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Abstract: Rice husk is one of the agricultural by-products produces worldwide. During the recent
decade, much attention has been focused on rice husk utilization for composite materials. Apart from
the rice industry's huge amount of rice husk, it has a dominant agricultural waste position due to its
great properties. The treatments or modifications of fiber surface properties typically increase the
adhesion properties of fibers and polymers yet affect the polymer composite's physical and mechanical
properties. Prior studies revealed that chemical treatments consider as one of the most used methods for
the surface treatments of agricultural fibers. This paper provides an overview of the rice husk as a
reinforcing material in polymer composite. Various types of chemical treatments such as alkali,
benzylation, anhydride, silane, and acetylation applied on rice husk polymer composite and their effect
on physical and mechanical properties were investigated based on previous literature. Rice husk
polymer composites with different chemical treatments and polymers were compiled, and their basic
properties were reported. Therefore, this paper will benefit future works on rice husk chemical
treatments in a composite application.
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1. Introduction

In recent years, there is remarkable progress in the utilization of natural fibers, mostly
due to the concern and high dependency on petroleum-based synthetic polymers. Zhang et al.
[1] stated that the most commonly used synthetic polymers, namely polypropylene,
polyethylene, and polyvinyl chloride, are synthesized from crude petroleum oil, which
generated huge stress on the energy for a long haul. The polymer can be either natural or
synthetic. There are two major classes of synthetic polymer; thermosetting and thermoplastic
polymers. Thermosetting polymers are defined as those polymers which become irreversibly
hard once cured, while thermoplastic polymers are those polymers that can be reversible and
reformed. In a prior study done by Puglia et al. [2], the production of natural fiber-based
thermoplastic composites represents a promising possibility of producing a biodegradable
material with additional benefits for the environmental impact and aimed for packaging and
automotive applications. Natural fibers have been used as reinforcement materials in polymer

https://biointerfaceresearch.com/ 12425


https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC114.1242512433
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5566-0394
https://orcid.org/0000-0001-6369-9902
https://orcid.org/0000-0002-2961-6031
https://orcid.org/0000-0002-8807-9723
https://orcid.org/0000-0001-8997-604X
http://orcid.org/0000-0002-0126-998X

https://doi.org/10.33263/BRIAC114.1242512433

composite for the last two decades, especially using low melting point thermoplastics polymers
[3]. Natural fibers gain much attention from researchers as they are abundant, biodegradable,
inexpensive, and lightweight [4-9]. Some examples of natural fibers include jute, hemp, kenaf,
flax, abaca, sisal, bagasse, corn silk, rice husk, pineapple, oil palm, acai, peanut husk, rice husk
[4,5,10-12]. Natural fibers can be categorized into plant and animal fibers based on their origin.
Plant fibers gained more attention from the research. As reported by previous studies, plant
fibers are classified into six types; wood (collected from wood, e.g., softwood and hardwood),
bast fiber (collected from the skin or bast surrounding the stem, e.g., jute, kenaf, hemp, ramie,
rattan, soybean, vine, and banana fibers), leaf (collected from leaves, e.g., agave and sisal),
seed (collected from seeds or seed cases, e.g., kapok, cotton, rice husk), fruit (collected from
the fruit of the plant, e.g., coir and coconut) and grass/stalk (collected from stalks of the plant,
e.g., straws of wheat, rice, barley and other crops including bamboo and grass) [13,14].

Paddy (Oryza sativa) is one of the most widespread crops globally, and it produces a
high amount of agricultural waste, namely rice husks and stalks. Rice husk is classified as an
agricultural waste found abundantly in rice-producing countries, including China, India,
Indonesia, Bangladesh, and Malaysia [15]. In a review article by Paridah et al. [14], rice husk
is one of the agricultural residues obtained daily from rice processing mills. Rice husks are
used in various applications, including composites, insulation material, fertilizer, and fuel [16].
Most of the natural fibers are motivated by potential advantages of high mechanical properties,
low-cost material, lightweight, high in supply, renewable, environmentally friendly,
recyclability, and degradability features [17—-19]. Therefore, natural fibers are used as a filler
and reinforcement in thermoplastic polymers. There is abundant literature reporting the
applications, manufacturing, physical and mechanical properties of natural fibers.

