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CHAPTER |

INTRODUCTION

1.1 Statement of problems

Polypropylene (PP) is a commodity polymer used in the wide ranging from
automotive applications such as automotive humpers and interior parts of automobiles
to packaging applications such as pouches fer ready-to-eat meals and other food
containers. Enhancement.of mechanical’and thermal properties of PP can be obtained
by making PP composites, by.adding micro-fillers (conventional fillers) in PP matrix.
Conventional fillers such as«#ale; mica and glass fiber are used at a rather high loading
of 20 to 40 wt% to improve imechanical properties and dimensional stability while
also increasing part weight because of its low: surface area and aspect ratio.
Montmorillonite or clay(silicaie nanolayeré) 1S a nano-filler which has much larger
aspect ratio and surface area and can enhance stiffness, thermal properties and scratch
resistance significantly at @ mueh Iower'—'fleading (2-7 wt%) when they are well
dispersed and oriented. Howevet, the mechénif:‘él properties in the case of toughness
or impact strength of PP compesite was also decreased which led to reduced impact-
stiffness balance of PR-composite—isotactic-potypropyiene is known to exhibit four
different crystalline ferms; alpha-form, beta-form, delta-form and smectic form.
Under normal processing conditions, alpha-PP is the principle constituent which may
be accompaniediby thesrelative low amount-of, B:modification:~The formation of -PP
can be promoted in"PP-by adding"various beta-nucleators such as quinacridone dye,
calcium_carbonate or wallastonite. The most beneficial selectivity'and activity were
found for calciumysalts of pimelied(Ca=pim) andcaryliamide .compounds. The beta-
form PP exhibits a higher impact energy but lower yield strength and elastic modulus
than alpha-PP.

In this work, it is our interest to prepare PP composites by adding organoclay
to improve stiffness and thermal properties and simultaneously adding a beta-
nucleating agent for improving impact strength so as to generate a better impact-

stiffness balance of PP composites.



1.2 Research objective

The main purpose of this study is focused on studying the effect of filler

(organoclay) and the beta-nucleating agent (aryl amide compounds) on crystalline

structure, thermal properties and mechanical properties of PP homopolymer.

1.3 Scope of the research

The scope of this research work includes

1.
2.

2.1

2.2

Literature review

Preparation of PP nanocomposites By melt compounding of the Homo-PP,
organoclay (OMMT),-compatibilizer (PP-g-MA: PB3200) and beta-nucleating
agent via a twin screw.eo-rotating extruder and study factors as follows;
Composition ratio girthe‘composites;

Homo-PP/PP-g-MA/oganoclay: 100/0/0, 95/5/0,795/0/5, 92.5/2.5/5, 90/5/5,
88/7/5, 85/10/5480/16/5, ahd 75/20/5.

Amount of beta-nticlgating agent ajdddéi'-ng to the composites, in the range from
0.05-0.30 wt%. 2 4

Characterization of thermal propert’ié%_-*gf_ the composites using DSC.
Determine physical properties of théﬁé_"ﬁocomposites according to ASTM D-
256 (impact strength) and ASTM DJ?Q'G(erxural modulus).
Characterization-of erystal-forms-in-the PP-eemposite using DSC and XRD.
Characterization of the morphology of composites using SEM, TEM and
XRD. ' '

Charactefization of-therrheglogy,of.compositesusing Rheometer.
Summarizing the results and discussions.

Writing.a publicable article for.an international journal and writing a thesis.



CHAPTER I

THEORY AND LITERATURE REVIEW

2.1 Polypropylene growth and use

Polypropylene was initially produced commercially about 50 years ago after
the successful development of a suitable stereo-specific catalyst, which enabled the
polymer to have a kind of structural characieristics useful for rigid items. The
continuous growth of polypropyiene is expected-to continue into the next millennium
as raw materials in an expanding number of end-use products for the automotive and
film industries [1]. Earliery"the performance of polypropylene was considered
intermediate to polyethylene and polystyrene (PS). But, a late, there is significant
inter-material competition /1o replace;_.-éngineering polymers as materials of
construction by polypropylene hase resin..

The significant growth of PP use is.attributed to combination of any factors
besides a good balance in physical and, chemical properties. Because of the
appropriate melt rheology and-thermal b’ghé.’&lior, PP-based materials are widely
process able on variety of different equipmeh-t ranging from injection molding to
some designed for theuse in order industries | like calendaring and air-quenched blow
film equipment. Additionally, by the having the lowest Gensity among commodity
plastics at approximately 0.90 g/cm®, continued market-penetration of at the current
rate of growth is.almost ensured on. the basis-of good mechanical properties at reduced
cost per volume. Finally, because many major companies are designing their products,
polypropylene stands out as the main product with the widest design flexibility and
simplicity of recycling. [its excellent. thermal stability,” low density (assisting in
separating from other materials), chemical and environmental inertness, even its
caloric in the case of incineration all add to its attractiveness as materials of

construction.

The global supply from several producers located throughout the world
ensures good supply at competitive prices. From the mid-1990s end of the 20"

century, significant capacity increases will occur. The supply and demand balance



works favorably to the consumers is benefit. This keeps prices in check and ensures
that suitable supply will be available. Additionally, in the next 10 years, significant
amounts of polypropylene from recycled materials vary widely in cleanliness but are
though to be suitable for a variety of applications, including operation, and this will
continue. Additionally, post consumer waste primarily from packaging is becoming
more available but often of lower quality (e.g., sometimes limited to black pigmented
products)

Polypropylene homopolymer consists of molecular chains with repeating unit
of propylene monomer generated in the reaCior.«it'is derived from three major sources
today. Globally, most propylene monomer comes from the stream cracking processing
naphtha, a valuable fraction-of crude oili Usually, naphtha crackers target products are
ethylene monomer. Propylengis a by product of the cracking process produced at
various ratios depending on the crude oil feedstock. Many cracking processes have a
propylene plant intimately, Connected, effectively use the propylene that comes from
naphtha cracking. Thessecond largest ‘production of propylene comes from the

gasoline refining process.

Finally, and most recently,a new prQCe§$ by which propane is dehydrogenated
to propylene monomer has been usedrtbarproduce propylene. Despite certain
economical short ceming, when propane IS readily available and transportation to
market is less favorable, this process is now starting to be applied. Propylene purity
requirement for the production of polymers is very high. Trace impurities in the
polymerizations process ' cause ' poisoning “of the catalyst during production. The
industrial routes to produce propylene monomer and the region capacities with
expected grewth,arevoutlinedsin Figure;2: L[]
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Figure 2.1 Supply.of polypropylene monomer [1].

2.2 lsotactic polypropylene (iPP) .

221 Structure and mérphology )

Propylene is one of the mdst impbﬁant of hydrocarbon polymers and is the
first synthetic stereoregular polymer to:achleve considerable commercial and
industrial importance. Tt b

Stereoregular pﬁ’rypropyhﬁerwaﬁrrstrobtarmd—by Natta and co-workers in the

1950s that the chain conformation of iPP is a threefold hellx which can be either right
or left-hand, with a per|0d|C|ty of 6.5 A as shown in Structure I.

CH, - [CH, - CH| -CH,
L

Structure |

The molecular structure of polypropylene is formally derived from
polyethylene by the substitution of one of the H atoms on alternate C atom of the
chain by CHgs group. Stereoregular configuration can be described as Figure 2.2
Figure 2.2a is isotactic, in which all pendent CH3 groups are attached on the same side

of the chain, that is, all units have a spatially identical arrangement of atom; Figure



2.2b is syndiotactic, in which the configuration of the C atom carrying the side group
shows a regular alternation along the chain; Figure 2.2c is atactic, which there is a
random arrangement of pendent CHs groups [2].

Figure 2.2 Representation of the spatial dispersion of CHs; (R) in (a) isotactic, (b)

syndiotactic, (c) atatic polypropylene chain segment [2].



The stereoregularity of polymer molecules is of high importance for the
properties of materials. It determines the possibility for adjacent molecules to fit
together and therefore to crystallize. It also controls the strength of forces between

molecules, on which the mechanical properties of the materials depends.

Commercial polypropylene generally has about 0.95 or higher is tactic indices.
High isotactic index contributes to higher crystallization of the polymer and much
improved mechanical properties of the products. It increases, for example, the yield

stress, elastic modulus, hardness, and brittle point of the polymer.

The crystallizability of the chain is a critical factor governing the resultant
morphology. The degree gi=crystallinity of PP homopolymers is governed primarily
by the tacticity of the chain. Isomatic_chains result from the head-to-tail addition of
polypropylene monomer Jtniis, where the methy! groups always have the same
configuration with respectito the polymer backbene. Syndiotactic chains result from
the same head-to-tail addition of monomer units, but the methyl groups have the
alternating configuration with respect to po'l-ymer backbone. The stereospecificity

(isospecific or syndiospecifi€) refers to the consistent placement of the methyl groups.

The stereochemistry of the PP chaih sfrbhgly influences the crytallinity this is
show in Figure 2.3, Which shows wide angle X-ray patterns of isotactic, syndiotactic
and atactic PP. Figure 2.3 shows pronounced crystalline reflections when the PP chain
contains either regular isotactic or syndiotactic sequences. Those patterns are relate to
the specific crystal unit cell symmetries forjthe isetactic and Syndiotactic PP. Atactic
PP shows no strong reflections, exhibiting only a very broad and diffuse characteristic

of a non=crystalline'material.

On the crystal lattice level, isotactic PP shows well-known crystalline forms,
namely monoclinic alpha-form, beta-form, triclinic gamma form and smectic: delta-
form (partial order of micro crystal of the hexagonal and/or monoclinic). The alpha-
form dominates in the crystallization of the PP grades used in mostly industrial
applications. Among there four crystalline structures the beta—form demonstrates

higher performance such as higher tensile elongation and higher impact resistance.
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Figure 2.3 Wide angle X-ray patterns of isotactic, syndiotactic and atactic PP [2, 3]
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2.2.2  Alpha modification” =il

The principal isotactic %orm (the alphaqform) was first observed by Natta in
melt crystallized métér'ial. It is normally observed also in solution-grown crystals .the
structure determination;s carried out on alpha phase isotactic polypropylene showed
that the crystal structuregis-monoclinic and:the chains assume a helical conformation
from the x-ray“data it-follows' that the identity in the maindirection of the chain
comprise three "monomer units. The symmetry of the helix is characterized by a
threefald screw axisi Consequently right= and leftshanded helices are|possible. They

are arranged In regular pattern, a left-handed helix always facing a right-handed one.

2.2.3 Beta modification

Commercial grades of iPP, when processed in laboratory or industrial scale,
crystallize essentially into alpha-modification. At first Padden and colleagues [4]

demonstrated by X-ray diffract metric and optical microscopic studies that, at the high



super cooling, the formation of the alpha-modification was accompanied by
appearance of the beta—modification.

Turner-Jones and coworkers [5] were the first to report the formation of
polymers highly rich in beta-modification. They crystallized a particular (unspecified)
iPP sample in the range of 393-403 K into a nearly pure beta- iPP. They introduced a

k, value for characterizing the proportion of beta-modification by X-ray

B

diffractometric data, as shown in Equation 2.1 [5].

K _ P 2.1
/ Hpy + ((Hi=fH, + H, ) @1

al a2

Where H_,, H,, -and H , are the intensities  of alpha-diffraction peaks
corresponding to angled, =7.4°% 3.5° and 9.4°, respectively, and H ,, is the intensity
of beta-diffraction peaks corresponding to angle ¢. = 8:1°. The k, value is a relative

measure for characterizing the polymorphic composition but it does not express the
absolute value of beta-comtent numerically; although its value is O for alpha- iPP and 1
for beta- iPP, as is apparent.

Several attempts 'were subsequently rﬁarde to prepare the beta-modification in
pure form. Two methods have been used successful to prepare samples rich in beta
modification; the temperature gradient method and introduction of beta nucleating
agents. Furthermore, it is’known that shear stress also promotes the formation of beta-

modification.

The use of lnucleatingagent can afiectthe physical and/of.optical properties of
PP products. Regardless of which effect Is desired, it is brought about by the same
mechanism; increased nucleation of the crystallizing PP. In general, PP cans
crystalline form, depending on the nucleating agent type which is used. Typical
nucleating agents are shown in following Table 2.1.
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Table 2.1 Nucleator types and their crystal forms [6]

Nucleator types Crystal form provided

1) lithium,sodium, potassium benzoate

2) sodium salts or organophosphates

3 ) talcum, finely divided (<40 nm) Alpha-crystalline form
clays
4 ) milled, bis-(3,4—-dimethylbenzylidene

sorbitol diacetal)

5) quinacridone dye

6) triphenol ditrazine

7) aluminium quinizarin sukfenic acid Beta-crystalline form

8) disodium, calcium phthalate

9) aryl amide nucleator{7]

The beta-form PP is easily. identified by X-ray diffraction, polarized optical
microscopy, and scanning electron microgpppy due to its high birefringence. The
beta-form has been obtained by crystallization at higher temperature (t; = 120-140 °C)
and can only be studied if the sample terrhpre_rature is maintained above 110 °C.

