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KAJIAN KE ATAS SIFAT-SIFAT KOMPOSIT POLIPROPILENA T ERISI

MINERAL HIBRID

ABSTRAK

Dalam kajian ini, sifat-sifat komposit terisi turadg(mika, silika, talkum dan
kalsium karbonat) serta komposit terisi mineral ridip silica/talkum (SI/T),
CaCQ/talkum (CC/T), silica/mika (SI/M) dan CaGfnika (CC/M) di dalam
polipropilena dikaji. Oleh kerana Malaysia mempuns@mber mika yang banyak,
maka ada kemungkinan untuk menggantikan talkum ygimgport. Maka dalam
kajian ini, sifat-sifat komposit PP terisi tunggadrta hibrid mika dan talkum pada
nisbah yang berbeza ke atas sifat-sifat mekanikatal, pembakaran dan reologi
dikaji. Komposit PP dicampurkan dengan menggundfaake serta dimampatkan
pada suhu 180 °C dan disediakan mengikut kepengian. Dalam komposit PP
terisi tunggal, mika menunjukkan kekuatan moduln dansil yang lebih baik
berbanding mineral tunggal yang lain. CaQ@ula menunjukkan kekuatan impak
yang lebih tinggi berbanding mineral tunggal yaag.l Dalam sistem hibrid SI/T
dan CC/T, sistem CC/T menunjukkan peningkatan setdaril.16% di dalam
kekuatan moduli dari nilai PP yang tidak terisi evad untuk setiap pertambahan T.
Tetapi, sistem SI/T menunjukkan penurunan di dakakuatan moduli. Di dalam
kekuatan tensil, sistem CC/T menunjukkan peningkatzanakala sistem SI/T
menunjukkan penurunan untuk setiap kenaikan 10 wum. CC/T juga
menunjukkan sifat termal yang baik dengan menurgokkilai CTE yang rendah
serta kestabilan termal yang tinggi pada nisbakumal yang tinggi. Sistem SI/T
menunjukkan kekuatan impak dan kadar pembakarag hdnih bagus berbanding
sistem CC/T. Untuk sistem hibrid SI/M dan CC/M, kaetua sistem ini menujukkan
kenaikan di dalam kekuatan moduli dimana CC/M memgpu peningkatan yang
lebih tinggi berbanding sistem CC/M. Sistem CC/Mnongukkan sifat kehabluran,
kestabilan termal dan kadar pembakaran yang lehik lberbanding sistem SI/M.
Berdasarkan kesemua sifat yang dibincangkan, ddipahpulkan bahawa sistem
SI/M mempunyai sifat-sifat yang terbaik berbandaygtem hibrid yang lain kerana
menunjukkan peningkatan yang lebih tinggi di dala@kanikal, termal dan kadar
pembakaran yang lebih baik berbanding dengan sistiend yang lain.

XVili



STUDIES ON THE PROPERTIES OF HYBRID MINERAL FILLERS

FILLED POLYPROPYLENE COMPOSITES

ABSTRACT

In the present study, properties of single compssfimica, silica, talc and CaG)O
and hybrids of silica/talc (SI/T), CaGfalc (CC/T), silica/mica (SI/M) and
CaCQ/mica (CC/M) filled polypropylene (PP) compositesre investigated. Due to
the availability of local resources of mica filler Malaysia, there is a possibility to
replace the imported talc with mica. Hence in stisdy the properties of single PP
composites, talc and mica hybrids filled PP contiessat different filler ratio on the
mechanical, thermal, flammability and rheologicedperties of PP composites were
investigated. These hybrid composites systems werapounded using Haake
internal mixer and hot compressed at 180 °C asqugrirements for testing. In single
mineral filler filled PP composites, mica showedt&eYoung’s modulus compared
to the other fillers and high tensile strength mhhcontent of mica filler. CaCO
filler demonstrated the highest values of impatrgjth compared to other types of
fillers. In hybrid composites of SI/T and CC/T, G&ystem showed 11% increasing
in Young’s modulus values with respect to the uedil PP with increasing T.
However, SI/T system has a decreasing trend of ysumodulus. The same trend
was observed in tensile strength, where CC/T hytoisiposites showed increasing
trend whilst SI/T hybrid composites exhibited ameasing trend with every 10wt%
increase of talc filler loading. CC/T compositescathowed good thermal properties
where it exhibits lower CTE values and higher tharstability with high filler
loading of talc. On the other hand, SI/T composg#kewed better impact strength
and flammaubility if compared to CC/T compositesr Rgbrid composites of SI/M
and CC/M, both composites have improved the ss8neith increasing amount of
mica filler where CC/M composites demonstrated @igimcrement compared to
SI/M composites. CC/M composites demonstrate highgstallization, degradation
temperatures and flammability compared to SI/M cosies. Thus based on the

properties discussed, it can be concluded that Sfvkrged as the best hybrid

XixX



composites compared to the other three hybrid ceitgsas it demonstrated higher

increment in mechanical, thermal and have goodrfiability characteristics.
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CHAPTER 1
INTRODUCTION

