be expected considering that there was an increase in the system viscosity. In
relation to the thermal stability of the composites, the degradation
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temperatures were shifted to lower temperatures due to the presence of the
cellulose and hemicellulose which degrade at lower temperatures than
polyethylene.

Thus, it can be concluded that totally renewable HDPE composites
which have similar performance as conventional HDPE composites can be
obtained, with good mechanical and thermal properties, enabling a decrease
in the environmental impact associated with the disposal of sponge-gourd
residue via its reuse.
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