Moreover, beta crystallization is reduced in copolymers'of propylene with ethylene

[7]1.

Numerous investigations have beem.carried out involving the subject of the
beta iPP crystal structtire but most previouds studies were only concentrated on the
techniques are used to promote the beta—form are following.

1. Addition of beta-nucleators.
2. Crystallization in a temperature gradient/thermal gradient.

3. Shear-induced technique.

Crystallization in the presence of beta-nucleating agents promises to be the
most reliable method for industrial applications. The most well know and beta
nucleating agents is a gamma-quinacridone red pigment (Permanent Rot E3B) as an

effective nucleating agent. Their k, value is around 0.8 as calculated from X-ray
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diffractometric data but, when crystallized under given thermal conditions, k, value

may reach about 0.9 [8] . Even though gamma-quinacridone is one of the most
effective beta-nucleating agents, pure beta- iPP could not be prepared in its presence.
In other words, its alpha nucleating effect is not negligible. It was also observed that
beta nucleating activity is reduced during processing. This indicates a modification in
the physical or chemical structure of this red pigment due to the high pressure and
temperature of processing. A drawback of gamma-quinacridone is its intense red

color, which may restrict its practical application.

The internal micrestructure of the beta form spherulites is thought to be
composed of radial arrays.of-parallel stacked lamellae. In this regard, the lamellar
microstructure of the bgia=form exhibits much greater similarity to the conventional
microstructure of semi_erystalline phetopolymers than does the alpha form with its
unique tendency for cross-hatch formation. Various studies have suggested that the
crystallographic a-axis digection, assuming a hexagonal unit cell [9]. Table 2.1 gives
the types and crystal formns of nticleator used for polymer modifications.

Various mechanisms have been postulated foe beta-form melting and the beta-
to alpha-form recrystallization process. Many of the associated effects bear close
resemblance to general reorganization phenomena in' semi-crystalline polymers.
Varga and co-workeis have extensively investigated and-reviewed the transition of
beta-form to alpha-farm crystallinity in optical microscopy and DSC experiments.
Using preferentially nucleated materials, these studies suggested that the optimum
isothermal crystallization temperature ‘for formation of beta-grystallinity is between
100 °C and 141°C. It was proposed that recrystallization of the beta-form to alpha-
form is, promoted~if+the" temperature Is lowered, following crystallization, below
critical temperature. This critical temperature, TR*, was in the range of 100 °C to 110
°C [3]. The proposed mechanism was thought to occur by formation of alpha-form
nuclei act as sites for alpha-form recrystallization following melting of metastable
beta-form crystallites on heating. Figures 2.4 and 2.5 show the typical X-ray
diffraction diagrams. Figure 2.6 shows optical micrograph of pure beta-iPP
crystallized [8].
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.
[4] as observed only 1

Ci a'ereight having a degree of
s : - . . .

isotacticity not too Iow:;lt was later obtained from solvent fractionation [2]. A fraction
of isotactic polypropyﬁne precipitated from petrol ether or xylene is the temperature

range 35-70 °C:imelted andislowly: ceoled-from; 190 °C..under vacuum, at 6 °C/h to
room temperature, shows gamma-form crystallinity. It is therefore not necessarily

associatedwith-tow malecular:weight polymer-crystallinity

This crystalline modification has been obtained, free of alpha form, by melt
crystallization under conditions of elevated pressure. In this case a difference in
behavior was found between specimens prepared at a large degree of supercooling
(A <40 °C). In the first case the samples; examined by long—angle X-ray diffraction,

show long spacings. which are characteristic of chain-folded lamellar crystals. For the

second one, no long spacings are obtained. These data suggest that for the samples
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prepared at elevated pressure with low supercooling the amount of chain folding is
minimal. It is suggested that in this case the gamma-phase is composed by extended

chain crystallization.

The most likely unit cell for the gamma form is triclinic. The method of
crystallization and the molecular weight of the sample play an important role in
determining the phases present in the sample. Figure 2.7 presents the X-ray diffraction
diagrams of three crystalline form of, isotactic polypropylene. The gamma phase
polypropylene crystallized at elevated hydrostatic is metastable in character. The DSC
thermogram a sample crystallized under pressure at the large degree of supercooling
shows that material transforms entirelfto the alpha phase prior to melting. On the

contrary, when the gamma«phase is prepared with low degree of super cooling it is
stable, showing no transformation o the alpha phase up to 173 °C, temperature at

which the X-ray scan ohtained shovv’ép of‘_r!; the presence of gamma phase as shown in

Figure 2.7.

Intensity
o-form
y-form
4 & a Ta = na
g"

Figure 2.7 X-ray diffraction diagrams of iPP crystalline forms [3].
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2.2.5 Smectic

Many commercial fabrication processes utilize rapid cooling conditions.

Under these conditions, it is common to observe the crystallization of iPP in the
mesomorphic form, also commonly referred to as the smectic form. The mesomorphic

phase represents a state. Figure 2.8 shows a comparison of the wide angle X-ray
pattern of the mesomorphic form compared to the patterns of the atactic PP

(amorphous) and the alpha-form of iPR.

Early work suggestied. a he§agona| erystallographic symmetry in the
mesomorphic form [3, 11}.-Fhis assignment of the hiexagonal structure was based on
the observation that thesprimary diffraction intensity.maxima of the mesomorphic

l
form more closely corresponded o0 the two most intense reflections of the beta-form,

')

which was classified as a_ hexagonal uhi't cell. The mesomorphic form could be

induced by compressiveddeformation of iPP in the alpha-form, provided that the

deformation temperature was below the '{J:pper stability of the mesomorphic form.

Similarly, some experiments have" suggé’qud that an oriented mesomorphic form
_ i ‘:-’_.,"
results from drawing samples witfrbeta-form crystallinity at low temperature.
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Figure 2.8 Comparison of the WAXD pattern of the aPP (amorphous), iPP in the

mesomorphic form, and iPP in the alpha-form [3].



16

2.3 Additives in PP

Virgin PP directly from a commercial process is very susceptible to air

oxidation. If stored unstablized at ambient temperature . the physical properties of the

product deteriorate rapidly over a period of weeks or months depending on the

physical form, temperature, available oxygen, and other considerations. This

exothermic reaction can be prevented by the addition of a few parts per million of an
antioxidant to the reactor to the product before drying and storage. This is often

referred to as an in-process stabilizer [3].

Beyond the need forstabilization, additives-are used in PP for the following
reasons:

Adjust color: Relypropylene is whitish in color: Pigments are used to add
color to the manufactured ariicles: Pigmen't.s mat also have an impact on stability and

physical properties.

Alter stiffness: Polypropylene homepolymers and copolymers are typically
semi-crystalline materials “which:‘are -manufactured to obtain various degree of

stiffness. The stiffness can he further adjusted through the addition of plasticizers,

nucleators, or fillers.

Control transparency: Polypropylene is translucent. Its transparency is
dramatically improved.with:clarifying.additives., It can.also be. rendered opaque with

pigments and fillers:

Lower molecular weight and molecular weight distribution: /Additives can be
used to reduce the molecular weight and narrow the molecular weight distribution.
This alters processing characteristics and physical properties.

Decrease static buildup: Polypropylene is a natural insulator and can build

static charge. Several types of additives are used as antistats.
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Control surface properties: various additives can be used to modify the
frictional and adhesion properties of PPs.

Neutralize catalyst residues: Acid scavengers are routinely incorporated to

neutralize catalyst residues and prevent equipment corrosion.

Suppress transition metal catalyzed: The oxidation of PP is accelerated by
certain metals. Several types of metal chelators successfully suppress this

phenomenon.

Enhance whiteness: Fluorescent or brilliancy of pigmented and unpigmented
articles.

Prevent biologicalsgrowth: Biocides are used to prevent biological growth on
the surface of PP articles.

2.4 Crystallization beavior

Polypropylene is a semi-crystalIine’pbly_mer. Its properties are determined by

its crystalline structure and the relative amount of amorphous and crystalline phases,
crystal structure, size and perfection of crystallites. dimensions of spherulites and the

number of tie molecule. The crystalline phase of polymers consists of thin plates or
ribbons with chains oriented along the thin dimension. The amorphous region consists

of chain-end cilia, totally"oceluded chains, and chains which are incorporated into two

or more crystals (tie'chains). The'tie chains determine’ the' mechanical continuity of

the system and thereby control the elastic modulus:as well as yield:strength.

The higher crystallinity of the PP with coarse spherulitic structure to a larger

volume contraction and thus to formation of voids and micro cracks. Consequently,
the crack path tends to follow the weak spherulite boundaries, resulting in a very low

fracture toughness value.
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In general, it is believed that the spherulitic nucleation takes place at
heterogeneities in the melt such as catalyst residues, dust particle low-molecular
weight fractions, branch points, stereo-irregular molecules, fillers or specific

nucleating agents. The spherulite size is primarily dictated by the volumetric

nucleation rate, which depends on thermal history, nature of the surface and degree of

under cooling. The amount of crystallinity and spherulite size influences the modulus
and strength of PP. Spherulite size and spherulite boundaries significantly influences
the yield and the failure behavior of polymers. These effects are manifested in the

macroscopic nature the fracture path.

The fine spherulite mierosiructure produced by adding nucleating agents gives
rise to greatly enhanced ductility, yield strength, and impact strength. In general,

refinement of the spherulite'size by either homogeneous or heterogeneous nucleation,

or by reducing the erystallization temperature results in improved ductility and

strength. It is clear thatithe darge spherulite exhibits cracks at spherulite boundaries,

whereas systems with smallerspherulite draw -s-moothly.
2.5 Polymer/layered silicate (PLS) nanocomposites

Polymer/layered silicate (PLS) nanocomposites have attracted great interest,
both in industry and in academia, because they often exhibit remarkable improvement
in materials properties when compared with,virgin polymer or conventional micro and
macro-composites.  These improvements can include high moduli, increased strength
and heat resistance, decreased gas, permeability and flammability, and increased

biodegradability of-hiodegradable palymers. [12]
2.5.1 Structure and properties of layered silicates

The commonly used layered silicates for the preparation of PLS
nanocomposites belong to the same general family of 2:1 layered or phyllosilicates.
Their crystal structure consists of layers made up of two tetrahedrally coordinated
silicon atoms fused to an edge-shared octahedral sheet of either aluminum or

magnesium hydroxide. The layer thickness is around 1 nm, and the lateral dimensions
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of these layers may vary from 30 nm to several microns or larger, depending on the
particular layered silicate. Stacking of the layers leads to a regular Van der Waals gap
between the layers called the interlayer or gallery. Isomorphic substitution within the

I** replaced by Mg®* or Fe**, or Mg* replaced by Li*)

layers (for example, A
generates negative charges that are counter balanced by alkali and alkaline earth
cations situated inside the galleries. This type of layered silicate is characterized by a
moderate surface charge known as the cation exchange capacity (CEC), and generally
expressed as mequiv/100 gm. This charge is not locally constant, but varies from
layer to layer, and must be considered as an average value over the whole crystal.
MMT, hectorite, and saponite are the most commonly used layered silicates. Layered
silicates have two types of structure: tetrahedral-substituted and octahedral
substituted. In the case of~tetrahedrally substituied layered silicates the negative
charge is located on the surface of silicate layers, and hence, the polymer matrices can

react interact more readilywith these than with octahedrally-substituted material.

Two particular gharacteristics. of layered silicates are generally considered for
PLS nanocomposites. The first is the ability of the silicate particles to disperse into
individual layers. The second characterist'i(:"is] the ability to fine-tune their surface
chemistry through ion exchange reactions with‘organic and inorganic cations. These
two characteristics are, of course, interrelated éi‘n-ce the degree of dispersion of layered

silicate in a particular polymer matrix depends on the interlayer cation [12].