1.1 General Introduction

The growth of modern plastics has expanded forfils¢ 50 years in 20
century where new types of polymers were introduc€te introduction of
thermosetting plastics, thermoplastics, naturaympers, modified natural polymers
and biodegradable plastic proved to the succeggdastic materials industry. There
are hundreds of plastic available commercially dnlyy a few are recognized as the
commodity thermoplastics due to the high volume scomptions of these

thermoplastics as well as relatively low price (Ramtly & Neal, 2009).

The world demand of plastic according to the typksesin can be seen in
Figure 1.1. Poly (vinyl chloride) (PVC), polyprogyle (PP), low density
polyethylene (LDPE) and linear-low density polyddne (LLDPE) represent the
highest percent of plastic demand. This is followgdther types of plastics namely
expandable polystyrene (EPS), polystyrene (PS}, @hylene terephthalate) (PET)

and polyurethane (PUR).



PUR

others
19%

LDPE. LLDPE
17%

194 12%

Figure 1.1: World plastic demand by resin types in the yeaP@d6 (Andrady &
Neal, 2009).

Combinations of two or more material bring abdw advantage of having
the characteristic of each component to complemeach other. This holds great
potential to pick the most desirable combination ppbperties from numerous
materials to match demands of the various indwsstiibermoplastic composites have
attracted lots of interest with their unique prajgs. Combination of polymer and
particulate fillers can potentially improve the peoties of polymer in terms of
mechanical and thermal properties and yet pronmisé r@duction. Their properties
are influenced by several factors namely the fitbiaracteristics, filler content,

interfacial adhesion, etc (Deshmudthel., 2011; Husseiet al., 2011).

One of the commonly used thermoplastic materialsoigpropylene (PP). PP
offers several advantages including balance ohgtretogether with modulus and
chemical resistance at relatively low cost. In §odapplications, such as in
automobiles, particular appliances and some comatepcoducts, it is relatively
important to have creep resistance, stiffness,hoegs and good performances over

a range of temperature and deformations rates (ZnhMallick, 2002). In order to



achieve this, the usage of mineral filler filledR® composites to fulfil the demands

had grown exponentially.

Chronologically, inorganic minerals such as glasserf talc, calcium
carbonate, etc were initially used as fillers idypger composites. This is closely
followed by the natural organic fillers (Morreaeal., 2011). Calcium carbonate is
the most commonly type of mineral fillers that areorporated into plastic,
specifically polypropylene (PP) due to its loweicprand its filler loading that can
be manipulated to high filler loading. Flaky minefiler such as mica, kaolin and
talc on the other hand could bring a good advant@gemprove rigidity of
composites. It is also important for polymer conmassto have exceptionally low
coefficient of thermal expansion (CTE) becauseit ceduce fracture when there is a
sudden change in temperature. With the incorparadiomineral fillers mentioned
above including silica, this can help in reducimg tvalue of CTE in polymer
composites (Nurdinaet al., 2009). Apart from that, incorporation of inorgani
mineral fillers can help to enhance the performanteolymer composites by
improving the stiffness, heat distortion temperatdoughness, dimensional stability
and hardness. It is worth to note that the parsblape, loading, size and dispersion
of fillers affect the properties of polymer compesi(Azizi & Faghihi, 2009; Kaleel

etal., 2011).

Studies on hybrid composites is growing in reggdrs and from the trend
observed, hybrid composites proved to be one ofrthterials with many potentials
that can be manipulated into diversified materiedperties. The importance of
hybrid composites can be evaluated into three ragpects. Firstly, the demand of
hybrid composites is mainly due to the economicaatlyge. Through hybridization,
reduction of cost is the main focus by combininghbexpensive and cheap materials

3



but with advantages from both materials. Specifiaracteristics can be obtained as
combination of hybrid materials could offer widgstions to developed materials for
specific design and purpose. Finally, through hybmaterials the improvement in
mechanical and functional properties could be opteh when hybrid materials
interact with each other as it is combined (Babal., 2005). With good selection of
filler reinforcement and processing techniques rigdybomposites can be produced to

suit various practical requirements (Kord, 2011).

