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RINGKASAN: Sejenis pengisi baru di bidang termoplastik telah diselidiki. Sekam padi
bi/a dibakar menghasilkan dua pengisi yang berpotensi, iaitu abu sekam padi hitam
dan abu sekam padi putih. Abu-abu ini disebatikan dalam polipropaHna dengan menggunakan
pengpau/ termoplastik Brabender. Tork pada tahap pengisi yang berlainan telah diselidiki.
Tori< j:,enggaulan didapati bertambah dengan tahap kandungan pengisi. Komposit polipropalina
dengan tahap kandungan pengisi yang berfainan kemudiannya disebatikan dengan
menggunakan pengekstrusi skrew kembar dan contoh-contoh ujian disediakan dengan
kaedah pengacuanan suntikan. Analisis termogravimetri menunjukkan persamaan yang
baik di antara kandungan pengisi yang dianalisis dengan kandungan pengisi sebenar.
Teknik ini juga telah menu'!J!,lkkan komposit-komposit tersebut mempunyai penyebaran
pengisi yang baik. Modulus fteksur dan ketumpatan semakin meningkat manakala kekuatan
ketegangan, pemanjangan tahap putus dan kekuatan hentakan menurun dengan
bertambahnya kandungan pengisi. _Cubaan untuk memperbaiki ciri-ciri ini dengan 'Epolene
wax' didapati kurang berjaya, menunjukkan ketidaksesuaian bahan ini untuk berfungsi
sebagai ajen pengkupel.

ABSTRACT: A new type of filler in the field of thermoplastics was investigated. Rice
husk ash when burnt yields two. types of potential fillers namely, black rice husk ash
and white rice husk ash. These ashes were compounded into polypropylene using a
Brabender thermoplastics mixer. Torques at various filler loadings were investigated.
The mixing torques increased with filler contents. Polypropylene composites of different
filler loadings were then compounded using a twin-screw extruder, ·and test specimens
were injection-moulded. Thermogravimetric analysis showed a good agreement between
the analysed and actual filler content. The composites were found to have a uniform
filler distribution by the same technique. Flexural modulus and density showed an increase
whereas tensile strength, elongation at break and impact strength decreased with increasing
filler content. An attempt to improve these properties with Epolene wax was not successful
indicating the non-suitablility of the wax to function as a coupling agent.
KEYWORDS: Polypropylene, rice husk ash, filler, composite, compounding, Epolene
wax, coupling agent, mechanical properties, thermal properties.

.

* To whom all correspondence should be addressed.

17

M. Y. Ahmad Fuad et al.

INTRODUCTION

The properties of plastic materials may be the significantly improved by the incorporation
of fillers and reinforcing materials. Among the thermoplastics, polypropylene has been
one of the most popular choices as a matrix material, due to its versatility to accept ·
numerous types of fillers and reinforcements. In recent years the use of reinforced
polypropylene in electrical and automotive engineering has been increasing oue to
its high modulus (stiffness) which enables it to substitute conventional materials in
engineering applications, particularly in the automotive sector (Weber, 1990). Typical
fillers and reinforcements for polypropylene are glass fibres, glass spheres, talc, asbestos,
wood flour, calcium carbonate, silica and mica (Bosshard and Schlumpf, 1987).
In this study, a relatively new type of filler is being investigated. Rice husk ash (AHA)
is the source material. Rice husk when burnt in open air yields two types of ashes
that have the potential to serve as fillers. The upper layer of the AHA mould when
subjected to open burning in air yields a black carbonized ash while the inner layer
when subjected to a higher temperature profile results in the oxidation of the carbonized
ash to yield white ash (WRHA) that consists predominantly of silica. Black AHA (BRHA)
can also be obtained from burners where the rice husk is burnt for a short duration
of time as fuel for obtaining energy.
Presently, the use of AHA as fillers in plastics has not been reported although its
application in other fields has been reported by many. Some workers (Bajpai et al.,
1981; Dalal et al., 1985; Chen and Yeoh, 1992) have used AHA to synthesize zeolites,
a catalyst, while Canard, 1993 has successfully patented the incorporation of zeolites
into polypropylene and nylon. The application of AHA in structural concrete, cement
and lightweight building materials is gaining popularity (Chang, 1990; Mahmud, 1992;
Ramli, 1992). Early work on the treatment of rice husk is described in the United
States Patent, 3,574,816; (Abbdellatif, 1971) where the husk is roasted under controlled
conditions for less than 60 seconds. Oxygen flow is regulated and roasting occurs
at specified temperatures (between 600 to 800"C). The husk is then roasted until _
it has lost 30-70% of its mass. The product, a reactive organic derivative of silicon
is then subjected to chemical reactions with specified chemicals to yield products which
can be used in the construction industry.
According to the patent, severe calcination (roasting) of the rice husk, which results
in a weight loss of more than 70%, will convert the organic siliceous material of the
husk into an unreactive and useless mineral silica (WRHA). On the other hand, moderate
roasting where there is less than 30% mass loss, yields a product with a mixture
of carbonaceous material and amorphous silica (BRHA) claimed to be of no practical
interest.
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In this study we intend to make use of these two products, which are usually regarded
as waste, as alternative low-cost fillers in polypropylene. Preliminary work on this
subject without the use of any coupling agent has been discussed in our previous
.. publication (Fuad et al., 1992). Here we report the use of a type of coupling agent,
Epolene wax E-43, in our efforts to improve the filler to matrix bonding.
-wRHA used in this study contained about 95% silica. BRHA on the other hand was
found to have lower silica content, typically about 54% and a substantial carbon content,
about 44% (Table 1). This study was carried out to investigate whether these two
materials would perform similar functions as other commercially available mineral fillers
such as increasing stiffness, hardness and heat deflection temperature without significant
drop in the impact and tensile properties. The effect of RHA on the thermal property
of the resu!tant composites was also investigated.
Table I. Chemical and physical properties of white and
black rice husk ash
Properties

