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Abstract
This study investigates a novel idea of adding rice husk powder (RHP) into natural rubber latex foam
(NRLF) as a way of creating an end product with improved characteristics, marketability, and disposal
opportunities. Many sectors have attempted the recycling of RHP, but never with NRLF. This study
intends to examine how the mechanical and physical characteristics of RHP-filled NRLF are impacted by
RHP size. RHP-filled NRLFs (various sizes) were subjected to numerous mechanical tests, including a
tensile and compression study, and the results were matched with that of a controlled NRLF. The results
showed that the RHP size, the higher the compression set and the lower the recovery percentage. It was
also observed that the lower the RHP filler size, the higher the stress as observed in the stress-strain graph.
Better interaction between finer RHP and NRLF was also demonstrated by the decrease in (Qf/Qg) and
increase in hardness values of 63 microns RHP-filled NRLFs.
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1. Introduction
Natural fibers are considered a synthetic fiber alternative because of their unique benefits, such as
being non-toxic, not irritating to the skin, eyes, or respiratory system, and having non-corrosive
qualities [1]. In addition to the environmental advantages, technological considerations also spur
interest in natural fibers as an alternative to or addition to conventional fillers, including glass fibers
in polymer composites [2–5]. Natural fibers are preferred over synthetic fibers in many applications
because they are more cost-effective, lighter, less likely to damage processing equipment, improve
the surface finish of molded composite parts, have better relative mechanical properties, are simpler
to modify mechanically and chemically, have a lower density, and are easily sourced renewable
materials [6–8]. Researchers from all over the world are interested in natural fibers because they have
superior qualities to glass fiber, particularly lignocellulose-based natural fibers [9]. A well-known
natural fiber, rice husk, makes up 20–25% of the weight of a rice grain and has a hard, fibrous,
woody, protective shell [10].
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The dentate rectangular components that makeup rice husk’s (RH) exterior are primarily silica-
coated, have a thick cuticle and have surface hairs. The amount of silica in the mid-region and inner
epidermis is often lower [11]. RH’s inner surface, which surrounds the rice grain, is smoother than
its outside, which has a high silica content [12,13]. The external silicon cellulose membrane of RHs
acts as a natural barrier against termites and other microorganisms that could harm the crop. This
element is assumed to be the cause of the weak bonding between the different matrix binders and
the accessible functional groups on RH surfaces. To improve the adhesion of RH to the binders and
subsequently the characteristics of the resulting composite, it is important to ensure the removal
of silica and other surface contaminants should be removed [14–17]. The smooth and wax-containing
inner surface of RH contains natural wax and lipids that serve as a protective barrier to the grain [18].
The incorporation of RH into numerous polymer matrices, including low-density polyethylene,
high-density polyethylene, polypropylene, styrene-butadiene rubber, and polyurethane has been
reported in various studies. The studies have determined that RH increases flame retardancy in
addition to tensile & flexural modulus [19].

Latex is mainly composed of polyisoprene, water, and a trace quantity of carbohydrates, pro-
teins, and contaminants. Before becoming "dry rubber," collected latex goes through a number of
processing steps that include preservation, concentration, coagulation, dewatering, drying, clean-
ing, and blending [18]. The phenomenon known as "strain-induced crystallization" is a special
property of natural rubber (NR), which implies the ability of NR to crystallize when stretched; the
homogeneous microstructure of NR accounts for this property [20]. Heavy machinery and high
power input are needed for NR processing. To be handled easily in liquids, fluids, and solids, the
rubber must be available in a physical form [21]. The distinctive mechanical qualities of NR made
it one of the most significant elastomers that are widely employed in industrial, engineering, and
technological domains; it is an essential and indispensable material in several applications, such as
gaskets, seals, tires, and mountings [22].

Natural rubber latex is cellular rubber produced from liquid latex. The Dunlop process is most
suited for the creation of thick-section molded latex foam rubber items such as foam, cushions,
mattresses, and pillows [23]. It has long been established that latex foam exhibits higher resilience,
support factor, and dynamic and static fatigue resistance. Furthermore, the excellent pressure relief
that latex foam offers, particularly in bedding, is frequently emphasized. Previous works have reported
the integration of fibers into natural rubber latex (NRL) [24]; latex foam has also been reinforced with
mineral fillers such as kaolinite clay and calcium carbonate [5,25–27].