Azizi and Faghihi (2009) had studied the hybridmateffects of talc and
calcium carbonate. It is found that good impactpprties can be obtained through
the combination of talc and calcium carbonate du@dsitive characteristics that
exist between the two fillers. Hybrid of two types calcium carbonate also
contributes to better mechanical properties contpbéwethose of composites filled

with single-filler calcium carbonate.

1.2 Problem Statement

Accelerated growth in the utilization of minerdliefrs in plastic composites is
provoked by the needs of plastic industry to redoast and to improve specific
properties in their products. One of the typicarthoplastic namely polypropylene
(PP) is the major player in the industry that carfilbed with broad range of mineral
fillers. It is packaged with good heat stabilitpyd density and chemical resistance
but its application is somewhat limited by its lomechanical properties (Yazdaaii
al., 2006). Thus, properties of the matrix can beradtethrough the addition of

mineral fillers as it is simple and cheap. Thighe reason why particulate filled



polymers still become the subject of interest idusstrial and research fields. With
the incorporation of fillers, properties namely ts@ength, stiffness, hardness,

dimensional stability, etc. could be improved (Gioa-Echevarriaat al., 1998).

With its softness, lubricity and together with elent wetting and dispersion
in plastics, talc become one of the important nahtr be used as a filler in polymer.
Talc platy structure is a well known reinforcindler that is applied in various
industrial and commercial applications like in pag&d components, appliance
markets and automotive industry (Sag&ral., 2008). Other reinforcing filler that
has similar platy structure as talc is known asamidica could improve properties of
polymer as it has excellent mechanical, electracal thermal properties (Nurdiea

al., 2009).

Calcium carbonate and silica are other type ofg@kfillers to be used in the
polymer. Malaysia’s abundant reserves of calciumbaaate located in Perlis,
Kedah, Perak, Selangor, Negeri Sembilan, Pahan@ntéa, Sabah and Sarawak
accumulates to a total of 12,000 million tonnes fésssilica, the distribution of this
mineral filler in Malaysia could be found in theats of Johor, Perak, Terengganu,
Kelantan, Sabah and Sarawak. Mica on the other landming from the state of
Perak that is rich in the muscovite type in plabhame. It is then processed into
various sizes of ground mica powder and can be as¢le reinforcement in plastics

(Mineral, 2009).

In the previous work done by several researchemn fthe year of 2004 to
2010, combination of various mineral fillers suchtalc/glass fibers, talc/kaolin and
talc/calcium carbonate had been done. It was fautdthat hybridization of these

fillers had significantly improved the mechanicaldathermal properties although



properties of fillers such as Cag@nd kaolin composites are facilitated with the aid
of surface treatment and coupling agent. Howeverenattentions are focused
towards hybridization of talc/calcium carbonate vehat least six researches had
carried out the study on talc/calcium carbonatdedil PP. Following the
improvements by the combination of talc and calcicarbonate, it is motivated to
investigate different combination of mineral fikeand to find the partial replacement
of talc filler with mica as talc is currently beirighported from sources outside
Malaysia. Apart from mica, Malaysia is sanctifiedthwvast resources of mineral
fillers such as silica and calcium carbonate. Whibse resources, it is fascinating to
study the effect of adding these fillers in PP. ®omation or hybridization of these
fillers in PP will produce a new material with desl properties. There are several
works being done on hybrid fillers composites ihaestigated the hybrid effects of
talc/glass fiber, talc/kaolin, talc/calcium carbtnbut they only focus on one type of
hybrid composites. Therefore this present studyihaestigated and compared four
types of hybrid composites between talc/calciumbaaate with talc/silica and

mica/silica with mica/calcium carbonate hybriddi composites.

1.3 Objectives of Study

In this research work, four types of mineral fiflersilica, mica, calcium
carbonate and talc in PP composites were investigalhe objectives in this
research work are:

1) To investigate different types of mineral fillersdadifferent percentage of

filler loadings on the mechanical, thermal, physideammability and

rheological properties of PP composites.



2) To study the effect of four types of hybrid minerdlers filled PP
composites.
3) To investigate the possibility of replacing taldleii with mica filler in

hybrid PP composites.