Composition(%)
Cao
MgO
Fe2 0,
K2 0
Na2 0
Al 2 0,
P2 0.
Si02 (silica)
Loss on ignition (LOI)
Total composition
Size (mm)
Surface area (m 2 g ')
Density (g cm ')
Sampling location

White AHA
(WAHA)

Black AHA
(BAHA)

0.13
0.36
0.05
1.62
0.09
trace
trace
96.2
1.62

0.06
0.16
0.03
1.11
0.06
trace
trace
54.1
44.48

100.05
13
2.7
2.2
Bagan
Serai

100.03
20
97.8
1.8
Sek inc an

MATERIALS AND METHODS
BRHA was obtained from a rice mill in Sekincan and WRHA from a mill in Bagan
Serai, Perak, Malaysia. The RHAs were collected from open air burning sites
outside the mills. The polypropylene used was Propelinas 600G (homopolymer)
obtained from Polypropylene (M) Sdn. Bhd. with a density and melt index specified
as 0.9 g cm 3 and 12 g per 10 min respectively. In this study, an attempt is made
to choose an optimum coupling agent for the system. The first coupling agent chosen
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was Epolene wax E-43 (Eastman Chemicals). For comparative purposes, two commercial
talc-filled polypropylene resins at 20 and 40% filler content (Sumitomo BWH52 and
Nag~e Calp 4600G) respectively were subjected to the same specimen preparation
techniques and mechanical testings. The intention was to gauge the mechanical properties.
of the RHA composites with respect to the commonly available filled-polypropylene
materials in the market.
The black and white RHA were ground to fine powder using a ball mill (William Boulton
Vibro Energy Mill). The chemical composition was characterized using atomic absorption
spectroscopy and thermogravimetry techniques. Particle size distribution was determined
by a Coulter Counter. Surface area was determined by BET method using Micromeritics
FlowSorb II 2300. Density of the RHA particles were measured based on ISO 8962,
with some modifications using a glass pyknometer. Details of density measurement
have been elucidated elsewhere (Fuad et al., 1992)

Mixing Study
Initially mixing study was carried out using a Brabender W50E thermoplastic mixer.
The white and black RHA were oven-dried at 1200C for at least 24 h prior to mixing.
RHA powder, polypropylene and Epolene wax granules were mixed and weighed
proportionally to prepare samples of 1o, 20, 30, 40 and 50% filler loadings with 0.8%
coupling agent throughout. Mixing was carried out at a mixer temperature of 1800C,
rotor speed of 40 rpm for a period of 5 mins. A torque versus time curve was plotted
for each sample.

Compounding
The RHA and coupling agent were compounded into polypropylene by means of a
Brabender OSK 42/7 twin-screw compounder having barrel temperatures of 190, 200
and 21 OOC from feeding zone to the die zone respectively. The compounds were
extruded via a twin 4-mm rod die into a water bath, pulled and then pelletized.