However, the manufacturing of natural fiber polymer composites has some limitations
due to natural fibers' inherent properties that vary significantly from those of synthetic fibers
[20]. One of the major limitations of using natural fiber is the interface of natural fiber and
polymer. Commonly, the moisture absorption in composite with natural fibers' presence is high
due to the presence of hydroxyl and other polar groups in various constituents of natural fibers,
which leads to weak interfacial bonding between fibers and matrix polymer [21]. Therefore,
surface modifications such as chemical treatment are necessary to improve the performance of
the biocomposites. The present article deals with an overview of rice husk as a reinforcing
material in a polymer composite, various chemical treatments on rice husk, and properties of
rice husk polymer composites to provide comprehensive information on the chemical treatment
of rice husk as polymer composite.

2. Properties of Rice Husk

Rice husk is the hard-protective part covering a rice grain. Fijalkowski et al. [22] stated
that rice husks barrier layers and formations of silica are created on the surfaces of husks and
stem as a result of biochemical reactions photosynthesis. At the same time, these barrier layers
protect a plant and its part against external environmental stresses. As reported by a previous
study, a ton of rice produced approximately 0.23 tons of rice husks [23]. Apart from the high
amount produced worldwide, rice husk has a dominant agricultural waste position due to its
great properties. FAO [24] stated that about 122-163 million metric tons of rice husks are being
disposed of as waste annually worldwide in 2012,
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Currently, rice husk is underutilized, and most of them are burnt or disposed of in the
landfill [25,26]. Few studies were carried out on the evaluation of chemical compositions of
rice husk [17,27]. In their study, rice husk consists of 25-48 wt% cellulose, 18-25wt %
hemicelluloses, 12-31 wt% lignin, 15-17 wt% silica 14-17% wt% wax (Table 1). Due to similar
cellulose content but lower lignin and hemicellulose content of rice husk compared to wood,
rice husk flour can be processed at a higher temperature than wood [28].

In a previous report, bast fiber, namely hemp, jute, flax, and kenaf bast, have densities
of 1.48 g/cm3, 1.46 g/cm3, 1.50 g/cm® and 1.40 g/cm?, respectively [29]. This indicates that
rice husk has a slightly lower density compared to bast fibers. Additionally, there is a wide
application range of rice husk due to its high availability, toughness, resistance to weathering,
and abrasion [30]. Interestingly, the high silica content in rice husk provides high stiffness and
holds the composite's potential flame retardancy properties [31]. In another report, Kumar et
al. [32] also reported that rice husk has high insulating property (better thermal insulation),
making it suitable for making bricks. Additionally, rice husk is also used as industrial raw
materials, including insulating board [34]. As reported by a previous study, rice husks are high
in ash compared to other biomass fuels range 10-20% [33]. The composition of rice husk
depends on many factors, namely rice variety, type of fertilizer used, soil chemistry, and even
the geographic localization of the production [34].

Table 1. Chemical constituent and physical properties of rice husk [27,35].

Property

Constituent (%)

Cellulose 25-48
Hemicellulose 18-25
Lignin 12-31
Silica (SiO2) 15-17
Wax 14-15
Solubles 2-5
Physical properties