2.5.2 Structurerand properties of organically madified layered silicate

The tphysical mixturesofal polymer~andlayered| silicate imay not form a
nanocomposite. This situation is analogous to polymer blends, and in most cases
separation into discrete phases takes place. In immiscible systems, which typically
correspond to the more conventionally filled polymers, the poor physical interaction
between the organic and the inorganic components leads to poor mechanical and
thermal properties. In contrast, strong interactions between the polymer and the
layered silicate in PLS nanocomposites lead to the organic and inorganic phases being
dispersed at the nanometer level. As a result, nanocomposites exhibit unique

properties not shared by their micro counterparts or conventionally filled polymers.
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Pristine layered silicates usually contain hydrated Na* or K** ions. Obviously, in this
pristine state, layered silicates are only miscible with hydrophilic polymers, such as
poly(ethylene oxide) (PEO), or poly(vinyl alcohol) (PVA). To render layered silicates
miscible with other polymer matrices, one must convert the normally hydrophilic
silicate surface to an organophilic one, making the intercalation of many engineering
polymers possible. Generally, this can be done by ion-exchange reactions with
cationic surfactants including primary, secondary, tertiary, and quaternary
alkylammonium or alkylphosphonium cations. Alkylammonium or alkylphosphonium
cations in the organosilicates lower the surface energy of the inorganic host and
improve the wetting characteristics of the-polymer matrix, and result in a larger
interlayer spacing. Additionally, the alkylammonium or alkylphosphonium cations
can provide functional groups that can react with the polymer matrix, or in some cases
initiate the polymerization of monomers to improve the strength of the interface
between the inorganic and'the polymer matrix. Traditional structural characterization
to determine the orientation and arrangement of the alkyl chain was performed using
wide angle X-ray diffraction (WAXD). Depending on the packing density,
temperature and alkyl chain length, .the chain:é were thought to lies either parallel to
the silicate layers forming mono. or bi-IayéPS;'qr radiate away from the silicate layers
forming mono or bimolecular arrangements. Ho;wever, these idealized structures have

been shown to be unrealistic by using FTIR ei(-pre-riments [42].
2.5.3 Types of nanocarmposites

Layered silicates have layer thickness on the order ofi1 nm and a very high
aspect ratio (e.g.10-1000). A few weight percent of layered silicates that are properly
dispersed throughent, thecpolymer matrix: thus, create’much~higherssurface area for
polymerf/filler interaction as compared to conventional composites. Depending on the
strength of interfacial interactions between the polymer matrix and layered silicate
(modified or not), three different types of PLS nanocomposites are

thermodynamically achievable (see Figure 2.9) [12]:



21

[‘_ L—h| -l_ OAL Fe, Mg, Li M
@ 1inm e 0l Sl pe, o8
T_ s \ w— Tetrahedral
@ Li, Na. Rh,C . B
ey ) =—Oxclahedral

One Clay Platelet
L: 100 - 200 nm in case of MMT

L3e A
r‘ d\ . -’1;“1-:-;::»“‘1: ““:;";‘I"-aﬂ
e S SWay
\ﬁ:..,.., 5 it

Form factors of dispersed clay The structure of 2:1 layered silicates
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achievable polymer/layered silicate nanocemposites [12].
B i)
a. Intercalated panocoemposites: “n intercalated nanocomposites, the

¥ o
insertion of a polymer matrix-into thgiiayered silicate structure occurs in a

crystallographically regular fef@h, regardless of the clay to polymer ratio.

Intercalated nanocomposites are normally interlayer by a few molecular layers of

polymer. Propertiesﬁé&he_mmposixesiypicau;/_cesembleﬂijﬁse of ceramic materials.
w p

b. Flocculated” nanocomposites: conceptually this is same as intercalated
nanocompositess However;, silicate clayers qare ssome times flocculated due to

hydroxylated edge—edge interaction-of the stlicate layers.

C. Exfoliated nanocomposites:+in an exfoliated nanocamposite, the individual
clay layers are separated in a continuous polymer matrix by an average distances that
depends on clay loading. Usually, the clay content of an exfoliated nanocomposite is

much lower than that of an intercalated nanocomposite.
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2.6 Techniques used for the characterization of nanocomposites

The structure of nanocomposites has typically been established using WAXD
analysis and transmission electron micrographic (TEM) observation. Due to its
easiness and availability WAXD is most commonly used to probe the nanocomposite
structure and occasionally to study the kinetics of the polymer melt intercalation. By
monitoring the position, shape, and intensity of the basal reflections from the
distributed silicate layers, the nanocomposite structure (intercalated or exfoliated)
may be identified. For example, in an exfoliaied nanocomposite, the extensive layer
separation associated with the delamination_ef the original silicate layers in the
polymer matrix results in the eventual disappearance of any coherent X-ray
diffraction from the distributed silicate layers. On the other hand, for intercalated
nanocomposites, the finite*layer expansion associated with the polymer intercalation
results in the appearance of anew basal reflection corresponding to the larger gallery
height. Although WAXD soffers a convenient method to determine the interlayer
spacing of the silicate layers in the-original layered silicates and in the intercalated
nanocomposites (within 1=4 am), little can be said.about the spatial distribution of the
silicate layers or any structural non-homoéehej_ties in nanocomposites. Additionally,
some layered silicates initially de not exhibit‘well-defined basal reflections. Thus,
peak broadening and,intensity decreases are- i/éry difficult to study systematically.
Therefore, conclusi@ns concerning the mechanism of nanocomposites formation and
their structure based solely on WAXD patterns are only tentative. On the other hand,
TEM allows a qualitative understanding of, the internal structure, spatial distribution
of the various!phases, and views of the defect structure through direct visualization.
However, special care must be exercised to guarantee a representative cross-section of
the samiple: Both TEMiand WAXD arnelessential toels) for jevaluating jnanocomposite
structure; However, TEM is time-intensive, and only gives qualitative information on
the sample as a whole, while low-angle peaks in WAXD allow quantification of
changes in layer spacing. Typically, when layer spacing exceed 67 nm in intercalated
nanocomposites or when the layers become relatively disordered in exfoliated
nanocomposites, associated WAXD features weaken to the point of not being useful.
However, recent simultaneous small angle X-ray scattering (SAXS) and WAXD
studies yielded quantitative characterization of nanostructure and crystallite structure

in N6 based nanocomposites [12].
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2.7 Composites preparation (Melt compounding)

PP composites can be prepared by using a melt compounding process through
a twin screw extruder. Because PP is a low polarity polymer, it is extremely
challenging to make a well-dispersed PP composite. Numerous parameters can
influence nanocomposite formation in a melt compounding process [13, 14] as

follows:
a. Effect of base resin

The characteristic properties of a hase resin (mainly molecular weight and
molecular weight distributien) play an important rele in making PP nanocomposites.
At a low melt flow range«(high molecular weight), good improvement in mechanical
properties is achieved. However, for a high melt flow PP, the improvement in
mechanical properties‘is relatively small. The enhanced properties for the low melt
flow PP are attributed to'the'corresponding higher melt viscosity with increased shear
deformation of the ingredients during the_f extrusion process which enhance clay

dispersion.

b. Effect of claysurface treatment

The most common method to modify clay surface is by ion-exchange reaction
using alkylammonium. ~The molecular chain length of alkylammonium has a
pronounced effect; an clay surface polarity, ‘and. therefore “affects the interaction
between the polymer matrix and modified clay.

c. Effect of compounding conditions
Melt extrusion processing conditions are one of the most important factors to
disperse layered silicate such as screw design, screw speed and processing

temperature.

d. Effect of compatibilizer
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The effect of reinforcement by layered silicate in PP is determined by at least
two important factors: clay dispersion (intercalation or exfoliation) and interaction
between the clay and polymer. When the clay surface is covered by a sufficient
amount of organic surfactant, (such as alkylammonium) modified clay (organoclay)
can be well dispersed in the PP matrix by using appropriate compounding techniques.
However, in many case, the mechanical properties remain quite poor due to
inadequate stress transfer from the polymer matrix under applied stress to load-
bearing clay reinforcement. The case for this weakness is attributed to poor
compatibility in the interphase region that exisis between nonpolar PP molecules and
polar clay layers. To overcome this problem,.ihe most effective approach is to an
adding bi-functional compatibilizer to the nanocomposite formulation to enhance

adhesion at the polymer-clayinterface.
2.8 Literature review

Reichert and coworkers [15] modified inorganie clay using protonated C4 to
C18 alkylamine. PP nanogomposites were then compounded using different
organoclay with (or without) maleic anhydrr’i;d’é, modified polypropylene (PP-g-MA) as
compatibilizer. In the absence of compatibilizer, Young’s modulus of the PP
composites was very'similar to that of neat'res;i‘n; However, with the addition of PP-g-
MA, there was significant improvement in Young’s modulus when the chain length of
alkyl groups in alkylamine were 12 carbon atoms or higher. This influence of alkyl
chain length on mechanical properties ,was attributed to the changes of
superstructuresa In; the-absence of. compatibilizer;. the 'intéraction between polymer
matrix and organoclay was limited. No matter what alkyl chain length is in the
organoclay; @ macrocomposite-farmed;that behaved asacanventionally filler. On the
other hand, when"the "alkyl chain” length ‘was 12 and higher, partially exfoliated
nanocomposites were formed in the presence of a compatibilizer. The exfoliated
structure was detected by a broadened peak from wide-angle X-ray scattering
(WAXS) and TEM. As a result, the mechanical properties of these nanocomposites are

greatly improved.

Wu and coworkers [16] studied the effect of compatibilizer (PP-g-MA) on

making PP nanocomposite through a melt compounding process. They concluded that



25

there were at least two important factors that helped the exfoliation and homogeneous
dispersion of the clay layers: (1) the intercalation capability of the compatibilizers in
the clay layers; and (2) the composition of the compatibilizer in the PP/clay
composites. Almost complete hybrids were obtained in the case where the PP-g-MA
has the intercalation capability with a PP-g-MA/clay weight ratio over 3 to 1.
Rheological characterization by complex viscosity also demonstrated that PP-g-MA
of low molecular weight and high MA content led to better interaction with clay.
However, the addition of lower molecular weight PP-g-MA or high loading of PP-g-
MA had a negative effect on mechanical and thermal properties of the PP/PP-g-
MA/clay composites.

Usaki and coworkers 17| studied the dispersibility of organoclay and
structure of PP compositesprepared from melt extrusion process of maleic anhydride
modified PP (PP-MA) and organocltay. They demonstrated the hierarchical structure
of the intercalated PP-.composites viewed on scale from the structure of confined PP-
MA chains in the spacg of silicate galleries (intercalating sites) of 2-3 nm width to
crystalline lamellae of 7-15 am thickness. Wﬁh Increasing clay content, the PP-MA
chains were intercalated in the spage of the 'i'n}ercalating sites accompanied with the
stacking of the individual silicate fayers. In ot'he;r words, the increment of intercalating
sites leads to the limitation of the exfoliatidn'f(jrvvard the individual silicate layers and
obtained agglomeration of organoclay layers which effectto reduce its aspect ratio. To
enhance the moduli, both the degree of intercalation of the PP-MA chains and the
aspect ratio of the dispersion clay particles, strongly affected the final mechanical
properties of ‘the PP composites.- Table 2.2 and- Figure 1210 show characteristic
parameters of organophilic clay, PP-MA and PPCNs.



Table 2.2 Characteristic parameters of organophilic clay, PP-MA and PPCNs [17].
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Organophilic
Property clay PP-MA PPCN2 PPCN4 PPCN7.5
Clay content (vol%) 30-100° 0 0.75 1.54 2.95
Tm (°C) 138.6 139.5 143.2 143.9
2 (%) 437 404 472 48.7
TEM
dcﬁyb (nm) 5.2+04 79+0.6 10.2+1.8
Leiay” (NM) 193.3£25.0 158.9+ 24.8 127.3+214
(Lotay/diay) 37.2 20.1 12.5
Egiay” (NM) 61.7 +20.0 49.5+ 10.8 34.6+12.4
SAXS
d tamettar (NM) 7.24 7.36
L tamettar (NM) 15 15
D (d tamettar/ L 1amettar) (%) 48.3 49
Q saxs 4.85 5.35
WAXD
d oy (M) 3.03 2.89
1" (%) 6.7 105
a Melt temperature rang of stearyl onium i ; ted | aller
b Average thickness of th_e dispersed cl jar ) 4 _
¢ Average length of the dispersed cl rtigles %

d Correlation length of the disper: lay.
e Relative percentage content of gamm.

rti
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Figure 2.10 Illustration for dispersed clay structure and the inter-fibrillar structure for:

a) PPCN2 and b) PPCN7.5 [17].
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Turner and coworkers [5] were the first group to report the formation of
polymers highly rich in beta-modification. They crystallized a particular (unspecified)
iPP sample in the range of 393-403 K into a nearly pure beta- iPP. They introduced a

k; value for characterizing the proportion of 3-modification by X-ray diffractometric

data, as shown in Equation 2.1:

H
k , = (2.1)
Hy + (H, + H, + H, )

al a?

where H_,, H,_, and H_, are the intensities of alpha-diffraction peaks corresponding

to angle 6, = 7.1°, 8.5% and-9.4°, respectively, and H ,, is the intensity of beta-

S

diffraction peaks corresponding to angle ¢, = 8.1°, The k , value is a relative measure

for characterizing the palymerphic ‘composition but it does not express the absolute
value of beta-content numerically, although its value is O for alpha-iPP and 1 for beta-

iPP, as is apparent.

Tantayanon and coworkers {6] studié-d,,’t_he effect of beta-nucleating agent on
the mechanical properties of .iPP/EPR bléhq. They found that the addition of a
combination of calcium stearate and pimelic éc}d (Ca-Pim) exhibited an improvement
in the notched lzod-umpact strength over that of the unfilled iPP/EPR blend. Further
investigation revealed that iPP/EPR blend loaded with 0.001 wt% Ca-Pim showed the
highest improvement in the-notched Izod impact strength (an increase of ca. 3.5-fold
over that of theunfilled-sample) at the expense of both the tensile strength at yield and
flexural modults. All of the wide-angle X-ray diffraction, differential scanning
calorimetry, andscenning eléctron microscapy resulis peinted to, the presence of the

beta-crystals (with the k, value being 0.75) being responsible for the great

improvement in the notched Izod impact strength of the iPP/EPR blend filled with
0.001 wt% Ca-Pim. However, the flexural modulus of the iPP/EPR blend will

decrease respectively when the k, value is higher than about 0.5 as shown in Table

2.3.
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Table 2.3 Mechanical properties and the k, value of iPP/EPR blend filled with bi-

component nucleating agent of calcium stearate and pimelic acid (Ca-Pim) at various
filler loadings [6].