Injection-moulding
The compounded samples were prepared into test specimens by the injection-moulding
technique. A 20-ton~ Battenfeld BA 200 CD Plus machine with a UNILOG 4000
control system (closed-loop control) was used. Mouldings were prepared- at an injection
pressure of 130 kg cm-2 , barrel temperature profile ranging from 175 to 195°C and
at a cooling time of 17 secs. A test specimen mould from Mastermould Inc. having
cavities for tensile specimen according to ASTM 0638 Type 1 and a rectangular bar,
125 mm x 12.5 mm x 3.13 mm, was employed for production of test specimens.
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Flexural Test
Flexural tests were carried out according to the ASTM 0790-86, Test Method 1,
Procedure A where a three-point loading system utilizing centre loading was performed .
The support span was 50 mm, and the diameter of the loading nose and supports
were 20 mm and 1O mm respectively. Tests were conducted at a test speed of 2 mm
per min with a 100 N load cell on a Lloyd L 1OOOS tensile/compression machine. The
Lloyd software was used to detect maximum force and it loads at specified strains
(0.7 and 1.0%) for subsequent calculation of flexural modulus.
Tensile Tests
Tensile tests were carried out on the same machine, using a load cell of 5 kN and
an infrared non-contacting extensometer for elongation determination. The gauge length
was 50 mm (ASTM 0638 - Type I) a with a test speed of 5 mm per min. Five specimens
were tested for each sample.
Tensile strength, percentage elongation, mean and standard deviation values were
calculated by the instrument software.
lzod Impact Resistance Test
Test specimens were prepared from the injected rectangular bar. Notching (45°) was
carried out on the specimens using a Davenport notch cutting apparatus. lzod impact
test was performed utilizing a 2-Joule hammer (Ceast 6546/000 1zod tester). A total
of seven specimens were tested for each sample. The test was conducted based
on ASTM 0256-88.
Density Test
Density of the composites were determined according to ASTM 0792, Method A, the
· water displacement method. An electronic densimeter (AND ED-120T) was employed
to measure the density of the injected samples to the third decimal place.
Hardness Test
Hardness of the composites were determined according to ASTM 0785, Procedure
A using Matsuzawa Rockwell hardness tester (Model DXT-1). The R scale was chosen
with a 0.5 inch indentor, minor load of 1O kg and major load of 60 kg . The mean
of at least six readings were taken for each sample.
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Melt Flow Index (MFI) Test
MFl's of BRHA and WRHA were determined according to ASTM 01238 using a weight
of 2.16 kg at a temperature of 230"C on a Zwick 4105. MFl's for the composites
with the Epolene wax were not determined because the resultant composites did not
perform to expectation.

Thermogravimetry Analysis
Filler content in the final samples were analysed using Mettler TG50 thermogravimetry analyser. The WRHA samples were scanned from 50"C to 550"C, at a heating
rate of 20"C per min, in air at a flow rate of 200 ml min- 1 • The BRHA and neat PP
samples were scanned at a similar rate in an atmosphere of nitrogen (flow rate of
200 ml min- 1). The RHA residue level wa~ calculated using STEP analysis available in
Mettler Graphware data evaluation software. To check filler distribution within the final
composite samples, the RHA residue levels were analysed at three different positions within
the bar specimen: at the gate, midpoint and end position of the bar. To study the effect of
the RHA fillers on the thermal degradation of the polyproJ'.Y)'lene matrix, onset of degradation
analyses were performed on the thermogravimetry curves obtained from scans in nitrogen.
Silica (Si02) content in the RHA powders and loss of ignition were also determined
using the thermogravimetry analysis technique.

Differential Scanning Calorimetry
Differential Scanning Calorimetric (DSC) analysis were carried out using Mettler DSC20
to study the effect of the RHA fillers on the oxidative stability of the polypropylene
matrix. Samples were scanned from 50"C to 250"C, at a heating rate of 10"C per
min, in air with a flow rate of 200 ml min- 1 • The onset of oxidation of each sample
was determined using ONSET analysis in the data evaluation software.

Microscopy
Studies on the morphology of RHA and the composites were carried out on tensile fractured _
surfaces using a Scanning Electron Microscope (SEM), model Hitachi S-2500. Samples
were coated in platinum using Hitachi E102 ion sputter. The photomicrographs were
taken at magnifications of x2000.

Test Conditions
Tests were carried out at standard laboratory conditions of 27"C and relative humidity
of 65% in accordance to ISO 291 standard on conditioning and testing atmospheres
for tropical countries.
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RESULTS AND DISCUSSION
Mixing Study

Torque versus time curves were obtained for polypropylene and composites with
various filler loadings. Torque values after a 5-min mixing time were recorded by the
. mixer evaluation software. A typical curve is as shown in Figure 1. The peak torque
obtained is due to the charging of the sample; being cold and unmelted, the mixing
torque is very high. Gradually as polypropylene begins to melt, the torque decreases
and finally after approximately five mins, it stabilizes.