Particle size (um) 6.60
Surface area (m?/g) 1.40
Density (g/cmd) 2.20

3. Rice Husk in Polymer Composite

Investigation on rice husk as a polymer composite has been carried out in many studies
[36-46]. In a previous study by Shivappa et al. [42], polymer composites were prepared with
unmodified rice husk flour as a filler and unsaturated vinyl ester resin matrix at fiber loading
of 0%, 2.5%, 7.5%, and 10% by weight. In their study, as the fiber loading increased, the
flexural strength was increased; however, decreased the tensile strength at 20% fiber loading.
In another study, Ayrilmis et al. [44] stated that the flexural and tensile properties of
lignocellulosic filled-PP composite panels were greatly improved by the incorporation of
aramid fabric. The composite panels having aramid fabric positioned in two layers close to
surface layers had the highest bending and tensile properties. Although there is a wide variety
of polymer that can be used as the matrix for producing rice husk-filled polymer composites,
polylactic acid (PLA), polyethylene (PE), polypropylene (PP), and polyvinyl chloride (PVC)
are among the most popular selections. Every polymer resulted in a composite with different
properties, as can be seen by the review of Arjmandi et al. [27].

4. Chemical Treatment of Rice Husk
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There are many chemical treatments in natural fibers; alkaline treatment
(mercerization), benzylation, acetylation, anhydride treatment, silane treatment, treatment with
stearic acid, peroxide treatment, permanganate treatment, isocyanate treatment, and plasma
treatment [47,48]. Among these chemical treatments, alkaline treatment, known as
mercerization, is one of the most used treatments for natural fibers, commonly using NaOH
[49-52]. Li et al. [48] explained that alkaline treatment's major modification is the disruption
of hydrogen bonding in the network structure, thereby increasing surface roughness, thus
providing better fiber quality. Additionally, this treatment increases cellulose content, removes
a certain amount of lignin, wax, and oils covering the external surface of the fiber cell wall, de-
polymerizes cellulose, and exposes the short-length crystallites [21,52-54]. Chemical treatment
also improves the wetting ability of the fiber [47].

As tabulated in Table 2, alkaline treatment is the most common treatment used for rice
husk. Some of the alkaline treatment is also incorporate with anhydride treatment. Most the
previous studies found that alkaline treated rice husk improved the mechanical properties of
rice husk reinforced polymer composite [55-60]. Ndazi et al. [55] discussed rice husk's
chemical and thermal stability against alkaline treatment with 2 to 8% w/v NaOH. Findings
revealed that the proportion of lignin and hemicellulose in rice husk treated with NaOH
decreased significantly. In a previous study done by Emdadi et al. [58], rice husk was treated
using alkaline at 1% KOH to evaluate treated fibers' water absorption properties. The finding
shows that alkaline treated fiber improves the bond strength of O-Si-O of the silica and reduces
the quantity of amorphous silica. In another study by Ghani et al. [57], alkali-treated rice husk
with additional maleic anhydride grafted polyethylene (MAPE) shows a rougher surface
compared to untreated rice husk and this surface enhance the compatibility between fibers and
matrix. As mentioned by Syafri et al. [61], a rougher surface could improve the compatibility
between fibers and matrix.

Table 2. Studies on chemical treatment of rice husk polymer composite.

Authors Polymer Size Treatment Flexural | Young Modulus | Tensile Strength | Tensile Modulus
(pm) (MPa) (MPa) (MPa) (MPa)
Wang et al. PVC 100 Alkaline (NaOH 4%) ~44 n/a n/a n/a
[60] & Anhydride
Wang et al. PVC 100 Benzoylation ~46 n/a n/a n/a
[60] & Anhydride
Ghani et al. rHDPE n/a Alkaline (NaOH 0.5 ~24-34 ~570-1500 nla ~180-750
[57] N) & Anhydride
(MAPE)

Emdadi et al. PVA 45-70 Alkaline (KOH 1%) n/a n/a n/a n/a
[58]
Luna et al. PP nla Alkaline (NaOH 1%) 35-43 n/a 16-23 n/a
[59]
Ayrilmis et PP 60 Anhydride (MAPP 16.2 1845 9.6 2303
al. [44] 3%)
Rahman et PE 209 Alkaline (NaOH 5%) | ~32-37 ~1100-2500 14-19 ~1800-2300
al. [56]
Rosa et al. PP n/a Anhydride (MAPP n/a n/a n/a n/a
[38] 0.5 to 2%)
Maziad et al. | Rubber & n/a Silane (3-APE 1%) n/a n/a 12-25 140-400
[62] LDPE & Anhydride