Dananjaya et al [28] Using the Dunlop technique, processed mica waste (PMW) loading ranging
from 0 to 10 phr at 2% intervals was added to natural rubber centrifuged latex and transformed into
(NRLF) composites. The composites’ stated physico-mechanical characteristics. The improved tensile
characteristics and tear strength show that PMW strengthens the foam rubber. Additionally, when
PMW is added, it has been demonstrated that the compression set, cross-link density, shrinkage,
and bulk density all significantly rise while the recovery %, elongation at break, swelling index,
and gelling time of the foams gradually decrease. According to studies using a scanning electron
microscope (SEM), the inclusion of filler increased cell diameters. The employment of PWM to
create filled NRLFs with better characteristics could be inferred, adding value to both mica and
natural rubber at the same time.

By combining five kinds of commercially available mineral fillers at five different loading amounts,
Krunarathna et al. [29] created various natural rubber latex foam. Fillers have the ability to strengthen
the foam’s rubber phase. Consequently, by adding filler, same load-bearing properties may be
produced at greater expansion [30]. By doing so, material costs may be reduced. Methodology
China clay, talc, dolomite, calcite, and a 50:50 mixture of the two as filler materials were used to
create the specimens. Every one of these fillers was added to NR latex foam at loading levels of 5, 10,
15, 20, and 25 phr. Batch processing was used to create the latex foam. A Hobart style planetary
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mixer was used to prepare the foam. All of them were duplicated three times and put in complete
random design to create 25 separate foams. The reference specimen, which was created without the
use of fillers, served as a comparison for the test specimens’ density, tensile strength, compression
set, and indentation hardness index characteristics. Results and analysis Up to 20 phr of calcium
carbonate filler loading, the compound’s hardness rises; beyond that point, it starts to decline. Fillers
acting as hardening agents in rubber compounds and consistent filler distribution in the rubber phase
might be to blame for the increase in hardness. The reduction in hardness for filler loadings over 20
phr is most likely due to calcium carbonate agglomeration.

However, there have been no attempts to use RHP as a filler in NRL foam. Hence, this study
investigates the impact of different sizes of RH content on the physical and mechanical properties of
NRLF; this is aimed at offering an alternative way of managing RH waste to reduce landfill pollution
and open fires caused by agricultural waste. The study investigated the tensile and compressive
properties of the NRLF-RHP composite, as well as its foam density behavior.

2. Experimental
2.1 Materials and Formulation
Table 1 displays the formula used to investigate the impact of RHP size (125 & 63 m) on NRLF. This
study used NRL (Low Ammonia (LATZ) type) and latex chemicals (Sulphur, ZDEC, ZMBT, Zinc
Oxide, Antioxidant, Potassium Oleate, DPG, and SSF) from Zarm Scientific & Supplies Sdn. Bhd,
Malaysia. Before use, rice husk from Kilang Padi Nazra Sdn. Bhd. Malaysia was gathered, crushed,
and sieved. The range of RHP loading was 0 to 10.0 pphr.

Table 1: Formulation used to study the effect of RHP size (125 and 63 µm) on rice husk powder filled
natural rubber latex foam.

Ingredients Total Solid Content (%) Formulation(pphr)

LA Latex 60 100
Sulphur 50 2
Antioxidant 50 1
Potassium Oleate 20 4
ZDEC 50 1
ZMBT 50 1
Zinc Oxide 50 3
DPG 40 0.3
SSF 20 1.2
Rice Husk Powder (125 or 63µm) 25 0, 2.5, 5.0, 7.5, 10

2.2 Sample Preparation
First, LATZ type NRL was sieved, weighed, and mixed for roughly 30 min using a mechanical
stirrer. Sulfur, an anti-oxidant, and potassium oleate soap were then added, and the mixture was
agitated at 10 rpm [31]. Accelerators (ZMBT and ZDEC) were gradually added to the mixture after
two hours. After that, the NRLF compound underwent continuous stirring at a speed of 10 rpm for
8 hours at room temperature [32]. The NRLF compound was vigorously beaten and foamed with
a stand mixer (KENWOOD, kMix) after 8 hours of maturation, increasing the volume to up to 3
times that of the initial volume (beaten for about 5 min) [33]. After reaching the necessary volume,
the foaming speed was slowed down to produce a fine, even foam.
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The foam was then mixed evenly for a further 90 seconds before DPG and zinc oxide (ZnO), the
main gelling agent, were added [34]. The secondary gelling ingredient, sodium silico-fluoride (SSF),
was then added right away, and the foam was further beaten for 90 sec. The un-gelled foam was
then swiftly poured into the required aluminum mold and allowed for 3 min at room temperature to
gel. After 3 min, the gelled foam was dried for two hours at 100 oC.

