Chapter one

I ntroduction

1.1 Polymer s background

Polymeric materials are large molecules made bwgingi
together thousands of small molecular units knownmanomers.
The process of monomer joining the molecules isledal
polymerization and the number of these units in plo&/mer is
known as the degree of polymerization. The namesmahy
polymers consist of the name of the monomer wighsthffix poly-.
For example, polypropylene and polystyrene monomars
propylene and styrene respectively.

The words polymers and plastics are often taken as
synonymous but in fact there is a distinction. oéymer is the
pure material which results from the process oypeirization and
Is usually taken as the family name for materialsciv have long
chain-like molecules (and this includes rubbergeFolymers are
seldom used on their own and it is when additivespaesent that
the term plastic is applied. Polymers contain aaestfor a number
of reasons. There are two important classes ofipsatermo and
thermoset.

1.1.1 Thermoplastic

In a thermoplastic material the very long chairelikolecules are
held together by relatively weak Vander Waals fercA useful

iImage of the structure is a mass of randomly distad long
strands of sticky wool. When the material is heattgk

intermolecular forces are weakened so that it besosoft and



flexible and eventually, at high temperaturessitiviscous melt.
When the material is allowed to cool it solidifiagain. This cycle
of softening by heat and solidifying on cooling cha repeated
more or less indefinitely and is a major advantegthat it is the
basis of most processing methods for these maeitatloes have
its drawbacks, however, because it means that tbpepgies of
thermoplastics are heat sensitive. A useful analegich is often

used to describe these materials is that, likeleamdx, they can be
repeatedly softened by heat and will solidify whenoled.

Examples of thermoplastics are polyethylene, polyvchloride,

polystyrene, nylon, acetal, polycarbonate, polyiylethethacrylate
and polypropylene (R.J. Crawford 2005).

An important subdivision within the thermoplastimgp of
materials is related to whether they have a crys¢éa(ordered) or
an amorphous (random) structure. In practice, ofrs® it is not
possible for a moulded plastic to have a completzlystalline
structure due to the complex physical nature of mh@ecular
chains. Some plastics, such as polyethylene armhnghn achieve
a high degree of crystallinity but they are prolyaibbre accurately
described as partially crystalline or semi-crystall Other plastics
such as acrylic and polystyrene are always amoighdine
presence of crystallinity in those plastics capalflerystallizing is
very dependent on their thermal history and hence tloe
processing conditions used to produce the mouldadea(R.J.
Crawford 2005).



1.1.2 Thermosetting plastics

A thermosetting plastic is produced by a chemieaction
which has two stages. The first stage results e ftrmation of
long chain-like molecules similar to those preserihermoplastics,
but still capable of further reaction. The secondgs of the
reaction (cross-linking of chains) takes place mgirmoulding,
usually under the application of heat and pressiine resultant
moulding will be rigid when cooled but a close netkv structure
has been set up within the material. During theosdcstage the
long molecular chains have been interlinked byrgjroonds so that
the material cannot be softened again by the agipit of heat. If
excess heat is applied to these materials theychall and degrade.
This type of behavior is analogous to boiling ag.egnce the egg
has cooled and is hard, it cannot be softened agginthe
application of heat. Since the cross-linking of emlles is by
strong chemical bonds, thermosetting materials are
characteristically quite rigid materials and themechanical
properties are not heat sensitive. Examples ofrtbsets are phenol
formaldehyde, melamine formaldehyde, urea formaldeh
epoxies and some polyester (R.J. Crawford 2005).
1.2 Khartoum Petrochemical Company (KPC)
Khartoum Petrochemical CompariPC) Sudan produces two
grades of polypropylene homo polymer under ASTMndsad
those are:

1. Extrusion grade (KPC 113).
2. Injection grade (KPC 114).



KPC Sudan products have been distributed into warda including
Sudan, Egypt, Ethiopia, Kenya and Syria etc. Hgadgpropylene
Is inexpensive and available raw material for laoakrket in Sudan.
Sudanese polypropylene (PRarket demand in 2012 about 9329.2
ton/month (3327 ton/month for extrusion grade an@0262
ton/month for Injection grade). The domestic pobmrene plant
(KPC) caters to local demand about 1500 ton/moalbiowt 16.1%)
and 7829.2 ton/month are imported from outsideaBU83.9%).
1.3 Problem statement