Percentage s-[fenrfilti Percentage of Flexural Notched Izod
by weight of at yigld elongation at Modulus impact strength kﬁ value

Ca-Pim (MPa) yield (MPa) (MPa) (I/m)
none 25.5+0.2 9.1+0.1 1080x6 175.4+£2.5 0.21
0.1 26.4+£0.1 7.7x0.1 12207 196.1+4.1 0.26
0.05 23.0£0.1 9.0£0.1 1476+ 7 320.5+5.9 0.40
0.025 21.4+0.1 9.310.1 99416 557.9+3.6 0.54
0.01 21.1+£0.2 O 7+0.4 97319 582.7+4.7 0.68
0.001 21.3+0.2 10¢0£0.1 89718 627.3+3.7 0.75

Li and coworkers [18]/ studies the correlation between beta-crystals content
on the mechanical properties of polypropylene, found that acylamino-nucleating agent
is very efficient to induCing'the crystallization of IPP into the beta-modification with a

k, value as 0.87 when the content of nucleating agent is 0.3%. The nucleating agent

can affect the crystalline morphefogy of iPPiéé"%’Nell as the mechanical properties. The
mechanical properties of iPP were changed With'the increase of nucleating agent. The
impact strength and -elongation.at break of 1PP_were significantly increased with
increasing the beta-crystals. However, the tensile strength of iPP was decreased with

increasing the beta-crystals.

Varga et 'al"[10} reported that ‘calcium salts'of ‘pimeli¢ and suburic acids are
highly active, thermally stable beta-nucleating agents. Isotactic®homopolymers and
randomand" block; copolymers of.palypropylene: crysyallize almost purely in beta

modification, even at a low concentration. Ca-Sub proved the most effective beta-

nucleating agent found iPP crystallize in pure beta-form up to a temperature of ~ 140
°C. These additives caused significant changes in crystallization, melting
characteristics, and structure of the polymers. The degree of crystallinity of the beta-
nucleated samples was markedly higher than that of the alpha-modification.similar
features were found the melting behavior of alpha-and beta-iPP crystallized

isothermally in a wide temperature range.
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Todjeman et al. [19] studied the effect of the alpha and beta crystalline
structure of polypropylene on its mechanical properties. Young modulus and yield
stress reduce slowly with an increase in beta phase content and the fracture toughness
of PP increases greatly with its beta phase content. They reported that the occurrence
of tangential lamellae in the alpha phase makes the spherulites more rigid and causes
increase in Young modulus and yield stress with the alpha phase content and these
tangential lamellae restrict the elongation at break of the spherulites and make the PP
more brittle.

AULINENINYINS
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CHAPTER Il

EXPERIMENTAL

3.1 Materials

. Matrix polymer: isotactic polypropylene (Homopolymer: 1100NK) supplied by

IRPC Co., Ltd., Rayong, Thailand, MFI 230 °C at 2.16 kg loading = 12 g/10 min
and density of 0.905 g/cm®

. Organoclay: a natural montmarillonite clay surface modified with distearyldimethyl

ammonium chloride (OMMT: Nanofil® SE 3000) supplied by Sud Chemie.

. Compatibilizer: PP-g-MA; PB 3200 (Mw = 120,000, MA content of 1.0 wt% and

MFI 190 °C at 2.16 kgdoading = 115 ¢/10 min. supplied by Chemtura.

. Beta-nucleating agent; aryl‘amides compounds from Xiang Yang Co., Ltd., China.

3.2 Instruments

The major instruments used in this research are as follows:

© © N o g &~ DN

LTE 26-40 systeniwin-screw-co-rotating-exiruder(L-AB TECH Engineering Co.,
Ltd., Thailand).

LZ-120/VS Pelletizing unit (LAB TECH Engineering Co., Ltd., Thailand).

I1S100G 100M T Toshibasinjectienimoldingmachine;Japan:

Instron 4465 universal testing machine, Instron Co., USA.

Pendulum impact tester, ZWICK Co., Germany.

DSC1, Mettler Taledo, DifferentialiScanning Calorimeter (DSC), Switzerland.
Cone and Plate Rheometer (Physica MCR 301, Anton Paar Co., Austria).

RH-7 Rosand Single Bore Capillary Rheometer, United Kingdom.
Fourier-transform infrared spectrophotometer (FTIR), Vertex 70, Bruker,

Germany.

10. Microscope with polarized, Nikon and heating cell, Linkam TH 600.
11. JSM-5800LV JEOL Scanning Electron Microscope (SEM), Japan.
12. Ultramicrotome, RMC MTX Ultramicrotome with cryo mode, USA
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13. JEOL-2010F Transmission electron microscopy (TEM), Japan.

14. XRD (TTRAX Ill, Rigaku Corp., Japan) using Ni-filtered Cu Ko radiation,
having a wavelength of 0.154 nm.

15. HDT, Vicat tester (YASUDA 148, Yasuda Co., Japan)

16. Density meter (AT201, Mettler Toledo Co., Switzerland)

3.3 Experimentals

3.3.1 The effects of the compatibilizers on physical properties of
PP/organomontmorillonite (OMMT: organgeiay) composites.

Firstly, a masterbaieh of PP/PP-g-MA/OMMT at a weight ratio of 40/30/30
was prepared in a twin sciew go-rotating extruder before letting it down with bulk PP
in a twin screw co-rotating extruder. Before melt processing, all the components were
dried at 80 °C for 10+h. The formulatioﬁé of these melt compounding are shown in
Table 3.1.

Table 3.1 The formulations of PP/PP-g—MA'/__'él\_{I__MT melt compounding.

Recipe | PP/PP-g-MA/OMMT . Weight fraction (wt%)
No. o PP PP-g-MA OMMT
1 100/0/0-(Neat PP) 100 0 0
2 95/0/5 95 0 5
3 00/5/5 90 5 5
4 88/7/5 88 7 5
5 85/10/5 85 10 5
6 80/15/5 80 15 5
7 7512015 75 20 5

*All recipes used masterbatch for compounding
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Each formulation was melt-mixed in a twin screw co-rotating extruder by
screw configurations as shown in Table 3.2 at 160/160/160/160/160/160/160/160/-
185/195 °C (from the hopper to the nozzle), a feed rate 45 rpm, a screw speed 250
rpm and then they were pelletized with a granulator (LZ-120/VS Pelletizing unit).
These pellet samples were dried at 90 °C for 10 hours and then molded to form
dumbbell shape specimens and impact specimens for mechanical testing by an
injection molding machine at 210/230/230/230 °C (from the hopper to the nozzle).

3.3.2 The effects of the screw configuration on physical properties of

PP/compatibilizer/OMMT (organociay) composites.

The selected formulations which gave the higher physical properties obtained
from Section 3.3.1 weré prepared In a twin screw co-rotating extruder at
160/160/160/160/160/160/160/160/185/195 °C (from the hopper to the nozzle), a feed
rate 45 rpm, a screw speed250 rpm with twa different serew configurations as shown
in Tables 3.2 and 3.3 then they were pelletized with a granulator. These pelletized
samples were prepared tosform mechanical _teéting samples using the same procedure
as Section 3.3.1. —

Extruder Data Configuration

Diameter of screw: 26mm L:D=40:1

Mode of operation: Screw co-rotating

Screw operation speed: 0-800 rpm

Screw configuration: Refer to the enclosed drawing of screw/barrel
Motor power: 11.0 KW

Heaterpawer: 500 Wper, cartridge

Maximum barrel temperature: 400 °C

Minimum water pressure: 2 bars

Water flow rate: 20 liters per minute at 2 bars
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Table 3.2 The screw configuration for normal polyolefin of the twin screw co-rotation

extruder.
Labtech twin screw 2x26 L = 40D
Screw configurations : Configuration for normal polyolefin
Screw parts Offset angle Length (D) Sum of D

TSCS 13x1D 13 13
IKD 1x0.25 D 0 0.25 13.25

IKD 12x0.25 D 30 3 16.25
TSCS 4x 1D 4 20.25
IKD 1x 0.25D 0 0.25 20.5
IKD 4x 0.25D 60 1 21.5
TSCS 2x 1D 2 23.5
IKD 1x 0.25D 0 | 0.25 23.75
IKD 7x 0.25D 60— =" 175 255
TSCS 3x 1D — ‘% g 28.5
IKD 1x 0.25D Q v 0.25 28.75
IKD 5x 0.25D 60 \1%5 30
IKD 4x 0.25D 90 = V1 31
TSCS 7x 1D Z o 7 38
TSCS 1x 0.5D -} S 38.5
SSMS 1x1.5D 15 40

Vent: To atmosphere, at 26D
: To vacuum'at'34D

D = diameter
Coding for screw parts:

TSCS7 X 1D Length of part

LNumber of parts
Part type (see below)
TSCS = Twin —start conveying screw
TSCS (R) = Twin —start conveying screw reverse angle
IKD = Individual kneading disc.
IKD (R) = Individual kneading disc, reverse offset angle.

SSMS = Single-start metering screw
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Table 3.3 The Screw configuration (Invention | configuration) of Twin Screw Co-
rotation Extruder.

Labtech twin screw 2x26 L =40D
Screw configurations : invention 1 configuration
Screw parts Offset angle Length (D) Sum of D
TSCS 13x1D - 13 13
IKD 1x 0.25 D 0 0.25 13.25
IKD 12x 0.25 D 60 2.5 15.75
TSCS (R) 1x 0.5 D - 0.5 16.25
TSCS 4x 1D - 4 20.25
IKD 1x 0.25D 0 ) 0.25 20.5
IKD 4x 0.25D 60 4 215
TSCS 2x 1D . 2 235
IKD 1x 0.25D Q ' 0.25 23.75
IKD 5x 0.25D 60 K 1.25 25.0
IKD 8x 0.25D 90 = 2 27
TSCS (R)1x 0.5D - ) 0.5 275
TSCS 1x 1D oW Y R 285
IKD 1x 0.25D 0 TR 28.75
IKD 5x 0.25D 60 " 4 1.25 30
IKD 4x 0.25D 90 i | 31
TSCS 7x 1D R 38
TSCS1x 05D | | = 0.5 [ 38.5
SSMS1x15D - 15 40
Vent : To atmosphere at 26D
: To vacuum at 34D

D = diameter

Coding for screw parts:
TSCS 7 X 4D A1 - Length ofpart
Number of parts

Part type (see below)

TSCS = Twin-start conveying screw

TSCS (R) = Twin-start conveying screw reverse angle
IKD = Individual kneading disc.

IKD (R) = Individual kneading disc, reverse offset angle.

SSMS = Single-start metering screw
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3.3.3 The effect of beta-nucleating agent on physical properties of

PP/organomontmorillonite (OMMT: organoclay) composites

The PP homopolymer, compatibilizer (PP-g-MA) and organoclay (OMMT)
added with and without the beta-nucleating agent (aryl amide compound) were added
as shown in Table 3.4, a masterbatch of PP/aryl amide nucleator at a weight ratio of
95/5 was prepared in a twin screw co-rotating extruder before letting it down with
bulk PP. The masterbatch of PP/PP-g-MA/organoclay was processed in a twin screw
co-rotating extruder at 160/160/160/160/160/160/160/160/185/195 °C (from the
hopper to the nozzle), a feed rate 45 rpm, a'screw Speed 250 rpm with the invention 1
screw configurations (Table 3.3), then pelletized with a granulator (LZ-120/VS
Pelletizing unit). These pelletized samples were prepared to produce mechanical

testing samples using the same‘procedure as Section 3.3.1.