1.4 Outline of Thesis Structure

Chapter 1: This chapter begins with the general introductmm thermoplastic
composites, its advantages and benefits. The probtatement, objectives and the

importance of this research works are specificstifiyed.

Chapter 2: Various literature reviews that related to polyimenaterials and mineral
fillers are reviewed. In addition, factors thatlugince the properties of particulate
fillers filled in polymer composites, hybridizatioaffects of mineral fillers on
polymer composites and the applications of polyraemposites in automotive

industries are reported in this section.

Chapter 3: In this chapter, detailed information on the miatsey methods and
testing procedures used to characterize the prepedf single and hybrid PP
composites are provided. Descriptions on the ldboyaequipments used are

specifically stated.

Chapter 4: Analysis and discussions on characterization ofemal fillers, single
filler composites and hybrid PP composites arentepan this section. Four types of
single filler composites and four types of hybnltef composites are characterized

and divided into three sections based on the tgpe®mposites. Each section will



have the analysis and discussions that revolves@h flow index (MFI), density
determination, void content, mechanical propertiesrmal properties, burning rate,
oscillatory shear modulus and morphology of the posites in which the filler
loading of mineral filler is fixed at 10 wt%, 20 %t 30 wt% and 40 wt% in single
composites and 40 wt% for hybrid composites. THecefof filler ratio for hybrid
composites were investigated at 10/30, 20/20 and036atio in weight percent.
Comparison of properties in single and hybrid systare made to find out the best

PP composites systems.

Chapter 5: Conclusions obtained from this research work esented in this

chapter together with the suggestions for futuseaech.



CHAPTER 2
LITERATURE REVIEW

2.1 Thermoplastic: Polypropylene

Polymers can be processed by injection moldingruseiin, compression
molding, etc and these polymers can be referreasttPlastics” (Ibeh, 2011). With
basically large molecular weight that consist afureing monomer units, polymer
can be categorized into two; thermoplastics andnhbsets. Thermoplastics can be
further divided into amorphous and semicrystalliypes. These two types of
thermoplastics are different in the sense that phwus thermoplastic have 0%
crystallinity but on the other side semicrytallitteermoplastics are determined by
various degree of “crystallinity”. Commodity therplastics namely polyethylene
(PE), polypropylene (PP), polyvinyl chloride (PV@nd polystyrene (PS) are the
four most popular thermoplastic due to the averagehanical properties that they
have and cost less with high consumption volumet tbantributes to the
consumption rate of 5%-10% per year (lbeh, 2011abld 2.1 shows the

consumption volumes of the four major commoditytheplastics mentioned above.



Table 2.1: Consumption volumes (sales, billions of Pounds)the four major
commaodity general purpose thermoplastics (Ibeh]1p01

Material 1998 (€) 2000 (€) 2002 (€) 2004 (€) 206 (
Polyethylene (PE) 30.16 33.33 35.71 37.91 38.01
Polypropylene (PP) 13.84 15.58 17.08 18.52 18.37

Polyvinyl Chloride (PVC)  14.68  14.36 15.25 15.88  .ao

Polyestyrene (PS) 6.62 6.68 6.77 6.77 196.

One type of thermoplastics polymer that is produitech the polymerizing
of many propylene monomer is known as PP. The mensmf propylene can be
linked through different approach but the commamf@f PP is fabricated through
crystallizable polymer chains that are producecetiogr with a catalyst. Together
with this form of PP, semicrystalline solid produgbuld have improvements in
physical, mechanical and thermal properties. Fremisrystalline PP production,
another form of PP is produced as the byproducishwére used in the applications
such as adhesions, sealants and caulk. These lbigisaare basically soft and tacky

and has very poor mechanical and thermal propdKissel & Han, 2003).

Azizi & Faghihi (2009) in their report had menti@ahthat PP is adaptable in
many applications as it is packaged with good pogee of stiffness, have high
service temperature, low in cost, with inertness @arity. One recognized method
to produce PP composites with different properisethrough the incorporation of
mineral fillers into the polymer with the purpose further improve both stiffness
and its heat deflection temperature as well agddyce PP composites for different

types of applications. Thus, mineral filler akintbee name of calcium carbonate, talc,
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mica, kaolin, wollastonite and glass fiber are ehtisat are well established fillers to

be filled in PP.

