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Abstract
Rice husk (RH) is the outer covering which surrounds the paddy grain. Consequently, RH is

produced as agricultural waste in huge quantity as a part of rice milling and accounts for 20-25% of its

ash content due to combustion of rice husk leads to poor efficiency of carbon conversion. The present

investigation has been focused on the utilization of abundantly available agricultural waste rice husk-ash
in useful manner by dispersing it into polymer to produce composites by compression molding method.
As the resulis show a good interfacial interaction between rice husk and polyvinylchloride has been

achieved by madifying the surface using diisononyl phthalate (DINP) as a compatibilizing agent. The
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positive effect of rice husk reinforcement improved mechanical properties of the resulting PVC-based
composite. High filler concentration of rice husk, i.e. 40 wi% is proved to be the optimum concentration
to achieve maximum strength as well as thermal properties. Particularly, the possibility of producing
ceiling board from rice husks has been pursued. The mechanical properties of the 30/65/5 of
WRHA/PVC/DINP blend were investigated over a range of WRHA loadings (0 to 45%). The WRHA filled
PVC/DINP biend was prepared by using a twin roll at 150°C mixing temperature 50 rpm rotor speed for
30 minutes. Changes in WRHA loadings were investigated with tensile strength (Ts), flexural modulus
and hardness. The results revealed that the tensile strength (Ts) and hardness increased with the WRHA
loading while the flexural modulus decreased. Additional, the water absorption and fire resistance
provides evidence for the goed adhesion between the WRHA and the blend matrix.

Keywords: White rice husk ash (WRHA}), Composite materials, Elevate resistance temperature,

Polyvinyl chioride (PVC)

Introduction

Rice is one of the most popular and largest grown agriculture crops in Thailand. Rice husks are
an agricuftural residues materiai abundantly available in rice production. As per the annual generation of
rice husk in Thailand is nearly 5 million tons and hence its efficient utilization is urgently needed to avoid
environmental pollution. This husk contains about 75% organic volatile matter and the balance 25% of
the weight of this husk is converted into ash during the firing process which is known as rice husk ash
(RHA). Formation of the application of rice husk as (RHA) fuel in power plant is increasing due to its high
calorific power. In some areas, a large amount of RHA is treated as waste and disposed at fandfill site,
RHA usually has a light weight; thus produced also contributes to air polluiion and water pollution. The
disposal of bulky RHA could be a problem therefore; the airborne particles have been linked to
respiratory disease in humans [1]. Recently, efforis are being made not only to overcome the pollution
but also to find value addition to these wastes by using them as secondary resource materiats. RHA
usually contains over 60% sifica, 10-40% carbon and minor other mineral composition. Dus to RHA can
be an economically viable raw material for the production of silicates and silica in recent years [2]. The
white rice husk ash (WRHA) obtained from the combustion of RHA at moderate temperature contains
87+87% high silica in an amorphous form and some amount of metallic impurities [3]. Polymer matrix
composites (PMCs) possess significantly improved properties including high specific strength; specific
madulus and good wear resistance compared to unreinforced polymers. In recent years, Natural

reinforced fillers have been widely used as reinforcing in thermoplastic polymer composites. Using

density, renewability, biodegradability and absence of associated health hazards [4]. Flammability is an

important criterion in material sslection for building and consumer product applications. In general,
synthetic polymers are highly flammable due to their petroleum origin. Particularly important natural
resource are lighter, cheaper and provide much higher strength per unit mass than most inorganic fillers

such as carbon black, calcium carbonate, talc and zinc oxide [5-8]. Especially silica has been shown to
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be a good material for the synthesis of very pure silicon, silicon nitride, silicon carbide and magnesium
silicate [1, 7]. In this study, Polyvinyl chloride (PVC) is a versatile thermoplastic which has a range of
applications in domestic as well as industrial uses by virtue of its high abrasion and solvent resistance.
However, the cost of the products based on PVC can be significantly reduced if weight reducing filler {or
piasticized PVC) can be used which will make the composite lighter and will not be detrimental to the
mechanical or physical properties of polyvinylchloride as polymer matrix. Rich silica of White rice husk

ash (WRHA) has been investigated the fire resistance with different compositions,

Ohbjectives
The thermoplastic polymer PVC with constant plasticizer and WRHA filler composites has been
evaluate the physical praoperties, the thermal stability, mechanical properties. Also io examine the effect

of WRHA content on degradation temperature for the potential to ceiling board pursue.