Table 3.4 The formulation fof PP/PP?Q-MA/OMMT/beta—nucIeating agent melt

compounding.

f .- - - 0
cecing PP/PPg- R Weight fraction (wt %)
o] MAJOMMT/Betas Aryl
" | nucleating agent (wt%)— PP { PP-g-MA | OMMT amide
- Y- nucleator
1 100/0/0/@-{Neat-PR) 100 0 . 0 0
2 99.9/0/0/0.1 99.9 0 0 0.1
3 99.7/0/0/0:3 99.7 0 0 0.3
4 90/5/5/0 90 5 5 0
5 89.95/5/5/0,05 89.95 5 5 0.05
6 89.9/5/5/0.1 89.9 5 5 0.1
7 89.7/5/5/0.3 89.7 5 5 0.3
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3.3.4 Morphology characterization
3.3.4.1 X-ray diffraction (XRD)

XRD analysis was conducted with the XRD (TTRAX Ill, Rigaku Corp., Japan) using
Ni-filtered Cu Ka radiation, having a wavelength of 0.154 nm operated at 50 kV and
300 mA. The diffraction spectra were recorded over a 26 range of 1-30° in steps of
0.02°/s. The organoclay and composite samples were compressed with a compression
hot-press plate (LAB TECH Engineering Co., Ltd., Thailand) at 170 °C for 5 min to
produce 2 mm thick sheets with smooth and_ilat surfaces. The measurements were
carried out at room temperature.. The basal spacing of the organoclay galleries and

crystalline form was calculated irom the XRD patterns.
3.3.4.2. Transmission eleetron micrescopy (TEM)

TEM observations were carried out to examine the dispersion morphology of
organoclay in the composites: Ultrathin sect_io"hs (60-80 nm) for transmission electron
microscopy (TEM-2010F, JFOL Corp., jébap) analysis were microtomed (RMC
MTX Ultramicrotome with crye mode,r'Reéearch Manufacturing Co., Arizona,
U.S.A.) from the central and skin regions of-a-tensile bar at -90 °C. The cuts were
made perpendicular'to the flow direction of the Injectiori molded specimens from the
middle of tensile bar and halfway between the top and bottom surfaces. The thin
slices were placed on 300 mesh copper grids and then analyzed by TEM with LaB6
filament operating at 80 kV.

3.3.4.3'Scanning electronic micrascapy (SEM)

For SEM measurement, the tensile bar specimens were fractured in the
direction perpendicular to injection flow direction in liquid nitrogen, and then gold-
coated and observed under an acceleration voltage of 15 kV with an SEM (JSM-5900
LV, JEOL Corp., Japan). Besides, the same fractured specimens were etched
according to Olley and Basset method [20] and then gold-coated and analyzed.
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3.3.5 Rheological properties
3.3.5.1 Small amplitude oscillatory shear analysis (Cone and Plate Rheometer)

The viscoelastic characteristics of the polymers in the melt-state were
measured with a rotational rheometer operating in the oscillatory mode. The principle
for the estimation of the storage (G’) and loss modulus (G’’) from such a rheometer
are similar to that of DMTA. From these analyses, the flow behavior of the polymers
according to its complex viscosity and ‘shear thinning behavior were compared.
Frequency sweeps were carried out to compare the shear rate dependence of the
complex viscosities. Using the Cox-Merz conversion, complex viscosity versus
frequency is similar to shear'Viscosity versus shear rate data collected by a capillary
rheometer or continuous_flow.measurements. The G’ and G” also give an indication
of the elastic and flow recovery behavior of the material [21]. For these analyses, the
melt rheological behavior of PP nanocomposites was determined using an Anton Paar
instrument MCR 301 sfhegmeter. The ‘measurements carried out under nitrogen
atmosphere at 220 °C using parallel plate g'e(")'-metry were in a linear range therefore
the results were independent on the used éf{éiq_amplitude, which was within 6-10%.
The disk specimens for the measurements were ;cut from the plate pressed from the PP
nanocomposites pellet at 170 °C in the corhpfégéion molded become a sheet of 2 mm
in thickness. By prehéating the mold for 6 minutes, it was compressed at the 1% step at
50kN for 1 minute, then the 2" step at 100 kN hold for 1 minute and finally the 3" at
175 kN hold for 2 minutes, The sheet was de-molded by cooling water (<40 °C), cut
into a disc withna diameter of 25 mm."In these measurenents; storage modulus (G’),
loss modulus (G”) and complex viscosity (n*) were obtained as a function of
frequency {®) ‘or ecdmplex modulus | (G=*).The viscosity functiofi (n#)| versus (G*) at
low shear viscosity (nskpa) and shear thinning index were calculated. The dynamic
responses of PP nanocomposites samples were tested for 3 times. The experiments
were carried out at 220 °C with a frequency range of 0.01 to 100 Hz at a strain level of

5% and 1.75 mm gap.
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3.3.5.2 Capillary Rheometer

An RH7 Rosand single bore capillary rheometer was used to characterize
shear flow properties in terms of shear stress and shear viscosity. The tests were
carried out at a wide range of shear rate (20 to 1000 s™) at a test temperature of 220
°C. Dimensions of the capillary die used were 1 mm diameter, 16 mm length and 180°
entry angle with an aspect ratio (L/D) of 16:1. The material was first preheated in a
barrel for 5 minutes under a pressure of approximately 0.5 MPa to get a compact
mass. The excess material was then automatically purged until no bubbles were
observed. The test was then earried out at a-seishear rate and temperature of 220 °C
in a program via a microprocessor. During the test, the pressure drop across the
capillary channel and meli-temperature was captured via a data acquisition system.
The apparent shear stressy shear rate and shear viscosity were calculated using the
derivation of the Poiseulille'law for'capillary flow [22]:

Apparent wall shear stress (Pa); 7 = % (3.2)
T W 40

Apparent wall shearrate (s7); Yapp = ey (3.2)

Apparent shear viscosity (Pas); ns = T d (3.3)
Japp

where AP is a pressure drop.actoss the chanhel (Pa), Q is valumetric flow rate (m®s™),
R is the capillary radius (m), and L is the length of the capillary (m). The values of R
and L used in this workwered.mm and 16 mm, respectively.

3.3.5.3 Melt flow Index

One of the properties most quoted for both natural polymers and compound is
Melt Flow Index (MFI). Melt flow index is the output rate (flow) in grams that occurs
in 10 minutes through a standard die of 2.0955 + 0.00051 mm diameter and 8 + 0.025

mm in length when a fixed pressure is applied to the melt via a piston and a load of
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total 21.6 kg at a temperature of 230 °C . Some are different weights and some even
different orifice sizes. Melt flow index is an assessment of average molecular mass
and is an inverse measure of the melt viscosity; In other words, the higher an MFI, the
more polymer flows under test conditions. Knowing the MFI of compound is vital to
anticipating and controlling its processing. Generally, higher MFI compounds are
easy for extrusion processes but low molecular weights also affect physical properties
of PP nanocomposites.

For this study, melt flow mé‘ilps’ }:4‘) composites were measured by using

MPX 62.92 Gottfert (DIN ISQ],133) Th ith its rod carries two circular
reference markings at a W 30 fim frmther

i) 7

« =, Figure 3.1 Melt,flow Indexer
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3.3.6 Thermal analysis ¢

Qs
%Sﬁneasuremen@were made onclﬂl:e]rl:lg-liy:lneﬁ,][‘)gc@ ag Mettle Toledo

thermal systems under nitrogen atmosphere with 10 °C/min heating and cooling rate.
Calibration was performed using pure indium at the same heating rate. Each sample
weighed about 10-15 mg. The samples were heated from 30 to 200 °C, melted at 200
°C for 5 min, and then cooled to 30 °C, followed by reheating to 200 °C for the

second heating run. The crystallization and melting parameters were recorded from
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the cooling and reheating scans. The percentage of beta-phase, d, can be obtained

from the crystallinities of the alpha-phase and beta-phase according to Ref. [23]

D, = _Xs g (3.4)
X+ X,

X, = SHiag (3.5)
AH,

where X and X , are the crystallinities of the.alpha and beta-phases, respectively,

which can be calculated separately agcordingto Eq. (3.5), where A . is the

calibrated specific fusion heat of-€ither the alpha-form or the beta-form, A H Ie is the

standard fusion heat of the alpha and the beta-crystals of iPP, being 178 J/g and 170
J/g, respectively [23, 24].

3.3.7 Fourier transforms infrared spectroscopy (FTIR) analysis

FTIR is used to investigate the “;:ir-ite__raction between PP, PP-g-MA, the
organoclay, and the beta-nucleator. The P,P’pc;mposite was compression molded at
170 °C to obtain 50 pm film samples. FTih scans. were performed at ambient
temperature in a rangé of 400-4000 cm™ on Bruker FTIR spectrometer (Vertex 70,
Bruker Optics Co., U.S.A))

3.3.8 Mechaniécal properties
3.3.8. 1 1zodimpact strengthetesting

The specimens of 64 mm x 127 mm x 3.2 mm dimension for the
measurement of Izod impact strength were prepared by following ASTM D4101.
They were tested according to the standard method of ASTM D256. A pendulum
swung on its track and struck a notched, cantilevered the plastic sample. The energy
lost (required to break the sample) as the pendulum continued on its path was
measured from the distance of its flow through.
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The flexural streng easures the e required to bend a beam under 3-

point loading conditions. Test - m x 12.7 mm x 128 mm dimension
=

for the measurement \of trength we oIIowmg ASTM D4101.
They were tested ac ;rﬁﬁ:z ++++ ASTM D790. The specimen
applied a@e center. The load at yield
measured at 1% deformatlgﬂ per strain OfU outer surface is flexural strength The

o e BTG ARG e e

convex surface !

QW']éNﬂ‘im UANAINYA Y

was placed on two suB)orts and &

Figure 3.3 Flexural modulus and flexural strength testing.
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3.3.8.3 Tensile property measurement

The dumbbell specimens for the tensile property measurement were prepared
according to ASTM D4101. They were tested in accordance with ASTM D638. The
sample was pulled, by the tensile testing machine, from both ends. The force required
to pull the specimen apart, and how much the sample was stretched before its

breaking, was measured.

Force Measurement

Grips for
Holding
Specimen

Test Specimen

_Aonstant Ram;lquﬁun

Figure 3.4 Tensile testing apparatus and test’épecimen.
3.3.8.4 Heat deflection temperature
For the heat deflection temperature (HDT);, the specimens;were also prepared
(ASTM»DA4101) and tested by HDT, Vicat tester (YASUDA 148, Yasuda Co., Japan)
according to ASTM D648 (1SO 75).
3.3.9 Density
The specimens of 12.7 x 12.7 x 3.2 mm were prepared by following ASTM

D4101 and tested by Mettler Toledo AT201 SemiMicro Balance (Mettler Toledo Co.,
Switzerland) according to ASTM D792 method B (ISO 1183).



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Preliminary study of the effects of compatibilizers on the performance of
PP/compatibilizer (PB3200: PP-g-MA)/organomontmorillonite (OMMT:
Organoclay: Nanofil®SE3000) composites.

PP composites of PR, OMMT (Nanoft® .SE3000, 5 wt%) and PP-g-MA were
prepared in the twin screw.ee=rotating extruder based on the condition set in Section
3.3.1 in order to seek fora suitaple loading of the compatibilizer in the PP/OMMT
composites. The mechanical properties of PP/PP-g-MA/OMMT composites were also
examined. Table 4.1 pgesents the mechanical properties of PP/PP-g-MA/OMMT
composites filled and unfilled with varioUs amounts of PP-g-MA in the range from 5
to 20 wt%. The PP-g-MA of about 5 wi% gave the maximum flexural modulus and
strength of about 28% higher than the neat.EF_’_,r while the 1zod impact strength was not
significantly different. However, the tendency of improvement of the flexural
modulus decreased with increasing compaﬁbilizer greater than 7 wt%. Decreases of
the MFI found in the PP composites can be associated o the good nanodispersion of
organoclay. The formation of clay network is the reason for the change of MFI as the
increase of compatibilizer content. It can be conceived that the orientation and flow of
PP chains would be retarded if the PP ¢hains were confined in a narrow space
between the clay particles, resulting in/a deerease of melt fluidity. However, when the
compatibilizer contents higher than.,15 wt% were_added in the composites, the MFI
increased due to theseffects of low molecular weight-and chain- scission of the
compatibilizer. The role of a percolated filler network is dominant in determining the
macroscopic properties, resulting in low melt fluidity, retarded crystallization
capability, and an enhanced thermal stability and modulus. Therefore, the tendency of
heat deflection temperature (HDT) of the composites was higher than the neat PP by
about 18-26%. In summary, the competition between the scission of macromolecular
chains and the establishment of a filler network of percolated clay that activates and
retards the motion of iPP chains, respectively, is responsible for the existence of a
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turning point in the development of macroscopic properties in iIPP/OMMT
composites. [25]

Table 4.1 The mechanical properties of controls and PP/PP-g-MA/OMMT (Nanofil®
SE3000) composites with various amounts of PP-g-MA compatibilizer processed in a

normal polyolefin screw configuration.

Formulation MFI *Flexural Modulus | *I1zod impact strength | **Heat deflection

(9/10 min) (MPa) (I/m) temperature (°C)
100/0/0 13.2 1446%19.7 31.3+1.0 100.1+1.5
90/5/5 9.3 1842+7°0 33.4+1.4 125.6+2.5
88/7/5 11.1 18484244 30%0.9 125.4+0.4
85/10/5 115 1680%18.0. % 32.6+0.2 126.3+2.7
80/15/5 15.1 1606+17.19, 30.9+0.5 118.6+2.2
75/20/5 194 1553+71.8 4 29.1+0.8 117.9+£3.2

* The test results are an average.'of 5 specimens, ** The test results are an average of 3

specimens.