2.2 Polymer composites

Polymeric composites are one of the examples okmadd that are widely
used in majority of commercial applications. Thamples of polymeric composites
used including poly (vinyl chloride) (PVC), acryitmie butadiene styrene (ABS),
filled thermosetting resins, glass fiber filled gtias, etc. Polymer composites are
preferred over the single polymer due to severabathges such as increased in
stiffness, toughness, dimensional stability, imgevn mechanical damping and
reduction in cost. The end product of compositeeni@is depends on the properties
of each component that compose the compositesnstance, shape of filler phase,
morphology of the composites system and the interthat exists between the two
phases will determine the properties of the contpssnaterials (Nielsen & Landel,
1994). Composites material can be categorized into thrememgl categories as

presented in Figure 2.1 (Callister, 2007):

1) Particle-reinforced
2) Fiber-reinforced

3) Structural-reinforced
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Composites
Particle-reinforced Fiber-reinforced Structural
1 B l |
Large- Dispersion- Continuous Discontinuous Laminates Sandwich
particle strengthened (aligned) (short) panels
Aligned Randomily
ariented

Figure 2.1: Principle composition of composites material (G&dir, 2007).

Particle-reinforced composites can be divided id&wge-particle and
dispersion-strengthened compositions. In largeigartompositions, particle-matrix
interaction cannot be treated at molecular leveis is opposed to dispersion-
strengthened compositions. In particle-reinforcedchposites, the particulate phase
is normally harder and stiffer compared to its matAs this particulate filler is
incorporated into matrix, it has the ability to tret the movement of matrix phase.
As the consequences of this, matrix will transfgpleed stress to the particles. Thus,
strong bonding between matrix-particle is importastit influenced the mechanical

behavior of composites (Callister, 2007).

Among the particles used in particle-reinforcechposites are small mineral
particles, aluminium, and carbon black as been rtegoby Chandramohan &
Marimuthu, (2011). Through the reinforcement uguagticulate fillers, ductility of

matrix can be reduced, so as the cost of compos$ies of the examples of particle-
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reinforced composites is carbon black particle wmlypsobutylene elastomeric
polymer (Chandramohan & Marimuthu, 2011). Compated fiber-reinforced
composites, particle-reinforced composites are maagy to process and cost less.
Particulate fillers are added during polymer melan extruder or it also can be done

by injection moulding during polymer processing (N.d.).

Fiber-reinforced composites can range from cloith gaper in phenolic, glass
fibers in epoxies, aramid fibers in polyamides, ped glass fibers in polystyrene
and etc. This type of composites could offer unligungh strength and stiffness on
a weight basis. It is stated that even by usinglsifiber-resin the properties of high
strength and stiffness could be manipulated oveewanges. Both specific strength
and specific modulus of fiber-reinforced compositas exceed the values obtained

by metals (Nielsen & Landel, 1994).

In previous work done by Stefanescu et al., (20t studies on fiberglass-
reinforced in polymer composites had been repanedtie past decades. Due to its
high specific stiffness and strength, this polyroemposite is commonly applied in
the applications that require high fracture tougisnand fatigue durability. Example
of reinforcement of fiberglass is in poly(methyl tim&crylate), (PMMA) based
materials. Together with barium titanate (Ba3jivanopowder, this fiberglass-
reinforced polymer composites have the potentiabe¢oapplied in multifunctional
capacitors as structural dielectrics due the esnelinechanical properties and better

energy storage characteristics that they owned.

Structural composites consist of homogeneous antposites material. The
outcome properties of this type of composites ddpen the respective material

properties that compose the structural compositdsaso depend on the geometrical
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design. Two types of structural composites aregeized; laminar composites and
sandwich panels. In laminar composites, the file@rforced orientation layers are
stacked alternately to each other. Honeycomb &otieei example of sandwich panels
that consist of face material and core. In thisetgb structural composites, the core
material has low modulus of elasticity while thetesumaterial is stiff and strong

(Callister, 2007).

2.3 Typical mineral fillers for polymers

Fillers can be defined as solid materials that @pable of altering the
physical and chemical properties of the originalterials by means of surface
interaction or through its own physical characterss By this definition, fillers can
be understood as the material that gives signifiacaprovement on large scope of
properties for that particular composite. Georg29@) had mentioned that fillers
work in two ways as it is incorporated into a sgsté&irst, filler would contribute to
the enhancement of properties by ‘donating’ its gwoperties to the compositions.
Secondly, through important interactions that tgklese between the fillers and the
material, it would subsequently lead to the po$igtbof having strong chemical and
physical interactions or it could be no interacsicat all between the filler and the

material combined.