(MAH 4 phr)

KOH- Potassium hydroxide; MAPP- Maleic anhydride grafted polypropylene; PVA- polyvinyl alcohol; PP-
Poypropylene; LDPE- low-density polyethylene; 3-APE- 3-aminopropyl triethoxy silane; MAH- Maleic acid
anhydride; PE- Polyethylene; PVC- Polyinyl chloride; rHDPE- recycled high density polyethylene; MAPE-
Maleic anhydride grafted polyethylene
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Apart from alkaline treatment, benzoyl chloride is also one of the most often used in
fiber treatment. Benzylation treatment allows decreasing the hydrophilicity of the fibers.
Benzoyl chloride includes benzoyl (CsHsC=0), attributed to the decreased hydrophilic nature
of the treated fiber and improved interaction with the hydrophobic matrix [43]. In a recent
study, Wang et al. [60] studied two types of pretreatment on the rice husk; alkaline and
benzoylation treatments. It was verified that benzoylation treatments were much better than
alkaline treatments.

As stated by Li et al. [48], acetylation (also known as esterification method) treatment
explains a reaction is introducing an acetyl functional group (CHsCOO-) into an organic
compound. Acetylation of natural fibers causes plasticization of cellulosic fibers. The reaction
involves the generation of acetic acid (CHsCOOH) as a by-product, which must be removed
from the lignocellulosic material before the fiber is used. Acetylation treatment may perhaps
stabilize the cell walls of plant fibers, especially in terms of humidity absorption.

Maleic anhydride-grafted polymers are also a common preference for rice husk polymer
composites. As reported by a previous study, the major difference with other chemical
treatments is that maleic anhydride is used to modify fiber surface and the matrix to achieve
better interfacial bonding and mechanical properties in composites [48]. The PP chain allows
maleic anhydride to be cohesive and produce maleic anhydride grafted polypropylene (MAPP).
Next, the treatment of cellulose fibers with hot MAPP copolymers provides covalent bonds
across the interface. A study done by Rosa et al. [38] treated the rice husk using MAPP, and
the PP composites were prepared with up to 40 wt% rice husks. Finding revealed that the
interfacial effect of the maleated PP was seen on the melt flow index of the composites. This
study reported that the presence of the MAPP did not affect the composites' thermal properties
but improved the storage modulus and loss modulus of the composites. Apart from MAPP,
other types of maleic anhydride have also been used to manufacture rice husk polymer
composites [60,62].

Silane treatment normally reduces the number of cellulose hydroxyl groups in the
interface of the fiber—matrix. In the presence of moisture, the hydrolyzable alkoxy group leads
to the formation of silanols, whereas the silanol will react with the hydroxyl group and form
stable covalent bonds to the cell wall that are chemisorbed onto the fiber surface [63]. Maziad
et al. [62] investigated the effects of silane coupling agent on the properties of rice husk-filled
melaic acid anhydride compatibilized with rubber and low-density polyethylene. In their study,
silane treated rice husk has better tensile strength, hardness, Young’s modulus, and impact
strength than untreated samples. Additionally, Srisuwan et al. [64] reported that the flexural
and tensile of silane-treated rice husk mixed with natural rubber as a polymer has small
improvement compared to alkaline treatment.

5. Conclusion

Nowadays, natural plant fibers are gradually replacing synthetic fibers as reinforcement
materials in various polymers. The advantages of rice husk fibers are low density, acceptable
mechanical properties, and better thermal insulation properties. From literature, rice husk is
successfully used as a filler or reinforcement in polymer composites. However, owing to its
drawbacks mentioned in the previous section, chemical treatments are required to improve rice
husk polymer composite's surface roughness and mechanical properties. The most used
treatments are alkaline treatment, followed by a combination of alkaline and anhydride,

benzylation, anhydrides, and silane treatments. These treatments improve the surface
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roughness and decreased hydrophilic properties of rice husk, thus enhancing the fiber quality
before their application as a reinforcement material for composites.
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