Torque (Nm)

Temp (0 C)

iflfl

218
288

190
180
170
160
i50
i40
i30
120
1.8

110

2.8

3.8

4.8

5.8
Time (min)

Figure 1. A typical torque-time curve during compounding of
RHA fillers in polypropylene

The 5-min mixing time did not appear to be appropriate as the mixing did not start
at zero time, but gradually as the polypropylene began to melt. Thus, the mixing time
was adjusted (by means of the software) to be the time from the initial peak in the
curve (Figure 1). For comparison purposes, the torque after 3 mins from the peak
Nas taken as the value of interest.
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As the filler content increases, the mixing torque rose steadily (Figure 2). As the fine
filler particles mixed into the polypropylene matrix, the mobility of the macromolecular
chains of the polymer reduced, thus offering more resistance (torque) to the flow.
The increase was more pronounced in the BRHA composite indicating a larger energy was required to mix the BRHA than the white. This might be attributed to the larger
size of the BRHA particulates, though its contribution might small. The nature of the .
particles' surfaces together with the interfacial interaction between the discrete and
continuous phase are more likely reasons.

T~ge of fillers
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Figure 2. Effect of RHA fillers on torque after a 3-minute
mixing. Prefix 'E' denotes composite with Epo/ene wax

In actual . practice, dispersion of fillers in a polymer matrix is not perfect (Nielsen, 1979). Similarly, as in the case of most fillers, the WRHA and BRHA particles are
probably not well dispersed. The fine RHA particles tend to combine together to form
bonded aggregates which in turn may unite to form larger structures known as agglomerates
(Ess and Hornsby, 1987). As agglomeration affects greatly the mechanical properties
of the mixture, the higher torque in BRHA mix may be due to the higher degree
of agglomeration of its particulates. Figures 3 and 4 show the SEM microphotographs
with some evidence of agglomeration in the RHA particles.
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Contrary to expectation, addition of the Epolene wax increased the torques of both
RHA composites. Although it is claimed to be an effective processing aid for rubber,
a lubricant for rigid PVC and an excellent coupling agent for polypropylene/mica composite (Eastman Chemical Products-Technical Brochure) the same cannot be said
for the polypropylene/AHA composite. Increasing torques indicate that processing has
become more difficult and energy consuming. The Epolene wax used was in the form
of granules having the basic components of maleic anhydride and polypropylene. The
increase in torque is likely due to incompatibility problems between the matrix polypropylene
and the functionalized polypropylene of the wax. This problem will inevitably lead to
impairment of mechanical properties of the composites as observed in the following
study.

Figure 3. Scanning electron micrograph of
BRHA particles - x2000

25

Rgure 4. Scanning electron micrograph
of WRHA particles - x2000

M. Y. Ahmad Fuad et al.

Mechanical Properties
The overall results for the mechanical tests are as summarized in Table 2.
Table 2.
Propertlff

Results of mechanical tests on RHA composites
Fiiier
content

TALC

EWRHA*

EBRHA

2692

1579
1224
1300
1466
2141

1579
1008
1300
1654
2049

34.5
28.1
26.0
23.2
20.4

34.5
28.6
27.4
27.4
25.6

>600%

>600%

>600%

127
50.6
22.1

26
11 .2
6.4
1.7

40.4
36.6
40.9
24.6

6.7
6.4
3.4
1.3

110
72.6
68.4
54.4
50.0

110
45.8
42.3
28.5
24.8

110
28.1
27.7
26.0
25.3

110
25.9
22.4
21.4
20.7

WRHA

BRHA

0
10
20

1579
1639
1936

1579
1897
2306

30

2292

2639

40

2544

3124

0
10
20
30
40

34.5
31.2
27.0
24.9
21.8

34.5
28.9
26.9
23.9
23.5

0
10
20
30
40

>600%
>600%

0
10
20
30
40

(%)
Flexural
Modulus
(MPa)

Tensile
Strength
(MPa)

Elongation (%)

lzod
Impact
Strength
(J m·•)

3610

30.5
28.0

66.6
3.3

92.7
53.2

\

*Prefix 'E' denotes composite with Epolene wax

Flexural Modulus
As expected the modulus which indicates material stiffness increased steadily with "
filler content. The BRHA composite shows relatively higher stiffness than V\IRHA composite
but the modulus was generally lower than the moduli of commercial talc composites (Figure 5). Application of Epolene wax as coupling agent was expected to increase
the overall modulus of the composites but the opposite effect was observed. There
was considerable drop in moduli of both composites due to polypropylene incompatibility
as mentioned earlier. This showed the unsuitability of the wax to be used as a coupling
agent in the polypropylene/AHA system, although it might serve as a good coupling
agent for the polypropylene/mica composite, as claimed by its manufacturer.
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Type of fillers
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Figure 5. Flexural modulus versus filler content for AHA-filled polypropylene.
Prefix 'E' denotes composite with Epolene wax. TALC represents ·commercial
polypropylene