Sudanese polypropylene (KPC polypropylene) disteitu
into wide area including Sudan, Egypt, Ethiopian¥a and Syria
etc. Hence polypropylene is inexpensive and aviailedov material
for local market in Sudan. The major problems ofdKBroduct are
raised by the local consumers are the following:
1. Density

Standard Isotactic polypropylene has standard teresnge
(905 -940) kg/mi But based on local consumer experience the
density of KPC polypropylene is well below the stard compared
to same imported grade of polypropylene.
2. Brittleness

Standard Isotactic polypropylene is brittle in c@mgon
with high density polyethylene (HDPE).But KPC palgpylene is
very brittle even if compared with standard polypriene (based
on local consumer experience).
3. Mdt strength

Standard Isotactic polypropylene has low melt gjtierand

also KPC polypropylene compared to high densityygiblylene
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(HDPE) (Based on local consumer experience theme wifference
between extrusion and injection grades of KPC polyplene).
1.4 Objectives:
 Comparison of the inherent mechanical, thermal and
rheological properties of KPC polypropylene witlarsdard
isotactic polypropylene grades and to previousistud
* Investigation of the problems associated with KPC
polypropylene in local industry in conjunction witespect
standard isotactic polypropylene grades and to ipusv
studies.
» Develop processing techniques to improve melt gtreand
brittleness of KPC polypropylene.
* Improvement and evaluation of KPC polypropylenmtigh
blending with thermoplastics to form compositeshwiitiers

and additives.



Chapter two

L iterature Review

2.1 Polypropylene (PP)

Polypropylene (PP) is a thermoplastic material thairoduced by
polymerizing propylene molecules, which are the amar units,
into very long polymer molecule or chains. There arnumber of
different ways to link the monomers together, bu® Bs a
commercially used material in its most widely udedn is made
with catalysts that produce crystallizable polyrokains. This give
rise to a product that is a semi crystalline salith good physical,
mechanical, and thermal properties. Another fornPBf produced
in much lower volumes as a byproduct of semi ctlysta PP
production and having very poor mechanical and ntlakr
properties, is a soft, tacky material used in anfess sealants, and
caulk products. The above two products are oftderned to as
isotactic (crystallizable) PP (i-PP) and atactionitrystallizable)
PP (a-PP), respectively (Kock et al., 2013).
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Figure (2.1) Polypropylene chemical structure
As is typical with most thermoplastic materialss tinain properties
of PP in the melt state are derived from the aweidaggth of the
polymer chains and the breadth of the distributdrthe polymer
chain lengths in a given product. In the solid estabhe main
properties of the PP material reflect the type amdount of
crystalline and amorphous regions formed from thlgrper chains.

Semi crystalline PP is a thermoplastic materialta@mmg both



crystalline and amorphous phases. The relative amoti each
phase depends on structural and stereo chemicedatbastics of
the polymer chains and the conditions under whiuh rtesin is
converted to final products such as fibers, filausg various other
geometric shapes during fabrication by extrusibermoforming,
or molding.

These properties can be varied in a relatively Bmpanner
by altering the chain regularity (tacticity) conteand distribution,
the average chain lengths, the incorporation obraanomer such
as ethylene into the polymer chains, and the irmatpn of an
impact modifier into the resin formulation. Polypgtene
containing only propylene monomer in the semi alisie solid
form is referred to as homopolymer PP (HPP), anduses this to
mean isotactic PP form. Polypropylene containingylene as a
comonomer in the PP chains at levels in about #8%lrange is
referred to as random copolymer (RCP). HPP comgina
commixed RCP phase that has an ethylene conte#-5 % is
referred to as an impact copolymer (ICP). Eachheké product
types is described below in more detail.

2.1.1 Polypropylene tacticity

The solid-state characteristics of PP occur becahse
propylene monomer is asymmetrical in shape. ltedsfffrom the
ethylene monomer in that it has a methyl groupchttd to one of
the olefinic carbons. This asymmetrical nature o propylene
monomer thus creates several possibilities foirigkhem together
into polymer chains that are not possible with gyenmetrical
ethylene monomer, and gives rise to what are knasvstructural
iIsomers and stereo chemical isomers in the PP chastructural

iIsomerism, polymer scientists refer to the olefiogaxbon with the
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methyl group on it as the ‘head’ (h) and the othiefinic carbon as
the ‘tail’ (t) of the monomer. The most common nuethof
polymerization uses catalysts that link the monanegether in the
“head-to-tail” fashion. Occasionally there is anistake” made
and the monomers form a ‘head-to-head’ or a ‘tailail’ linkage,
but these tend to be rare. Stereo chemical isomasgossible in
PP because propylene monomers can link togethdr that the
methyl groups can be situated in one spatial aenaegt or another
in the polymer. If the methyl groups are all on srde of the chain,
they are referred to as being in the ‘isotacticaagement, and if
they are on alternate sides of the chain, theyedegred to as being
in the ‘syndiotactic’ arrangement.