After the foam had dried, it was de-molded and extensively cleaned with de-ionized water to get
rid of the excess non-reacted materials and potassium oleate soap. Following washing, the cured
NRLF was dried for 8 h at 80 oC. The color of the final product (well-dried foam) was observed to
be off-white. The control NRLF sample with no RHP content was made using the same method.
However, an additional step was introduced before the maturation process during the preparation of
the NRLF sample with RHP filler loading. The necessary amount of RHP was introduced into the
compound after adding the primary (ZDEC) and secondary (ZMBT) accelerators. The compound
was then allowed to develop for 8 h with slow stirring (10 rpm). The subsequent procedures were
the same as those used to prepare the NRLF control sample with no RHP content. Table 1 presents
the pphr of the chemicals used in the preparation step.

3. Results and Discussion
3.1 Tensile Properties
The tensile strength (TS) of controlled, different-sized RHP-filled NRLFs is shown in Figure 1(a) It
was found that the TS decreases for all 3 different sized RHP at 2.5 pphr RHP content. However, the
loss in TS reduces with declines in the RHP size possibly because, even at lesser concentrations, the
smaller RHP filler particles are evenly distributed throughout the NRL complex [35]. When foreign
components are included in the NRL compound, the TS of the NRL compound often decreases
[36]. However, the reduction can be bettered by reducing the RHP particle size. It was also noted
that reduced agglomeration in NRLF due to smaller RHP particles reduces the number of stress
concentration points. Additionally, Figure 1(a) demonstrates that the TS increases with decreasing
RHP size at higher RHP content. The improved filler-matrix interaction also improves the TS as
the size of the RHP particle is reduced. There is the availability of more surface area for interaction
with NRL chemicals when the size of the RHP particle is smaller. In natural rubber latex, the typical
size of the rubber particle is 5 m [37]. Improved interaction and adhesion of RHP-filled NRLF
was observed as the size of the RHP was decreased from 180 m to 125 m & 63 m. As a result, the
increased TS may be attributable to the smaller RHP particles’ improved compatibility with the NRL
compound. The elongation at break and modulus at 100% elongation (M100) for the controlled
NRLF and different-sized RHP-filled NRLFs are shown in Figure 1(b & c). The result showed
decreases in the elongation at break as the RHP size reduces, while the M100 exhibited an upward
trend. The smaller RHP particles served as more contact points for improved interaction with the
flexible rubber chains, leading to the formation of aggregates and cross-linkages, thereby affecting
the elasticity of the RHP-filled NRLF as it becomes more rigid. The foam nature of the RHP-filled
NRLF conferred it with a microporous structure. Further reduction of the RHP size resulted in a
finer cell structure of the RHP-filled NRLF. The spaces in the NRLF foam structure may potentially
be filled in with smaller RHP particles. This is also the reason for the improved stiffness of the
RHP-filled NRLF.

3.2 Compression Properties
The pattern of the compressive stress-strain relationships of the controlled and different-sized RHP-
filled NRLFs are shown in Figure 2. The figure showed that for 10, 20, 30, 40, and 50% strain, the
stress value increases as the RHP size is reduced. This demonstrates that the required level of stress for
efficient compression of the RHP-filled NRLF increases with declines in the RHP particle size. The
optimum stress value was noted for 50% compression of 10 pphr of 63 m-sized RHP-filled NRLF. A
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Figure 1: The effect of RHP size reduction on different properties of various sized RHP filled NRLF
samples.

higher level of compatibility was also observed between the RHP and the rubber particles in the
NRL compound following a reduction in RHP size, leading to improved reinforcement. This may
be due to the increasing level of the even stiffness of the RHP-loaded NRLF following the adherence
and dispersion of the smaller RHP particles within the foam structure [38].
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Figure 2: Compressive stress-strain relationships of controlled and various sized RHP filled NRLFs.