Cost reduction through filling materials is a wktlown concept since the
early area of polymer industry. Advance developmédrdve been done to further
refine the filler such that in fine-particle sizechnology, particle morphology,

surface treatments and the development of couplgent in order to achieve good
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polymer-to-filler bonding so that the mechanicabgerties could be improved.
Better understanding on the effectiveness of imdial filler would help in
optimizing the filler used. For instance, specificaracteristics of different fillers
would make them suitable in certain applicatiorst lequire the properties needed.
Basic properties requirements need to be identliefdre deciding on the optimum
filler type and filler loading that will be used.ddtly, two different fillers will be

blend together to balance the properties of cong®$iutz & Grossman, 2001).

With various mineral filler available around thigorld, it leads to the
disputed questions whether there is any ideal fdled whether this ideal filler could
be developed. The answer is simple as it all cobesk to the needs of end
applications that require particular set of chamastics in physical, chemical,
electrical, etc. Thus, it is essential for researstand users to identify the pro and
cons of the possible mineral that they want to eynpd be developed into polymer
composites. Among the characteristics of therfiltldat should be considered are the
cost, the availability, good surface wetting andding, good chemical resistance

and high strength (Katz & Milewski, 1987).

In Malaysia,over 33 different types of minerals can be founat ihcludes
metallic, non-metallic and energy minerals. Tabl€ Zhows the statistical
information on the amount of productions and vatienon metallic mineral in

Malaysia.
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Table 2.2: Productions (tonnes) and value (RM millions) ohsoetallic minerals in
Malaysia in the year of 2010 (Mineral, 2009).

Minerals Productions (tonnes) value (RM millions)
Clays 25, 000000 175.00
Feldspar 400,000 35.00
Kaolin 500,000 40.00
Calcium Carbonate 22, 000000 220.00
Mica 4515 3.16
Sand And Gravel 23,0000 220.00
Silica 862,626 69.01
2.3.1 Talc

The production of talc can be made from severah$oof ore. Talc is known
as the reinforcing filler in many plastic applicats due to its naturally platy shape. It
can act as the extender and together with its aggect ratio could give significant
effect to improve the performance properties oftipalar compound. Majority of
plastic user prefer to use talc that is white ilbapand consist of thin platelets. With
theoretical formula of 3MgO.4SKH20, the molecular structure of talc can be
observed in Figure 2.2. Talc usually comes with ghgsical properties of white in
colour, platy and has high brightness and dry mffrom supplier. When platy talc
IS incorporated into composites, it will usuallynt@bute to the improvement in

higher stiffness and creep resistance at ambieptemated temperature. At 40% of

16



filler loading, it could triple the stiffness of PBomposites up to 600,000 psi
compared to the unfilled PP that is only at 200,@30 But then, at high filler

loading the impact strength of the composites dsiced but this is solved through
proper selection of particle size, surface treatsand resin formulation (Radosta &

Trivedi, 1987).

@ =0 G =SharedO « =Si o=Mg

Figure 2.2: Molecular structure of Talc (Ciullo, 1996).

At relatively low shearing force, talc can be dellaabed because only some
very weak van der Waals forces that holds the planafaces of talc platy-like
structure. This is the reason why talc feels slippnd thus it is easy to disperse.
Important properties owned by talc namely highstegty, low gas permeability,
low abrasiveness and its lubricating effect aretduis plate-like structure (Xanthos,

2005).

The employment of talc in polypropylene (PP) s@rtin 1960s in the

application of under the hood automotive parts sashn fan shrouds and blades.
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The evolution of talc reinforced in polymer contauwith its application to replace
stamped metal parts in pump housing, washer tutbsim basket. This is followed
by replacing polyurethane and acrylonitrile-butaeigolystyrene (ABS) blends
when talc is reinforced in thermoplastic olefin ()Pto meet the demand of fascias
and kick plates for lower cost. The usage of tdlerfin TPO is extended during
1980s when the Japanese started to apply talc iomative applications to
manufacture automotive parts such as bumper, dasthband instrument panel
(Clark & Steen, 2003). Other applications of taicindustrial and commercial use
includes refrigerator jackets, in packaged comptmand as blocker of infrared in

agricultural films (Saq'ast al., 2008).