Riley and co-workers (1990) showed that flexural moduli of four types of mineral
fillers namely carbonate, clay, talc and mica, increased with both the filler loadings
and aspect ratio of the filler particles. (Aspect ratio is the ratio of the major to the
minor dimension of a particle). They noted that the degree of stiffness increases in
the following order : mica>talc>clay>carbonate. Their experimental data is in agreement with the Lewis-Nielsen model but" not the Padawar-Beecher theory. They inferred
that the factors affecting the composite modulus are filler modulus, filler loading
· and filler aspect ratio. High modulus composites require filler particles of high
modulus and high aspect ratio and preferably at high filler loadings.
The modulus of composites may be represented by a number of equations, as indicated
by Bigg (1987), the first and simplest one being from Einsten.
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(1)
where;
ER = relative modulus of composite to polymer
cp
= volume fraction of filler
This equation is only applicable to materials filled with low concentrations of noninteractive spheres. Padawar and Beecher put forward their theory (Bigg, 1987) on fillings
with planar materials where the effect of particle edge to edge interaction is considered
but not flake misalignment. Their theory may be represented by the following equation :

(2)
where;

=
=
=

modulus
modulus
modulus
modulus

of composite
of polymer
of filler

reduction factor (<1)

MRF is a fraction (<1) which approaches unity with increasing flake aspect ratio and
filler loading. According to Riley et al., (1990) the equation is only successful in
predicting qualitative trends in the increase of modulus with loading of a high aspect
ratio filler. For low aspect ratio fillers the equation by Lewis and Nielsen is more
applicable. They put forward the following equation:

EJEP

= (1 +

(3)

Tt~cj,)/(1 - 11'¥ cp )

where;
Tl
~

'P

= constant related to Einstein coefficient
= constant related to relative moduli of filler and polymer
= parameter dependent on the maximum packing fraction

of the system

Theoretical calculation for the modulus is not possible at this time because the value
of parameter ~ is not available since the modulus of the RHA filler is not known yet.
Jilken and fellow researchers (1991 ), working on dolomite (filler modulus approx. 35 GPa)
and letting ~ = 3 obtained good agreement with the Lewis and Nelsen equation.
Likewise a close agreement was obtained when they related their experimental data
on mica filler (flakes) with the Padawar-Beecher equation.

28

Application of Rice Husk Ash as Fillers in Polypropylene

Tensile Properties
Incorporation of fillers to a polymer matrix may increase or decrease the tensile strength
of the resulting composite. Fibre type fillers normally improve tensile strength as the
fibres are able to support stresses transferred from the polymer matrix (Bigg, 1987).
For irregularly shaped fillers, strength of the composites decrease due to the inability
of the fillers to support stresses transferred from the polymer matrix. In this study,
the tensile strength of both composites decreased steadily with filler loading. RHA
fillers were irregular and formed agglomerates as shown earlier (Figures 3 and 4).
These factors together with an unsuitable coupling agent, resulted in poor adhesion
of the RHA particles to the polypropylene matrix. Hence the drop in the tensile strength
was not unexpected indicating that the commercial PP talc materials do appear to
have superior tensile strength (Figure 6).
Application of Epolene wax could not check the drop in the tensile strength of both
composites although a slight increase in the strength of WRHA composite was observed.
The wax did not function as a coupling agent to improve the interaction between the
matrix and the RHA fillers due to its incompatibility as mentioned earlier .

.c.

Cl

~ 25

-0· BRHA

ii5

-a-wRHA

~

"iii

'1· TALC

c

~ 20

~EBRHA
·X· EWHRA

1sL-~~~~--.--~~~~-.~~~~-----.1. - ~ ~ ~ ~ ~
0

10

20

30

40

Filler Content {%)

Figure 6. Effect of filler content on tensile strength of RHA-polypropylene
composites. Prefix 'E' denotes composite with Epolene wax. TALC represents
commercial polypropylene
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Nicolais and Nicodemo (1973) suggested the following equation to estimate the lower
bound of tensile strength of composites:

(4)

= tensile strength of the
= matrix tensile strength
= volume fraction of the

composite
filler

= constarts related to stress concentration and geometry of the filler respectively

According to them, for spherical fillers with no adhesion, the value of "a" becomes 1.21 .
The constant "b" is equal to 1 if the material fails by planar fracture and 2/3, if failure
is by random fracture. For the purpose of calculation, if the RHA fillers are assumed
to Q0 spherical and the composites failing by random fractures, the lower bound curves
(LBC) for each composite will be as shown in Figure 7. The discrepancy observed
between the theoretical lower bound curves and the experimental curves is due to
the assumption that the RHA particulates are spherical and exist as discrete particles
while in reality they have irregular shapes and are in the form of agglomerates .