4.2 Preliminary studies of the effects of screw. configuration on physical
properties of PP/PP-g-MAIOMMT compasites.

The mechanical properties of PP/PP-g-MA/OMMT compposites at the ratio of
90/5/5/0, 'prepared by a | twin" screw co-rotating ' extruder -y -different screw
configurations (see Section 3.3.1) at the same temperature profile were determined.
The results are presented in Figure 4.1. 1zod impact strength of the composites was
significantly improved when changing the screw configuration to give a higher shear
and generate the better mixing. Under the Invention 1 screw configuration, the

composites obtained a better impact-stiffness balance.
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Figure 4.1 Effects of ‘Screw configuratioh__qn the physical properties of PP/PP-g-
MA/OMMT composites (90/5/5)..(+Screw profile with four kneading blocks without a reverse
element (see detail in Table 3.2), **Screw profile v@ﬁ-ﬁur kneading blocks with 2 reverse elements
(see detail in Table 3.3)). ¥

According to the results in Sections 4.1, and 4.2, it can be concluded that at
least 2 important factors, the compatibilizer and the“screw configuration, affect
physical properties of .the composites, An_this system,, the suitable formulation that
should be further sttdied is“the weight ratio of the-PP/PP-g-MA/OMMT composites
at about 90/5/5 and melt compounding with the inwention 1 screwiconfiguration.

4.3 The effects of compatibilizer on the performance of PP/compatibilizer (PP-g-
MA)/OMMT (Nanofil®SE3000) composites. (Invention | screw configuration)

4.3.1 Morphology characterization

Maleic anhydride-modified PP is commonly used as a compatiblizer [16, 25-
29] to promote miscibility between the organic PP resin and the inorganic layered
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silicate through enhancing polarity of the PP resin and decreasing interfacial tension
of the PP/layered silicate. In our composites prepared via a melt compounding, the
components of basal polymer are quite different when the PP-g-MA loading increased
from 0 to 20 wt%. The different compatiblizer contents will result in drastic
differences in dispersion of organoclay among all composites, which have been
identified through comparing the d-spacing of organoclay tactoids measured via
XRD, as shown in Figure 4.2 and the dispersion degree of organoclay observed via
TEM, in Figures 4.3-4.6. Figure 4.2 presents a series of X-ray diffraction spectra of
the original organoclay and PP/PP-g-MA/OMMT composites, in which the content of
PP-g-MA varies from 0 to 20 wi%. We recalled that the organoclay content is
constant at 5 wt%. The interlayer spacing of pristine organoclay is 3.65 nm (26 =
2.42) before compounding«For the uncompatibilized system (95/0/5/0), the XRD
pattern exhibits little change in interlayer spacing (3.68 nm, 20 = 2.40) after the
extrusion compounding. At implies that ‘the Intercalation of PP chains into the
intergalleries of organoclay cannot occur at.all without adding the compatibilizer. In
the other words, mixing cagnot take place without the compatibilizer. Moreover, the
corresponding TEM images ~ (Figure 4.3) show that the poor dispersion
(agglomeration) of organoclay is in the corﬁpbsiftes and some larger organoclay blocks
are surrounded by the small tacioids and individual layers are visible. Nevertheless,
X-ray diffraction peaks for the compatibiliied- édmposite systems are shifted to lower
angles, indicating an increase In the interlayer spacing by the intercalation of polymer.
The results of interlayer spacing are summarized in Table 4.2. The interlayer spacing
increases progressively,»from 3.74 nm for 2.5 wt% compatibilizer and gets a
maximum d-spacing at-3.87 nm or more for\5% compatibilizer and falls again to 3.79
nm for 20 wt% compatibilizer. Besides, XRD peaks are also investigated for both
intensity, and +shape . (bread<or<narrow)s (Abovey 25 wt%of “the [compatibilizer,
decreasing intensity and broadening of the peaks were observed, indicating that the
stacks of layered silicates become more disordered, while maintaining a periodic
distance. In addition, the reduced intensity could be the result of a partial exfoliation
of layered silicates [30], suggesting that the intergalleries of organoclay have been
intercalated by PP chains during melt-compounding. As shown correspondingly in the
TEM images (Figures 4.4-4.5), the organoclay particles are dispersed in the PP matrix
as tactoids with individual layers having a high aspect ratio. The aggregation of
organoclay particles are less to be detected. So it can be concluded that the dispersion
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of organoclay is dominated by the compatibility between the basal polymer and
organoclay.
e Tm‘“ 2.33°, 3.79 nm
100 =
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Figure 4.2 XRD patterns of organoclay ang PP/PP -g-MA/OMMT composites filled

and unfilled composites with vartous amountgr

configuration.

of PP-g-MA with Invention | screw

Table 4.2 XRD-deriS/éd interlayer spacing for the compo_sﬁ'_té materials calculated from

Figure. 4.2 | !
Formulation 4+ 20 of(Q01) planeA?)»|~ Intensity gounts d-s?acing of organoclay
intergallary (nm)
Organoclay 2.42 16,356 3.65
95/0/5 2.40 16,496 3.68
92.5/2.5/5 2.36 13,504 3.74
90/5/5 2.28 7,526 3.87
88/7/5 2.36 11,858 3.74
85/10/5 2.37 9,643 3.72
80/15/5 2.35 5,781 3.76
75/20/5 2.33 14,403 3.79
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Figure 4.4 Transmlss n electron micrographs of PP PP-g-MA/OMMT composites
(90/5/5/0) for (a ﬁ Intercafated-and- -flocculatéd clay, and (b-d) intercalated clay layers.
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Figure 4.5 Transmls electron micrographs of PP/m -g-MA/OMMT composnes
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Figure 4.6 TEMs of PP/PP-g-MA/OMMT composites showing agglomerated,
intercalated and partially exfoliated clay layers of 95/0/5/0, 95/5/5/0, 75/20/5/0, (a-c)

at 6,000x and (d-f) at 100,000x, respectively.
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4.3.2 Adhesion and chemical interaction

To estimate the adhesion and interaction between OMMT and the basal resins,
interfacial morphologies of the polymer/inorganic filler are inspected through SEM
images of the fractured cross-sectional surfaces of the molded bars as shown in Figure
4.7. The cracks existing at the interface between the OMMT particles and PP matrix
are seen in the uncompatibilized iPP/OMMT composite, implying a weak interaction
of the basal resin and OMMT. On the contrary, the matrix/OMMT interface is seen
blurry and the adhesion between the OMMT particles and the basal resin is tight in
the compatibilized composites. To further egnfirm the above observations, Fourier
transform infrared spectroscopy (FTIR) was used to characterize the fractured surface.
FTIR is an appropriate technique that enables understanding of chemical absorption
and bonding of a compaound. FTIR spectra for the clay, neat polymer, and PP/PP-g-
MA/OMMT composites are presented in Figures 4.8 and 4.9. The vibration bands are
summarized. For thesorganoglay, the sharp and strong IR peak at 1467 cm™ is
associatesd with CHj,swagging deformation of alkyl ammonium clay surface
modified, a small peak at/1116 ¢cm™ for v (Si;O) out-of-plane, a strong peak at 1050
cm™ for v (Si-0) in-plane, 4033 ¢mt " for éi—b;Si stretching, 914 cm™ for & (Al-Al-
OH), 797 cm™ for § (CH) out-of-plane from the‘surface modified. Absorption peaks at
530 and 466 cm™ are for Si-O, Si-O-Al stréiéhing and Si-O, Si—O-Fe stretching,
respectively. For the Neat PP, 1457 cm™ for 6. (CHs): 1377 and 1358 cm™ for &
(CHs), 1327 cm™ & (C=H); 1307 em™ CHs twisting; 1253 and 1219 cm™ for CH,
wagging; 1165 cm™ for absorption perpendicular to stretch direction; 997, 973, 843
and 808 cm™ for tertiaty methyl stretch deformations. For' compatibilizer, PP-g-MA
(PB3200) shows besides the neat PP spectrum, two weak absorption peak at 1783 and
1713 om*tassociated withy (C<QH) andiv(C=0)stretching of/maleic acid. A close
examination of Figures 4.8 and 4.9 suggests that reinforcement of PP with the
organoclay alters the shape and position of the infrared absorption bands of PP. The
absorption bands of PP between 997 and 973 cm™ corresponding to the deformation
of tertiary methyl skeletal and at 1104-1069 cm™ to the deformation of stretching of
Si-O-Si bond in the tetrahedral silicate plane are highlighted by dot boxes in Figures
4.8 and 4.9. This shift in the wavenumber and deformation of the peak shape indicate

a stronger interaction between PP matrix and OMMT [31].
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Figure 4.9 Fourier Transform infrared spectra of neat PP and PP/PP-g-MA/OMMT

with various amounts of PP-g-MA in the range from 0-20 wt%.
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4.3.3 Rheological properties

It is well known that the rheological properties of nanocomposites are
sensitive to surface characteristics and state of dispersion of the dispersed phase. The
rheological behavior of the binary mixing at various the weight ratios present in the
PP/PP-g-MA/OMMT composites will be used as a reference matrix behavior.
Therefore, rheometry can be employed as a powerful tool for characterizing the state
of dispersion [16, 28, 30, 32-34]. The storage modulus, G” and the complex viscosity,
»* as a function of frequency for the PR/PP-.g-MA melt mixing are the necessary
items to be measured. Based on the MFI values.of PP and PP-g-MA, low viscous PP-
g-MA has an effect of “dilution”-on polypropylene Viscosity [30]. Figure 4.10a shows
no specific effect on the storage:modulus at low frequencies (low shear rates) between
the neat PP and 95/5/0/0 cempesite, presumably indicating a good miscibility between
PP and PP-g-MA. Figure 4.10a also'presents the storage modulus G™ as a function of
frequency for the composites obtained with different concentrations of PP-g-MA. At
low frequencies (< 1 sad/s) and conceﬁtration of PP-g-MA at 0 wt% (95/0/5/0
composite), slight increases in the storage rijo'aulus G°, when adding only organoclay
(95/0/5/0), should be assoglated o some-_'f)ér_;i__al polymer intercalation due to low
dispersibility of the organoclay. According"_toj Solomon et al. [32] and Wang et al.
[25], the increase in“storage modulus at IoWi‘Feduency, which does not exist for the
corresponding matrices, could be explained by the existeénce of a percolated network
microstructure. At higher concentrations of PP-g-MA, the storage modulus
dramatically increases with increasing concentrations of PP-g-MA and reaching a
maximum at 20 wt% (75/20/5/0). Therefore; itis reasonable to say that the exfoliated
silicate layers “lincrease with increases in the compatibilizer amounts in the
concentration’ «intervalc and «these |could) be~the, staten of~partialy exfoliation. At
frequencies higherthan 1 rad/s, G" decreases slightly when the concentrations of PP-
g-MA increase because the viscosity and the molecular weight of PP-g-MA is lower

than that of polypropylene matrix.
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Figure 4.10 The rheological properties, (a) G*, Storage modulus, (b) »*, Complex
viscosity of PP/PP-g-MA/OMMT composites and controls with various amounts of
PP-g-MA and determined by Cone and Plate rheometer
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Figure 4.10b shows the complex viscosity for different amounts of PP-g-MA.
Like the storage modulus, the complex viscosity increases progressively at low
frequency (< 1 rad/s) with increasing amounts of PP-g-MA and reaching a maximum
at 7 wt%. Above 7 wt%, the complex viscosity slightly decreases, due to the low
viscosity of PP-g-MA. At frequency higher than 1 rad/s, »* decreases with increasing
concentrations of PP-g-MA due to the fact that the viscosity and the molecular weight

of PP-g-MA is lower than that of polypropylene matrix.

From the rheological information /abowve, it is essential to study further the
balancing effect of the compatibility by atyusing the compatibilizer concentration.
The rheological properties of the compaosites at high shear rates (>20 /s) are examined
further by the capillary rheemeier as presented in Figure 4.11. For the PP/organoclay
composite without PP-g-IMA (95/0/5/0), the shear viscosity of the composite is lower
than the 95/5/5/0 compesites containing 5 wi% PP-g-MA but higher than the
composites of 85/10/5/0 with'10 wi% PP-g-MA. That indicates that the PP-g-MA
compatibilizer can improve the interactior;r_between PP and organoclay. However, the
excess compatibilizer induces a negative é’ffébt in rheology. Therefore, the suitable
formulation for the balange compatibilit-y_/';_ffdgpends mainly on the compatibilizer
loading; for this system the ratio of PP/PP-g-fMA/OMMT (organoclay) is 90/5/5/0.
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Figure 4.11 Shear viscosity of PR/PP-g-MA/OMMT composites and the control (neat
PP) with various amounts of PP:‘g-MA determined by Capillary Rheometer at 220 °C.