As filler in polymer, talc is used in various anmbsi of weight percent from
20% to 40%. The largest plastic used with talc s When talc is filled in PP,
several modifications will take place. Talc fille®@P would improve the
crystallization temperature, mechanical properdied could induce short processing
time in injection moulding. The PP nuclei is alsoreased as talc has the nucleating
ability that leads to the present of active siteascomposites surface (Ferrageal.,
2002; Sancaktar & Walker, 2004). As talc is incogted into plastic (especially PP),
it would give a good balances between rigidity amgact strength. Finest talc is
obtained from advanced milling technology withowdvimg to sacrifice on its
reinforcing power. With high purity talc, long tertinermal stability can be achieved
and that make the compounds produced ideal to é@@éysackaging industry such as
in odour-sensitive food contact applications. Tlads addition of benefit in colour
processing because less pigment is required duketavhiteness and low yellow

index (Murphy, 1996).
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2.3.2 Silica

The common availability of silica, its chemical itreess and durability are
the main reasons why silica is the major playandustry. Silica could be divided as
natural or synthetics minerals. Natural silica ¢stssof crystalline and amorphous.
Example of crystalline silica includes sands, gubusilica and quartz while
amorphous silica is the diatomaceous earth (Gedrg@9). Fumed silica which is
another type of amorphous silica is considerecetadn-toxic and non-irritating as it
is totally in amorphous state. This is differentctgstalline silica that is termed as
carcinogenic. Research work on fumed silica inrttaglastic has been investigated
and they found that this silica has significaneeffas a reinforcing filler when it is
incorporated into thermoplastic matrix (Lehal., 2009). In Malaysia, the deposits of
silica could be found in several states such asr)Jdterak, Terengganu, Kelantan,

Sabah and Sarawak with estimated amount of 148ikiBmtonnes (Mineral, 2009).

Primary particle shapes of silica depends on therakdeposits and it is
commonly ranges from round to angular (Rothon, 2008s it is ground,
performance of silica is influenced by the partisiee distribution and its acceptable
topsize. When silica is applied as filler, it isnr@monly have the characteristics of
low surface area, low-oil absorption and have amgphrticles that are graded by
topsize. High hardness, chemical inertness, hesistamce, low coefficient of
thermal expansion and good electrical insulatienthe reasons why silica is used in

polymer composites (Rothon, 2003).

Silica can function as toughening agent in PP amsit@s. This is confirmed
by research work done by Lipponenal., (2011) that investigated the toughening
effect of microsilica compound with PP where midioa increased the ductile-to-
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brittle transition point as high as three ordemnpared to pure PP. Studies on silica
filled in plastic also revealed the ability of sdi to reduce coefficient of thermal
expansion (CTE) as the result of giant molecularcstire owned by silica (Nurdina

et al., 2009).

Flammability of silica is studied and its effectness as flame retardant is
determined in previous work by Kashiwaggial., (2003). In this case, various types
of silica is used and it was figured that low dégnsilica such as fumed silica and
silica gel give positive impact on polymer compowaglit reduced the heat release
and the burning rates of polymer. This is due ® tiirermal insulation layer that
exists when particles from fumed silica and silggd accumulate at the surface of
polymer and prevent polymer concentration near sheace that lead to less

flammable material. This result is contradicted wigsed silica is used.

2.3.3 Mica

Potassium aluminum silicate hydroxide fluoride amenonly known as
muscovite mica as presented in Figure 2.3 havecht®mical formula of KA
(AlSi3010) (F,OH),. This is the most common mica group. Muscoviteantias the
colour of white to colourless and has aluminiunicate layered structures that are
bonded by layers of potassium ions. These charsiitsr make muscovite mica
flexible and elastic due to the perfect cleavagéhof sheets of flakes. In particular
thermoplastic, mica is used as the reinforcingtillAnother type of mica is known

as biotite with the chemical formula of K (Mg,B&)SizO10(F,OH). As oppose to
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muscovite mica, this type of mica has a brown cobnd thus are less preferred to

be used as filler in polymers (Kissel & Han, 2003).

o= Shared O e = Si, Al
K

= I o
o Vacant €

Figure 2.3: Molecular structure of muscovite mica (Ciullo, 39

The availability of mica could be found around tkerld especially in the
United States, Canada, France, Korea, Malaysia,iddeRussia, Madagascar and
India (Hamdangkt al., 2009).In Malaysia, the deposits of mica can only be found
the state of Perak (Mineral, 2009). Three commom$oof mica are muscovite mica,
phlogopite mica and biotite mica. These micas cdaddfound in acidic igneous
rocks, ultrabasic igneous rocks and in granitespeetively. As filler for plastic, the
characteristics of mica depend on its ability todrecessed to thin-plate shaped
particles. And thus, higher aspect ratio is expbdtem mica when compared to

other types of minerals fillers (Hamdaatial., 2009).
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With its platy shape, mica can bring about the athge to PP composites.
Uniform shrinkage as the results of similar dimendbetween length and width can
eliminate warpage in molded parts. Flow of gases lauids through PP parts are
reduced and this is important when the end apjpdicat require good barrier

properties (Kissel & Han, 2003).