.c

Cl

~ 25

ci5

-0 SAHA

a,

'iii

c
~ 20 -

---WRHA
-0- LBC-BRHA

·X· LBC-WHRA
151--~~~~~~~~~~~~~~~~~~~--'

0

10

20

30

40

Filler Content (%)

Figure 7.

Lower bound curves (LBC) for RHA-po/ypropy/ene composites
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The elongation at break of the composites were more difficult to determine. The tensile
tests were carried out at 5 mm per min. At this test speed, the unfilled polypropylene
suuples did not break until the maximum limit of the testing machine (percentage
elongation in excess of 600%). The same phenomenon occurred with the WRHA
sample at 10% filler loading. Hence for the unfilled PP and 10% WRHA samples,
no elongation values were available. The elongation at break of both RHA composites
as expected decreased rapidly with increasing filler content as shown in Figure 8.

1401

Type of fillers /
0 BRHA
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l
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0
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I
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Z EWHRA

40 20 ·
0
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Figure 8. The effect of filler content on the elongation of RHA-polypropylene
composites

The drop in the elongation was much more apparent in BRHA composites where
even at a 10% loading, the elongation was reduced from an excess of 600% to only
26%. At maximum filling of 40%, the composite had an extremely low elongation of
1.7%. SEM micrographs indicated that failures of all BRHA composites were brittle
in nature while WRHA composites experienced ductile failures (Figures 9 and 1O).
Unfilled polypropylene itself exhibited ductile failures at this test speed. It appears
that the incorporation of WRHA did not alter the ductile mode of failure of the polypropylene
matrix while the BRHA results in a marked transition of the failure mode to brittle
fracture.
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Figure 10. Scanning electron micrograph
of WRHA composite surface at 30% filler
loading after ductile t~nsile fracture (x1500)

Figure 9. Scanning electron micrograph
of BRHA composite at 30% filler loading .
after ductile tensile fracture (x1500). Note
the brittle failure- mode

Addition of the Epolene wax resulted in marked deterioration of the elongation of
both composites . This provides further evidence regarding incompatibility of the matrix
polypropylene and the Epolene wax. SEM photographs of black and white RHA
composites with 0.8% wax (Figures 11 and 12) indicate that the wax does not improve
the wetting of the filler particles by the matrix material.

Figure 11. Scanning electron micrograph
of BRHA composite at 30% filler loading
and 0.8% Epolene wax after ductile tensile
fracture (x2000) showing no improvement
in adhesion of filler to matrix
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Figure 12. Scanning electron micrograph of
WRHA composite at 30% filler loading and
0. 8% Epolene wax after ductile tensile fracture
(x2000)
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As to how filler contents affect the elongation of the composites, the following explanation
may be put forward. When subjected to stress at a low strain rate, the macromolecular
chains of the polymer align themselves along the axial direction in line to the applied
tensile force. Incorporation of fillers which have poor adhesion to the polymer matrix
seems to cause interruption in the alignment process of the chains. When filler concentration
is.increased, more weak interfacial regions between the filler surface and polypropylene
matrix are formed. As crack travels easier through the weaker interfacial regions, the
composite therefore fractures at lower degree of elongation with increasing content
of particles.
lzod Impact Resistance
A gradual decrease in impact strength with increasing filler content for both white
and black AHA composites were observed (Figure 13). Without any coupling agent
to modify the AHA surface characteristics, poor wetting of the particles by the polypropylene
matrix was expected. This gave rise to poor interfacial adhesion between the filler
and the polymer matrix resulting in weak interfacial regions. During the impact test,
crack travelled through both the polymer as well as along the weaker interfacial ·
regions. The latter could not resist crack propagation as effectively as the polymer
region hence reducing the impact strength (Kendall, 1977). Increasing the filler content
merely increased the interfacial regions which exaggerated the weakening of the resulting
composites to crack propagation.
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Figure 13. lzod impact strength of RHA-filled polypropylene.
Prefix 'E' denotes composite with Epolene wax
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The fall in the impact strength is more prominent in BRHA composite. The WRHA
composite showed significantly better impact resistance compared to the BRHA. This
may be attributed to the greater agglomeration of the BRHA particulates. Ess and
Hornsby (1987) suggested that there are several adhesion forces holding the particles
together in agglomerates viz. interlocking, electrostatic, van der Waals, liquid bridge
and solid bridge forces. These combined interparticle forces are, however, weaker
than chemical bonding of the polypropylene matrix and are therefore easier to be
overcome by external mechanical energy (impact energy in this case) during fracture.
Consequently, BRHA particulates which are thought to have a higher degree of
agglomeration yield a more brittle composite which is more susceptible to cracking.
It is also interesting to note that the trend in the fall of the impact strength of the
RHA composite is quite similar in both curves. Without any coupling agent, the impact
strength, as expected, stands lower than that of commercial talc composites. Application
of the Epolene wax 'coupling agent' did not help to cushion the fall in the impact
strength but rather worsen the impact property drastically. Reasons for the sharp
decline in the impact property as explained previously, relate to the incompatiblity
of the matrix and the wax materials.
Density
The density of the composites increase with filler content (Table 3). Since both fillers
have a higher density relative to polypropylene, incorporation of the filler increases
the density of the composites. As WRHA is more dense than BRHA, it follows that
the WRHA composite has relatively higher density than the BRHA composite. The
theoretical density of a composite may be calculated from the following equation:

(5)
where;
Pc• p1 and Pm
W1 and Wm

= densities

of composite, filler material and polymer matrix
= weight fraction of filler and matrix in the composite

Using values of p1 (filler density) as determined previously (Table 1) where densities
of white and black RHA fillers are 2.2 and 1.8 g cm·3 respectively, the theoretical
densities of both composites were calculated. It is interesting to note that the calculated
values agree very well with the measured values for both RHA composites. This
provides strong evidence to validate the pyknometry technique as an accurate means
of determining filler density even when the fillers are in powder form. Table 3 compares
the values of the calculated density to the measured density as determined by the
water displacement technique.
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Table 3. Comparison of measured and calculated density
in RHA composites
Composite

Denalty g cm·•

Fiiier loading
%

Measured

Calculated

Black AHA

10
20
30
40

0.96
1.00
1.06
1.13

0.96
1.00
1.07
1.13

White AHA

10
20
30
40

0.97
1.03
1.11
1.19

0.97
1.03
1.10
1.19

Hardness
Hardness of the white and black AHA composites did not increase with filler loading
(Figure 14). In the absence of a coupling agent this was to be expected. The incorporation
of fillers only serve to increase weak interfacial regions between the filler surface and
polypropylene matrix. The addition of the Epolene wax also did not affect the hardness
significantly as it did not function as the intended coupling agent.
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Figure 14.

Rockwell hardness of RHA-polypropylene composites
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Melt Flow Index (MFI)
As filler content increases, the MFI value decreases (Figure 15). This is an expected
event as addition of fillers to the polypropylene restricts molecular motion thus imposing
extra resistance to flow. This trend was ·reflected in the earlier torque study where
increasing filler content results in higher torques, particularly in the case of BRHA
(Figure 2). Similarly, MFI decline was more apparent in the BRHA indicating that. BRHA _
composite offered more resistance to the flow. This may be due to the higher degree
of agglomeration of the filler, relative to the WRHA filler, as explained in the previous
torque study.
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Figure 15. The effect of fillers on the melt flow index values of
RHA-polypropylene composites

Thermogravimetry Analysis
Thermogravimetry technique was used to study the filler content and distribution within
the final composites. The analysis revealed that the determined filler content in both
white and black RHA composites were very close to the percentage of the incorporated
fillers. The thermogravimetry analysis also confirmed excellent distribution of filler
particles within the matrix, as filler contents at three different locations of the specimen
(at the gate, midway and at the end position away from injection gate) shown are
in close agreement. Details are as shown in Table 4.
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WRHA samples were analysed in air to burn off the polypropylene matrix; the residue
being WRHA which consists predominantly of silica. BRHA samples were analysed
in oxygen-free nitrogen (OFN) to burn off the PP matrix but without oxidizing the
. carbon content of the RHA. Overall results are as shown in Table 5.
Table 4. Filler content of composites (40 % loading) at different
locations in an injected sample to show good filler distribution

Sample

Measured filler content
(%)

Theoretical
filler content
(%)

Position of sampling
Gate

Midpoint

End

WRHA

40

39.4

39.6

38.8

BRHA

40

37.6

37.8

37.8

Table 5. Analysed filler content in AHA composites as determined
by thermogravimetry analysis
Theoretical
filler content
(%)