One can observe from Figure 4.11 that the sﬁéar viscosity of PP/PP-g-
MA/OMMT composité increases with increasing the amount of PP-g-MA. The
addition of caompatibilizers to) polymer=campasite~affects: their flow behavior.
Chemical reactions occur between ‘the components "of a composite upon
compatibilization and .generally..increase the. viscosity., of .the. system. These are
probably: caused by a coupling effect afthe PP-g-MA when loading the PP-g-MA into
the PP/OMMT. It introduces better interfacial adhesion between PP and OMMT
phases as the maleic anhydride groups and PP chains in PP-g-MA interact between
OMMT and PP matrix phases, respectively. Naturally, the small molecule like PP-g-
MA has a lower viscosity than the PP matrix at 200 °C. All shear rates may also

induce chain scission reactions. The loading of PP-g-MA must be optimized.
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4.3.4 Microscopic observations

According to the XRD pattern in Figure 4.2, the presence of a lower
diffraction angle peak and intensity in PP/PP-g-MA/OMMT (organoclay) composites
suggests a larger d-spacing and more disorder of the OMMT formed in the composite
system that presumably retards the mobility of PP chains during crystallization. As a
consequence, PP in the presence of OMMT and compatibilizer crystallizes at a lower

temperature than does the neat PP. \runorganic particle reinforced polymers, the

particle-polymer matrix interacti e an important factor in determining

. Figure 4.13 presents a significant

improvement  of mec@d Wes of PP/PP-g-MA/OMMT
composites in case of fl ct strength and heat deflection

temperature of about 289 : pe , for the 90/5/5/0 composition

ing. However, elongation at

s b

Figure 4.12 Optical micrographs of PP/PP-g-MA/OMMT (organoclay) composite and

blank and isothermally crystallized at 135 °C.
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Figure 4.13 Mechanical @and thermal propeﬁies of PP/PP-g-MA/OMMT composites
with various amounts of PR-g-IMA and - the neat PP as a control.

In this PP/PP-g-MA/GMMT cofnbb’sites system, the crystallinity is
significantly decreased, the reinforcement with the compatibilizer and OMMT
decreased the crystallizationtemperature {294 by-—about 7 °C and reduced the
spherulite size from 75-100 pm of neat PP to 38-70 um in the 90/5/5/0 composition
presented in Figure 4.12. These observations suggest that the OMMT and PP-g-MA
had a strong influenceon the structural and-mechanical preperties of PP. Figure 4.13
presents an increase in"HDT ‘and-flexural" modulus which is very fortune that the
flexural modulus is not accompanied by loss~in impact strength. The above
observations'lead us to. believe that the reductiongin spherulite 'size/could be at least
one of the structural controlling factors responsible for the increases in toughness of
the PP/PP-g-MA/OMMT composite. However, the improvement tendencies
decreased with increasing the compatibilizer contents of above 7 wt%. Another
important factor of concern is the PP/PP-g-MA/OMMT interaction. The decrease of
the MFI found in the composites can be associated to nanodispersion of the OMMT
leading to a higher melt viscosity at the low shear rates. The flexural modulus and
Izod impact strength of PP/PP-g-MA/OMMT composites were significantly higher
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than the neat PP corresponding to a strong interaction between the OMMT and PP

matrix.

4.4 Effects of aryl amide beta-nucleating agent on the performance of
PP/compatibilizer/ organoclay (OMMT) composites.

4.4.1 Morphology and density

Figure 4.14 and Table 4.3 present the morphology, XRD information and
density of alpha- and beta-crystals of PP and PP "composites by beta-nucleation and
the neat PP as a control. The X-ray diffraction patterns of the PP alpha-modification
and beta-modification in the"Composites in Figure 4.14 indicate that the monoclinic-
phase (alpha-phase) of themeat PP and PP/PP-g-MA/OMMT composites at the (110),
(040), (130), (111) and (041) crystallographic planes correspond to the diffraction
angles 20 of 14.2°, 1740°, 18.8°, 21,2° and 22°, respectively. The neat PP and 90/5/5/0
did not show any significant formation of‘llt-_he hexagonal (beta-phase) form because of
the lack of aryl amide. The hexagOnaI cryé_',"caJI: forms in the PP and composites were
only observed in the presence of aryl amidé'___ﬁq,qleator in 99.9/0/0/0.1, 89.95/5/5/0.05,
89.9/5/5/0.1 and 89.7/5/5/0.3 specimens. T_Ee_,t;/_vo main diffraction characteristics of
beta-nucleated PP and composites were cIeérIS) 6bserved at 20 = 16.2 ° and 21.7 °,
which were associated with the (300) and (301) planes, reépectively. The beta-phase

content in the crystalline iPP, the so called k, value, was estimated using the

equation proposed by Turnér-Jones (Equation 2.1): [5]

K _ =7 (2.1)
’ Hﬁl YR 7 Y1ed Had &

where H_,, H_, and H_, are the intensities of a-diffraction peaks corresponding to
0, = 7.1°, 85" and 9.4°, respectively. H , is the intensity of p-diffraction peak
corresponding to the angle &, = 8.1°. The fraction of the hexagonal form can be

expressed by the k, value from Equation (2.1).
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Fig. 4.14 XRD patterng' of PR and PP/PP-g-MA/OMMT composites with various

amounts of aryl amide nucleator; 1: 99.9/0/0/0.1, 2: Neat PP, 3: 89.7/5/5/0.3, 4:
89.9/5/5/0.1, 5: 89.95/5/5/0.05, 6: 89.95/5/5[0:Q5 (repeat) and 7: 90/5/5/0.

Table 4.3 XRD information and density of the neat.PP and PP/PP-g-MA/organoclay

composites with varicus-ameunis-of-aryl-amide-nucieator:

d-spacing at | )
) 26 of (001) Intensity at K, *Density
Formulation (001) plane s
plane (°) (001) plane | valye (g/cm?)
(nim)
Neat PP none none none 0.01 0.904
99.9/0/0/0.1 nAone nene none 0.93 0.901
90/5/5/0 none none none 0.02 0.921
90/5/5/0 (repeat) 2.28 3.87 7526 0.00 **nd
89.95/5/5/0.05 none none none 0.50 nd
89.95/5/5/0.05 (repeat) 2.38 3.71 6587 0.49 nd
89.9/5/5/0.1 2.28 3.87 13066 0.92 0.922
89.7/5/5/0.3 2.26 3.9 11980 0.92 0.919

*The test results are an average of 3 specimens, **nd = not determine
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The effect of aryl amide nucleator on the dispersion of organoclay in the
PP/PP-g-MA/ organoclay/aryl amide composites was also observed via XRD and
TEM techniques. As shown in Figure 4.2, the interlayer spacing of pristine
organoclay is 3.65 nm (20 = 2.42°) before compounding. For the compatibilized
system of 90/5/5/0, the diffraction peaks in the 20 range of 1-5° disappeared
markedly or shifted to lower angles with very low intensity, i.e., highly disordered
and partially exfoliated organoclay. This implies that intercalation of PP chains into
the intergalleries of the organoclay and some exfoliation of the organoclay layers had
taken place. The addition of 0.05 wi% aryl amide nucleator to the 89.95/5/5/0.05

composite induced the beta nucleation of-composites with the k, value of 0.50

whereas the characteristic of-X=ray. diffraction pattern was not significantly different
from that of 90/5/5/0 composite, indicating a very Similar level of dispersion. At the
levels of 0.10 and 0.30.wWt% nucleator, the beta-form in the PP and PP composites

increased to the same k gvaltie 0f0.92, while the diffraction peaks in the 20 range of

1-5° were still observed with the rather-high intensity. but were shifted to the lower
angles at 2.28° and 2.26°. /This means that.the interlayer spacings of the clay were
extended to 3.87 and 3.90 nm, respectively..However, the dispersion of clay layers
showed less disorder or highel peak intensity than that with 0.05 wt% or non-
nucleated composites. This agrees with the results of TEM micrographs in Figures
4.15 and 4.16.

Table 4.3 also-lists densities of the samples, and the data exhibit a slightly
lower density of:the beta-nucleated samples compared.to.the.alpha-form which is in
good agreement with literattre'[3, 9]. Becatse the 'density of 5% nanoclay composites
was 1.9% higher compared to the neat PP,=the beta-nucleation can partially
comperisate for thisinegative effect (the higher part weight) and the density of beta-
nucleated PP composite increased only by about 1.6%. In other words, the filler
induced increase in density is ca. 16% lower in case of beta-nucleation. For the sheaf-
like lamellar structure (radial arrays of parallel stacked lamellae) of beta-nucleated PP
[3, 9, 11] a rough fracture surface and big pores are observed from the fractured
tensile specimens. On the other hand, the alpha-form of PP and PP composites
presented a cross-hatched structure, smooth fractured surface and lower porosity. The
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SEM micrographs in Figures 4.17 to 4.18 show the etched and non-etched fracture

surfaces of the neat PP and composites.
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Figure 4.15 Transmission electron micrographs of the PP/PP-g-MA/OMMT
composites:(a-b) 89.9/5/5/0.1, (c-d) 95/0/5/0, and (e-f) 70/25/5/0.
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Neat PP etched, cross-hatched structure 90/5/5/0 etched, cross-hatched structure
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Figure 4.17 Scan etched impact fractured

surface of PP and P ): without and (c-d): with

aryl amide nucleator.
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Figure 4.18 Scanningelec 4
fractured surfaces of and PP/PP-g-MA/OMMT rganoclay) composites with 0.30
wt% of aryl amide nuc‘]ég.tor.
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of the nucleated and non-nucleated PP homopolymer and composites under non-
isothermal conditions. The degree of alpha crystallinity and crystallization
temperature (T.) of PP/PP-g-MA/OMMT is significantly lower than that of neat PP.
This result is in contrast to the literature [35] which reported that the organoclay acts
as an alpha-nucleating agent in the uncompatibilized composites. This drastic
difference is due to the domain effects of the compatibilizer (PB3200: PP-g-MA) that

together with the hindered mobility of intercalated PP chains reduce the rate of PP
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crystallization [29]. Even if the nucleation is promoted by the organoclay particles,
crystal growth rate is seriously impaired. The PP and PP composites containing 0.05-
0.30 wt% aryl amide nucleator crystallize essentially in the beta-modification as
indicated by the beta-melting peak. In PP and PP composites, the peaks of alpha-
melting and beta-melting are practically identical. There is a distinctive beta-fusion
peak at 154 °C and alpha-fusion peak at 169 °C as shown in Figure 4.19(a). DSC
thermograms can be used to evaluate the performance of aryl amide nucleator in both
the PP and PP composites as shown in Table 4.4. The degrees of crytallinity and the
percentage of alpha- and beta-fractions were determined from the respective fusion
peaks of the DSC thermogram according to-Equations (3.1) and (3.2) [23, 24] which
is summarized in Table 4.4. Addition of 0.10-0.30 Wi% beta-nucleator induces very

high beta-modification leveis la‘the PPland PP composites, up to 92% (k= 0.92) of

the total crystallinity, and significantly increases the erystallization temperature of
both the neat PP and PP composites."!':igure 4.19(b) shows the crystallization
thermograms of PP, PP/RP-g-MA/OMMT and beta-nucleated PP/PP-g-MA/OMMT
composites at a coolingrate of 10 °C/min. From these thermograms, the
crystallization onset temperattire (T¢,) and erystallization peak temperature (Tcp) can
be determined. Also, the heat evolved during crystallization (AH.) can be obtained as
summarized in Table 4.4. Table 4.4 and Figure 4.20 show the relationship between
the crystallization-peak temperature (T,) and cooling rate, for PP/PP-g-MA/OMMT
composites. It is observed that both the T, and T, decrease with increasing cooling
rate. At a lower cooling rate, more time is available to overcome the nucleation
energy barrier and crystallization starts at the higher temperatures leading to higher
crystallinity. At'a higher cogling rate, the nuclei become active at lower temperatures
[36]. The presence of beta-nucleator leads to a_significant increase in T¢, at any
coolingyrate and Tgs inCreases with increasing beta-nucleator conignt. For example, at
a cooling rate of 10 ©°C/min, the crystallization peak temperature for
PP/PB3200/organoclay composite is 116 °C, while for the 0.10 and 0.30 wt% beta-
nucleated composites, T, increases to 123 °C and 128 °C, respectively. Aryl amide is
a very effective nucleating agent to increase the number of beta-crystals and the rate
of crystallization in PP/PP-g-MA/OMMT composites causing more and smaller
spherulites in a heterogeneous nucleation process. For PP/PP-g-MA/OMMT
composites without the nucleation, the crystallization temperatures are 7 °C lower
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than that of the neat PP (at a rate of 10 °C/min) and increase the cycle time of
injection and blow molding processes. However, when using an efficient beta-
nucleator, crystallization temperature increases by up to 12 °C and so cycle times and

energy consumption of industrial PP composite processing will substantially benefit.
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Figure 4.19 DSC thermograms (a) melting temperature, (b) crystallization
temperature of PP and PP/PP-g-MA/OMMT composites with various amounts of aryl
amide nucleator (The results are based on DSC curves recorded at the cooling and

heating rate of 10 °C/min from 25-200 °C by Mettler Toledo instrument)
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Table 4.4 Thermal properties of PP and PP/PP-g-MA/organoclay composites with
various amounts of aryl amide nucleator at various heating and cooling rates based on