Kissel & Han (2003) had reported that the incregigsiemand for material
that have larger, thinner and stronger parts a$ agelighter weight, higher heat
stability and better surface appearance contriiotethe use of mica as the
reinforcement filler. Automotive, appliances andnswuctions are the major
industries that are affected by the usage of negaferced PP. In automotive
applications, mica has the ability to improve sdhnatesistance and has higher mar
resistance compared to talc-filled polyolefins. STl a good advantage of mica,
therefore lots of researches are still going ommitke good use of mica as filler.
Other advantages of mica includes excellent etadtinsulator, good thermal and
sound dampening effect and it can act as UV ramtaktilocker at the wavelength
below 300nm. In addition, mica has good thermabibta up to 450 °C, soft and
non-abrasive. Apart from that, mica has the abibitgnhance modulus performance,
tensile and flexural strength where these propertig@rovements are dependent on

the orientation, the degree of adhesion and thenéxif orientation (Xanthos, 2010).

2.3.4 Calcium carbonate

There is an estimate of 12,000 million tonnes dfiaan carbonate (CaC{p

reserves in Malaysia that are located in the statézerlis, Kedah, Perak, Selangor,
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Negeri Sembilan, Pahang, Kelantan, Sabah And S&rgMineral, 2009). Most
commercial CaC® products are mineral calcite that includes marlatural
limestone, chalk and precipitated calcium carbandfben CaC®is used as the
filler, the preferred variant would be white in aolwith a high degree of mineralogy
purity. Other criteria are based on the particle sshape, surface area and liquid
absorptivity. Generally, there are two types of Ca@hich are natural CaG@nd

synthetic CaCgXCiullo, 1996).

The use of CaCe®as filler is mainly for its low cost and abundanake
sources. The main reasons for its usage are foe peduction and to improve
mechanical properties, heat stability, barrier prtips and crystallization behavior
(D'Haeseet al., 2011). Weon and Sue (2006) reported that as G&s@mpounded
with PP, the strength and fracture toughness areeased. CaC{Oparticles can
behave as stress concentrators to provoke toughemeachanisms. In hybrid
composites of talc/CaGOCaCQ can help in improving the overall impact strength

without having to sacrifice much on other mechdmnicaperties.

CaCQ is one of the important mineral filler that can &ssociated with
automotive applications. These applications inctudetomotive interior, exterior
and under the hood parts. Other applications cafolnred in household items and
furniture. Significant improvement with addition &aCQ offered increase in
stiffness, heat distortion temperature, retentiod anpact strength as well as its
dimensional stability. It is reported that when 3@%CaCQ filler is incorporated
into PP sheet thermoforming, the stiffness improaeiis comparable to other types

of polymer such as PS or PVC (Xanthos, 2010).
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2.4 Factors that influenced the properties of particulde fillers filled polymer

composites

The advantages of wider applications and low coestlae main reasons why
particulate filler filled polymer composites aretrattive. By adding inorganic
material into the polymer matrix, various physipabperties like strength, modulus
and heat deflection temperature can be enhanceckr@ly, factors that contribute to
the mechanical properties of particulate filled ymoér composites are particle
loading, particle shape, particle size and theribigfion of particles in polymer

composites (Bose & Mahanwar, 2004).

2.4.1 Filler loading

Generally, in most commercial particulate filledlyoer, the maximum
usage of filler is at 40 wt %. This is due to tleziase of physical properties when
the filler loading exceeds 40 wt%. However with gigress in processing and
compounding techniques, the future composites ntighaible to have higher filler

loading (Peters, 1998).

Filler loading has significant effect on procegsiconditions and the final
mechanical properties. In previous report by Matet al., (2011) mentioned that
when low filler loading is incorporated into polymehe filler would behave like
dilute particle suspension. The increments ofrfilkeding until it passes the critical
loading fraction will affect polymer-filler interéions. During the interactions,
absorbed polymer layer is formed on the filler aoef while interactions between

fillers would influence viscosity of polymer compies. The viscosity continues to
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