AnalyHd filler content
(%)
WRHA

BRHA

TALC

10

10.4

10.1

-

20

18.4

19.6

20.5

30

29.9

28.1

-

40

38.8

37.2

37.2

. The effect of the RHA fillers on the degradation of the polypropylene (in an atmosphere
of nitrogen) was also investigated. Onset of degradation of each sample was analysed
from the respective thermogravimetry curve. It was noticed that the degradation
temperatures of the BRHA samples improved with filler loading while the WRHA
samples showed no significant changes. A probable reason for this behaviour could
be the heat absorption capacity of the RHA fillers. BRHA particles being black in
colour are excellent absorbers of heat energy. As their quantity increase, more heat
is taken up by the RHA component of the composite. Thermal degradation of the
polypropylene matrix on the other hand, occurs only after a certain amount of heat
energy is absorbed by the material. The heat initiates the degradation process and
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breaking down of the matrix structure by causing molecular chains to rupture or scission
to occur (Billmeyer, 1971). With increasing filler content, more heat is absorbed by
the BRHA particles. A higher temperature is therefore required to supply the threshold
energy for commencement of the degradation process. Thus as BRHA filler content .
increases, there is a gradual favourable shift of the degradation temperature upwards,
as evident in Figure 16. Plot of the onset of degradation temperature of both RHA
composites with respect to filler loading is as shown in Figure 17.
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Figure 16. Thermogravimetry scans of BRHA composites (0-40% filler contents)
showing upward shift in the degradation temperature with higher filler contents
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Plot of onset of degradation temperature versus filler content
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Differential Scanning Calorimetry (DSC)
Differential Scanning Calor.imetric analysis revealed that as filler loadings were increased
in WRHA, the onset of oxidation decreased quite significantly, i.e., from 224°C in the
case of unfilled polypropylene down to 209"C in the higher-filled composite. WRHA
particles being a thermally stable inorganic material and white in colour do not absorb
much of the heat during the heating process and heat is transferred to the polypropylene
matrix. Increasing the proportion of fillers also increases the surface area to volume
ratio of the resin exposed to air. These factors probably lead to earlier onset of the
oxidation as shown in Figure 8 (Widmann and Reisen, 1987)
BRHA on the other hand, acts as an excellent absorber of heat energy (black body
principle). Although incorporation of the filler also increases the surface area in a similar
manner to the .WRHA, much of the heat supplied to the composite is absorbed by
the BRHA particles themselves. Thus the overall effect on the onset of oxidation is
negligible as evident in Figure 19.

100.

150 .

200 .

c

Figure 18. DSC scans of WRHA composites showing downwards shift in
onset of oxidation with increasing filler content

DSC and Thermogravimetry analyses were not carried out on the samples with Epolene
wax because test results on the mechanical properties of these samples were observed
to have been deteriorating. This indicated that the wax did not function as the intended
coupling agent for the filler-matrix interface and hence thermal analysis on the samples
was no longer significant.
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Figure 19. Effect of filler content on the onset of oxidation of
RHA-Po/ypropylene composites

CONCLUSION
The work presented in this paper hitherto is by no means conclusive. In our quest
to find an optimum coupling agent, the Epolene wax, E-43 was applied. Unfortunately,
it did not seem to improve the filler-matrix adhesion, and converse effects were observed
on the mechanical properties. There was a big drop in impact strength, flexural modulus,
elongation and significant reduction in tensile strength of the resultant composites when
compared to those without the wax. Incompatibility between the Epolene wax and
the matrix · polypropylene is the main reason for the deterioration of the mechanical
properties. However, the failure of this wax to improve adhesion does not constitute
failure for the development of the RHA composites as a whole.
Since the main intention of this study is to gauge the possibility of extending the
application of the low-cost rice husk ashes (RHA) as filler materials in polypropylene, an alternative coupling agent will be sought. Subsequent work will focus on the treatment
of the RHA particles by silane-based coupling agents.
The important point to emphasize here is that even without any coupling agent, it
has been shown that the mechanical properties of the RHA composites are comparable
to those of commercial talc-filled polypropylene materials commonly used for automotive
applications. For instance, the lzod impact strength of the WRHA composite at 40<){
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loading is comparable to that of the commercial resin while its elongation at break
is superior to that of the latter- The BRHA composite exhibits higher modulus than
the WRHA composite and the moduli at 20 and 40% filler content are not far below
the respective values of the commercial composites. Although the tensile strength
of both composites are lower than the commercial grades, the difference is not substantial.
With a suitable coupling agent, it is hoped the interfacial adhesion between the RHA
particulates and the polypropylene matrix be improved and thus obtain a composite
with superior mechanical properties.
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