Methods

Materials preparations

Rice husk was procured from local sources in Khenkhean province (Thailand) and was thoroughly
washed with water to remove the dust and dried at room temperature for 1 day. Washed rice husk was
then heated to 200°C for 1 h in order to remove the moisture and organic matter as shown in figure 1
(). During this aoperation, figure 1 (b} the color of the husk changed from vellowish to black because of
charring of organic matter. It was then heated to B00°C for 12 hrs to remove the carbonaceous material.
After this operation, the color changed from black to grayish white. Thus, the silica-rich ash gave the
amount of Si-OH left and Si-O groups undestroyed firing. WRHA was generally 1-5 mm long was

grinding closed system to fine powder. Ground WRHA powder was sieved through screen sizes fo get

300-400 um uniform particle size as shown in figure 1 (c).

Figure 1 {(a) Rice Husk (RA) (b} Rice Husk Ash (RHA) ' {c) White Rice Husk Ash (WRHA}

Formulations

The recipes used to prepare the composites are given in Table 1. The WRHA filled PVC/DINP
blends were prepared by mixing 5% constant of DINP with PVC polymer,
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Table 1 Recipes used to prepare WRHA filled PVC/DINP blends.

Materials Weight percentages
DINP 5/ 51 5 5/ 5 5 5/ 5 5 5
PVC 95 90y 85| 80| 75| 70{ &5} 60| 55| 50
WRHA 0| 5| 10| 15{ 20| 25| 30| 35| 40| 45

Compounding process
PVC suspension powder for general rigid applications purpose and the 5% weight constant

DINF stabilizer were premixed at room temperature. WRHA was carried out added into PVYC/DINP at

130°C and 50 rpm rotor speed in a two roll mill mixer for 30 minutes.

Figure 2 (a) Two roll mill = (b) Two roll milt operation of PVC/DINPMWRHA (c) Stainless steel mold

Molding process

PVC/DINP/WRHA blends were molded and subsequently compressed at about 150°C in an
electrically heated hydraulic into sheets of 5 mm thickness under a pressure 6f 14.7 MPa at 180°C
continuously pressed for 30 minutes. The sheets were immediately cooled between two plates of a cold

" press at 25°C.

Figure 3 (a) Molding of PVC/DINP/WRHA (b) An electrically heated hydraulic (c) PVCIDINP/AWRHA

composite

{
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Results

Bulk density

Density measurements were camied out on the samples using Archimedes's principle. The
buoyant force on a submerged object is equal to the weight of the fluid displaced. This principle is useful
for determining the volume and therefore the density of an irregularly shaped object by measuring its
mass in air and its effective mass when submerged in water (density = 1 gram/cmS). This effective mass
under water will be its actual mass minus the mass of the fluid displaced. The difference between the
real and effective mass therefore gives the mass of water displaced and aliows the calcutation of the
volume of the irregularly shaped object. The mass divided by the volume thus determined gives a
measure of the average density of the object. The resulis reveal in Fig.4 that an increase in the
percentage of WRHA particulates in PVC decreases the composite material density, this is due to fact

WRHA particles density {0.80-1.10 g/cma) are lesser denser than PVC (1.35-1.55 g.’cma).
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Figure 4 The results of density measurement on the base PVC/DINP and % WRHA contents reinforced.