3.3 Hardness
The correlation between hardness and decreases in RHP size is shown in Figure 1(d). It is amply
demonstrated that as RHP size is decreased, NRLF-filled RHP becomes harder. Generally, RHP can
influence the hardness of NRLF and this is improved as the microporous voids of NRLF are occupied
by smaller RHP particles. The reduction of the RHP size increases the interaction between RHP
and the matrix because of the increased available surface area and the interaction with the NRLF
compound when the size of the RHP particles is reduced. Consequently, the hardness of RHP-filled
NRLF increased as the RHP size approached the size of the rubber particle.

3.4 Foam Density (FD)
Figure 1 displays changes in FD as a result of RHP size reduction Figure 1(e). The reduction of
the RHP particle size caused only a slight increase in FD. For instance, at 10 pphr, the density of a
63-m-long RHP-filled NRLF is 245.9047 kg/m3, whereas the density for a 125-m length is 239.6124
kg/m3 & that of and 180-m length is 237.70 kg/m3. This could be due to the higher compactness
of smaller RHP particles compared to the larger ones. Smaller RHP particles improved the FD of
RHP-filled NRLF following the introduction of the NRL compound.

3.5 Rubber Filler Interaction
Figure 3 highlights the relationship between RHP size reduction and rubber filler interaction in
RHP-filled NRLF. As the RHP size is decreased, the Qf/Qg value decreases. It is understood that
the degree of interaction between the filler and matrix increases with decreasing Qf/Qg values [39].
According to Figure 3, the rubber filler interaction gets stronger as the RHP size gets smaller. The
fraction of surface area available for interaction with the NRL chemical increases when RHP size
is decreased, thereby increasing the compatibility between RHP and the rubber particles in the
NRL compounds. This minimizes the filler-filler & matrix-matrix interaction while encouraging
filler-matrix interaction, which results in more crosslink formation.
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Figure 3: The rubber-filler interaction of various sized RHP filled NRLFs.

3.6 Compression Set Properties
The constant deflection compression set, Ct of controlled and different-sized RHP-filled NRLFs, is
shown in Figure 1(f ). The compression test is better way of understanding the behavior of RHP-
filled NRLF when heated and compressed. A material’s high elastic behavior is indicated by low
compression sets [40]. Figure 1(f ) illustrates the pattern of increase in the compression set as the
size of the RHP decreases. The recovery percentage was observed to decrease as the RHP size
decreased, as seen in Figure 1(g). The lighter the particles interact better with the NRLF compound
when the size of the RHP particles is reduced, bringing about a better distribution of the RHP
particles within the NRLF. The compressed RHP-filled NRLFs were heated at 70 oC for a while
during the compression set test. The smaller, more evenly distributed RHP particles underwent
deformation and hardening, which improved the stiffness of the NRLF-filled RHP. When compared
to NRLFs with larger RHP particle sizes, these RHP-filled NRLFs appeared to exhibit a lower
recovery percentage.

4. Conclusion
This study demonstrated that smaller RHP particles increase the interfacial adhesion of RHP and
NRLF, making RHP a more suitable reinforcing filler for improving the tensile characteristics,
hardness, compression behavior, and foam density of NRLFs. The strong RHP particles-NRLFs
interaction, which affects the properties of NRLFs, is also explained by the rubber filler interaction and
the Qf/Qg value which decreases with the RHP size. The reduction of the RHP particle size caused
only a slight increase in foam density. The optimum stress value was noted for 50% compression of
10 pphr of 63 m-sized RHP-filled NRLF. A higher level of compatibility was also observed between
the RHP and the rubber particles in the NRL compound following a reduction in RHP size, leading
to improved reinforcement.
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Abbreviations

Symbols Description

RHP Rice Husk Powder
NRLF Natural Rubber Latex Foam
ZDEC Zinc diethyldithiocarbamate
ZMBT Zinc 2-mercaptobenzhiozolate
DPG Diphenylguanidine
SSF Sodium silicofluoride
RH Rice Husk
NR Natural Rubber
NRL Natural Rubber Latex
PMW Processed Mica Waste
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