DSC curves recorded at the cooling and heating rates from 2.5-20 °C/min

Scan
AHa Tm-a AH Tm- AHc Tc ** Total
Formulation Rate X. p X, ¥ P o D,
. J/9) (°C) (J/g) (°C) (J/g) (°C) crystallinity (%)
(°C/min)
2.5 106.66 | 0.60 | 167.0 | 0.00 | 0.00 | none | 114.44 | 1295 0.60 0
Neat PP 5.0 103.04 | 058 | 166.8 | 0.00 | 0.00 | none | 113.00 | 126.5 0.58 0
10.0 9553 | 054 | 166.3 | 0.00 /| 0.00 | none | 104.21 | 122.9 0.54 0
20.0 9417 | 053 | 1666 | 000/ {#0.00" | .none | 10424 | 1192 0.53 0
25 79.80..{-.0.45..{-166.3 | «0.00 | 0.00.{-none | 97.45 | 121.9 0.45 0
90/5/5/0 5.0 85.254 J.48JL 1659 | 0.00 | 0.00-| none | 9465 | 118.7 0.48 0
~ L ar -+
10.0 83.65 ro".zw 166.1 (ioo 0.00 | none | 94.47 | 1155 0.47 0
| i
20.0 84.75 ﬁ"o.zts 1644 | 0,007 | 0.00 | none | 93.76 | 111.9 0.48 0
4 — -4
2.5 af'es f0.23"| A68.3 94.!{4 1056 | 1543 ["111.05 | 1323 0.79 70
99.9/0/0/0.1 5.0 1167 | 0.07 1704 69.6:':_ ' 0241 154.6 | 90.29 | 131.2 0.48 86
F o - ] 4
10.0 9.83 41 006 | 169.3.( 79.30 1.4 0.47 | 1540 | 9759 | 126.7 0.52 89
F — B
20.0 none | #nd 4}i“None 96:42 | 067 | 156.0 | 9391 | 1233 nd nd
25 89.41 | 0.50-|-467.4'| 30.82 | 018 | 1543 | 99.77 | 12838 0.68 27
4 4';_ ]
89.95/5/5/0.05 50 ‘Wes07 £ 035 L1672 2078 018 TH542 éoq.ll 125.7 0.53 33
W -

10.0 56:94 | 032 | 166.8 | 32.95 | 0.19 | 154.0  96.87 | 1225 0.51 38
200 | 8613 | 048 | 1671 | none | nd | None | 96.12 | 117.9 nd nd
2.5 56,02 | 0132|674l |120.65~] 012 |1154/3 7 100,77~ 128.8 0.44 28
89.9/5/5/0.1 50 1853 | 0.10 | 170.6 | 60.37 | 0.36 | 153.3 | 98.03 | 127.3 0.46 77
100 121854[%0.07|4169.3 [170.26 (] 074115437 | (92407 4285 0.49 85
20.0 none nd None | 86.66 | 0.51 | 157.8 90.17 119.1 nd nd
25 2492 | 014 | 1712 | 78.19 | 0.46 | 154.9 | 9452 | 133.8 0.60 77
89.7/5/5/0.3 5.0 17.16 | 0.10 | 170.9 | 73.33 | 0.43 | 154.2 | 10557 | 129.7 0.53 82
10.0 6.92 | 0.04 | 169.0 | 78.38 | 046 | 1542 | 88.87 | 1284 0.50 92
20.0 none nd None | 83.53 | 0.49 | 156.1 84.39 124.2 nd nd

* nd = cannot determine, ** Total crystallinity = alpha crytallinity and beta crytallinity
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Figure 4.20 Crystallization'temperatures of PP and PP/PP-g-MA/OMMT composites
with various amounts of aryl amide nucleator at cooling rates of 2.5 °C/min, 5.0
°C/min, 10.0 °C/min and.20.0 °C/min |

4.4.3 Chemical interaction

To observe a.chemical interaction in composites; Fourier Transform Infrared
Spectroscopy (FTIR) was applied [31, 35]. In Figure 4.21, the FTIR spectra of clay,
neat polymer, PP/PP-g-MA/OMMT and PR/PP-g-MA/OMMT/aryl amide composites
are presented. The Imain infrared absorption bands assighed to.molecular vibrations of
neat components can be given as follows [37]. For OMMT, the IR peak at 1470 cm™
is assoclated with-CH, wagging detormation ‘of alkyl. ammonium | clay modified
surface, 1116 cm™ for v (Si—-O) out-of-plane, 1050 cm™ for v (Si-O) in-plane, 1033
cm™ for Si-O=Si stretching, 914 cm™ for & (AI-Al-OH), 797 cm™ for § (CH) out-of-
plane from the surface modified. Absorption peaks at 530 and 466 cm™ are for the Si-
O and Si—O-Al stretching and Si—O and Si—O-Fe stretching, respectively.
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Figure 4.21 Fourier transform infrared spectroscopy spectra of a) OMMT

(organoclay),

PP, PP-g-MA, PP/PP-g-MA/OMMT composites,

b) PP/PP-g-

MA/OMMT composites without and with 0.30 wt% of aryl amide nucleator.
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For the Neat PP, 1457 cm™ for 8.5 (CH3); 1377 and 1358 cm™ for §; (CHs),
1327 cm™ & (C-H); 1307 cm™ CH, twisting; 1253 and 1219 cm™ for CH, wagging;
1165 cm™ for absorption perpendicular to stretch direction; 997, 973, 843 and 808
cm™ for tertiary methyl stretch deformations. For the compatibilizer, PP-g-MA
(PB3200) shows besides the neat PP spectra two weak absorption at 1783 and 1713
cm™ and associated with v (C~OH) and v(C=0) stretching of maleic acid.

Addition of aryl amide nucleator creates the absorption peaks at 1627 and
1542 cm™ as marked by a full line hox in Figure 4.21(b). The FTIR spectra indicate
that aryl amide nucleator does not affect the_interaction between the PP matrix and
organoclay. A close examination of Figure 4.21(a) and (b) suggests that
reinforcement of the PP with organoclay alters the shape and position of the infrared
absorption bands of PR#The  ahsorption bands of PP between 998 and 975 cm™
corresponding to the defermation of tertiary methyl skeletal and at about 1069-1104
cm™ to the deformation of stretehing of Si-O-Si bond in the tetrahedral silicate plane
are highlighted by the det boxes in Eigure 4.21(a) and (b). This shift in the
wavenumber and defarmation of peak' éhape Indicates a stronger chemical

interaction between PP matrix.and organoclay,
4.4.4 Rheological properties

The rheological properties of composites are sensitive to surface
characteristics and level of dispersion. Thergfore, melt rheology can be envisaged as a
powerful tool for characterizing the state of dispersion, intercalation and exfoliation of
clay composites [16, 25, 28, 30, 32-34]. Storage modulus, G”, loss modulus, G” and
complex, viscosityy > cwereameasured asiarfunction;of oscitlation frequency for the
PP/PP-g-MA melt blend. No Specific effect on G*, G™ and »* is obServed in Figure
4.22 between the the neat PP and 95/5/0/0 blend, indicating good miscibility between
PP and PP-g-MA. The rheological behavior of the binary blend that corresponds to
the weight ratios present in the PP/PP-g-MA/OMMT composites will be used as the
reference matrix behavior. Figure 4.22(a-c) presents also G*, »*, G” as a function of
oscillating frequency for the neat PP and the composites with different beta-nucleator
loads. At low frequencies (< 1 rad/s) without the beta-nucleator, G°, G” and »*

significantly increased when organoclay and compatibilizer (90/5/5/0) were added,
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which was associated to high intercalation and partial polymer exfoliation. Referring
to Solomon et al. [32], the increase in storage modulus at low frequency can be
explained by the existence of a percolate network microstructure. By adding 0.05,
0.10 and 0.30 wt% of the beta-nucleator to these PP composites, G", G, and »*
slightly decreased, which could be due to a kind of “gliding effect” of the very fine
solid nucleator particles having melting points of greater than 300 °C between the
clay layers and stacks.
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Figure 4.22 Rheological properties, a) storage modulus, b) complex viscosity and c)
loss modulus of PP, PP/PP-g-MA and PP/PP-g-MA/organoclay composites with

various loadings of aryl amide nucleator determined by cone and plate Rheometer.
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4.4.5 Microscopic observations

Nucleation effect is also confirmed by polarized light microscopy as shown in
Figure 4.23. There are some spherulite structures in the neat PP indicating of some
degrees of its crystallinity. The size of spherulites decreased from 50-80 um in PP/PP-
g-MA/OMMT composites to 10-25 pm average in 92 wt% beta-nucleated composites
(see Figure 4.23(b). The latter shows two size ranges of beta-spherulites, i.e., 15 um
small spherulites at some areas, and 100 um large spherulites with voids at the center
at the other areas and differs from that of neat PP (alpha-phase).

The mechanical properties of the neat PP; beta-PP and PP/PP-g-MA/OMMT
with various amounts of beta-nucleator are shown in Table 4.5. The flexural modulus

of beta-nucleated PP (k, valtue.=0.93) is slightly lower than that of the neat PP while

elongation at break is simtiaw 1zod impact strength is drastically improved by 125%.
Flexural modulus and 1zed impact strehgfh of the PP/PP-g-MA/OMMT composites
(90/5/5/0) are also much higher than forxﬁhe- neat PP by 30% and 40%, respectively.
These improvements indicate good compatibilization and interaction between the
OMMT and PP. However, the elongation at_;,lp_réak of the reinforced composites is very
low as expected. Addition 0.05 - wi% of the beta-nucleator to PP/PP-g-MA/OMMT

composites induces the beta-form at k, value.as 0.50, the elongation at break is

greatly improved by 70% while 1zod impact strength is-slightly higher and flexural

modulus is slightly lower. Above 90% beta-form in the composites (k ; value > 0.90),

elongation at break is significantly improved by up to 200% whereas the flexural
modulus and 1zod dmpact strength are somewhat lower whiletensile properties are not
significantly different. Besides, the heat deflection temperature (HDT) of the beta-
nucleated of.the neat PP _is significantly higher than, that of .the.alpha-PP. However,
the beta-nucleation'of composites did not affect HDT.
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Table 4.5 Mechanical properties of PP/PP-g-MA/OMMT composites with various

amounts of beta-nucleating and the control of the neat PP by the reverse screw

configuration.*

***Heat
** Flexural ** |zod impact ** Elongation ]
) k deflection
Formulation A Modulus Strength at 23 °C at break
(MPa) M) %) Temperature
°C)
100/0/0/0
0.00 | 1413 +17 28.6 £0.2 1087 £ 23 105+1
(Neat PP)
99.9/0/0/0.1 | 0.93 | 1332+ 20 OP L 0 1063 + 103 120+1
90/5/5/0 0.00 1825 # 6 43.0+1.8 54+5 127 +1
89.95/5/5/0.05 | 0.50 | 4777 £14 — 493\ 7 914 126 +1
89.9/5/5/0.1 | 0.92 | 182122 = 403+20 50+ 7 126 +0
89.7/5/5/0.3 1747 £ 9 35.3: %0 166 £31 128+1

0.92

* see pages 34 in Chapter 3, ** The test results are an average of 5 specimens, *** The test

results are an average of 3 specimens.




CHARPTER V
CONCLUSIONS AND SUGGESTION FOR FURTHER WORK
5.1 Conclusions

Aryl amide beta-nucleating agent was found to improve impact property of the
neat PP by 125% with only little loss in flexural modulus; 1zod impact strength of
PP/PP-g-MA/OMMT (organoclay) composite was not further increased by the
nucleator addition. However, the organoclay.eemposite system of this study gave
40% higher impact and 30% higher modulus compared to the neat PP. The most
striking result is the effecivof.beta-nucleator on crystallization temperature of the
composite. The crystallization/of the un=nucleated PP/PP-g-MA/organoclay is highly
retarded with a T, at 116,°C;the beta-nucleation increased the temperature to 128 °C
which is expected to offer big/advantages for mold processing of the composite, such
as, lower cycle times. Qther positive effeé’_[s of the beta-nucleation of PP composites
are a slight reduction of the composite dens}_i'ty; (the lower weight of the molding part)
and the partial recovery of the very low el-c_;h-gqt__ion at break for the composite tensile
property which can be improved by 200%. * :

5.2  Suggestion for further work

A better understanding of interfacial adhesion between PP matrix and
montmorillonite’ should "be “investigated; via spectroscopic techniques. Block
copolymer of polypropylene series are the topical research to search for novel
products; Further investigations of effectsiaf aryl-amide on PR klock ¢opolymers can
be the good candidates for this type of research.

Based on the research results, it is interesting to apply this formulation to
produce industrial products that require high flexural modulus and impact strength.
Applications in automotive parts, electrical parts and consumer products are

worthwhile investigating.
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Figure A.1 DSC thermograms of melting temperature, crystallization temperature of
the PP and PP/PP-g-MA/organoclay nanocomposites with various amounts of aryl
amide nucleator. The results are based on DSC curves recorded at the cooling and
heating rates of 10 °C/min from 25-200 °C by Mettler Toledo instrument. (a): The
neat PP; (b): 99.9/0/0/0.1 composite; (c): 90/5/5/0 composite; (d): 89.95/5/5/0.05
coposite; (e): 89.9/5/5/0.1 composite; (f): 89.7/5/5/0.3 composite.
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