Water Adsorption

The water adsorption measurements were performed according to ASTM standard method D
570-99 (ASTM 1999). From each sample, five 3 x 12 x 50 mm’ samples were cut. The samples were
subjected to heat treatment in an oven at 50°C for about 24 hrs, then immediately weighed {Wo). To
measure water absorption of composite materials, all of the samples were then immersed in distilled
water at amhbient temperature for 240 hrs, and then taken out weighted every 48 hrs (Wf). The percent

weight gain (PWG) was calculated as:

PWG = [{Wf-Wo)Wo] x 100

The water adsorption of composite materials from Figure 5 shown water absorption increased
with increases of WRHA powder loading into PVC matrix. This is because RHA powder is a natural

materials and its surface area of hydroxyl groups.
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Figure 5 shows the water adsorption of WRHA/PVC/NIDP.

Tensile strength (Ts)

The incorporation of WRHA to a PVC matrix may increase the Ts of the resulting composites.
Fiber type fillers normatly result in improved Ts, as the fibers are able o support the stresses transferred
from the PVC polymer. Figure 6 shows the effect of WRHA loading on the Ts of WRHA/PVC/DINP
blend. Ts found show dramatic increase with the addition of 5-30% WRHA. However a further increase
in WRHA loading reduces the Ts of the blend. As the filler loading is increased, eventually a level is
reached whereby the filler particles or aggregates are no longer as equally separated or wetted by the
polymer matrix. The possibility caused from the poor interfacial bonding between white rice husk ash

powder and PVC matrix.
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Figure 6 shows the Tensile sirength of WRMA/PVC/NIDP.

Flexural strength

One of the primary intentions of filler incorporation into polymers is to increase the stiffness of

the resultant material. The flexural modulus was determined with ASTM D 790 standard. Five rectangular
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bar shaped specimens are tested for each composition with a thickness of 5 mm and their average

values were calculated. Figure 7 depicts the flexural medulus of the WRHA filled PVC/DINP blends.

(a) (®)

Figure 7 (a) The flexural modulus test and (b) the WRHA filled PYC/DINP blends.
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Figure 8 The flexural modulus of the WRHA filled PVC/DINP blends.

An increase in WRHA loading decreased flexural modulus, indicating higher stiffness in the
WRHA-filled composites, whereas the tensile strength and flexural strength increased. The addition of
WRHA in the PVC/DINP composite improved the flexural strength to a higher level than PVC/DINP,
therefore giving rise {o a stronger but less flexible composite material.

ardness
Hat

The hardness test was carried out according fo Durometer (Shore-D} as ASTM D2240. The
measured value of hardness was taken after 15 seconds of contact in obtained at three different points

distributed over the test piece. Three test pieces were used and their average value was determined.
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Figure 9 The Durometer Hardness (Shore-D} of the WRHA filled PVC/DINP blends.

It is apparent from Figure 9 that the WRHA fifled PVC/DINP blends results in enhancement in
hardness of composite materials. This trend of results is expected because as more filler particles
incorporated into the polymer matrix, the elasticity or flexibility of the polymer chain is reduced, resulting
in more rigid biends. This observation is in perfect agreement with the results on flexural modulus

Fire resistant

Sample PVC/DINP will also hold the potential fo suppress the flammability of synthetic polymers
due to the high content of silica present in its compasition. Result of fire resistant of WRHA with different

compositions,

@ {b) {c)

Figure 10 (a) Fire resistance test (b) WRHA/PVC/DINP composite materials before testing and
- &YWRHA/PVC/DINP composite materials after testing
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Figure 11 The fire resistant of the WRHA filled PVC/DINP blends.

Conclusions and Discussion

1. The utilization of White Rice Husk Ash {WRHA) solves the problem of its disposal thus
keeping the environment free from pollution. The maximum vyield of WRHA was 45%, which could be
achieved under the mild reaction conditions.

2. WRHA powder filled in PVC polymer and DINP plasticizer composite could be successfully
developed having different WRHA weight percentage.

3. Density of WRHA/PVC/DINP composite decreased with increasing WRHA loading in the PVC
matrix.

4. Tensile strength, hardness of WRHA/PVC/DINP composite increased on WRHA.

5. Fire resistant of WRHA/PVC/DINP increased on WRHA.,
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