Each chain has a regular and repeating symmetrical
arrangement of methyl groups that form differenit eell crystal
types in the solid state. A random arrangement etfhgh groups
along the chain provides little or no symmetry, angolymer with
this type of arrangement is known as Atactic patgytene. When
polymer scientists discuss the stereo chemicalfeatof PP, they
usually discuss it in terms of tactility or percetacticity of
polypropylene, and in the marketplace the term palgylene is
generally used to refer to a material that has tagticity, meaning
high isotactic content. The high-tacticity PP mialer have
desirable physical, mechanical and thermal progein the solid
state. Atactic material is a soft, sticky, gummytenal that is
mainly used in sealants, caulks, and other apmitat where
stickiness is desirable. Syndiotactic PP, not agelarolume
commercial material, is far less crystalline thaotactic PP (Kock
et al., 2013).
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Figure (2.2) Polypropylene polymer molecules

2.1.2 Major advantages of polypropylene properties

PP is very popular as a high-volume commodity plast
However, it is referred to as a low-cost enginegpiastic. Higher
stiffness at lower density and resistance to higieenperatures
when not subjected to mechanical stress (partigulacomparison
to high and low density PE (HDPE and LDPE)) are Keg
properties. In addition to this, PP offers goodgia¢ resistance,
good chemical resistance, good environmental stoFasking
resistance, good detergent resistance, good harchmas contact
transparency and ease of machining, together withiodg
processibility by injection molding and extrusiofripathi, 2002).
The properties of PP are compared with other coithmeet
thermoplastics as shown in Table (2.1). It can éensfrom the
table that PP offers advantages over most of itpeditive
materials on the basis of specific modulus (modutusdensity
ratio), heat deflection temperature (HDT), maximeontinuous
use temperature or modulus to cost ratio. Envirortedeand food

legislation may further tip the balance in favoiR#.



Polypropylene is available in a wide variety of mibw
rates, ranging from 0.3 to over 1000 g/10min, andk ieasily
recycled. It can be processed by virtually all me#) including
injection molding, blow molding, extrusion, blowmd cast film,

and thermoforming (Clive Maier, Teresa Calafut, 8099

Table (2.1) Comparison of unmodified PP with otmaterials-1

Property PP LDPE | HDPE | HIPS | PVC | ABS
Flexural Modulus (GPa 1.3 0.3 1.3 2.1 3.0 2.7
Tensile strength (MPa) 33 10 32 472 51 a4y

Specific density (crilg) | 0.905 0.92 0.96 1.08 1.4 1.05

Specific modulus (GPa 1.66 0.33 1.35 1.94 214 725

HDT at 0.45 MPA{C) 105 50 75 85 70 98
Max continuous use

100 50 55 50 50 70
temp (C)
Cost (£/ton) 660 730 660 875 905 1550
Modulus per unit cost

2.27 0.41 1.97 2.4 3.31 1.47

(MPa/£)

Many available grades with different properties mak
polypropylene useful in applications such as fibefdms,
filaments, and injection molded parts for automedil rigid
packaging, appliances, medical equipment, food ggiok;, and
consumer products. It is being substituted for glasetal, and
engineering plastics such as ABS, polycarbonatlyspoene, and
nylon in kitchen appliances and large appliancesh sas ovens,
dishwashers, refrigerators, and washing machines, hegh flow
grades are used in molding large house wares. Sugmt grades
are replacing polyvinyl chloride in medical bagsldnbing and in

hospital gowns (Clive Maier, Teresa Calafut, 1998).
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2.1.3 Major disadvantages of polypropylene properties

The major disadvantages of PP compared with other
competitive thermoplastics are evident from Taldd). It can be
seen that PP has significantly higher mould shgekahigher
thermal expansion and lower impact strength, paerty at sub-
ambient temperatures, than HIPS, PVC and ABS. HewdP has
lower mould shrinkage and thermal expansion cdefiic than
HDPE and LDPE. Poor UV resistance and poor oxidativ
resistance in the presence of certain metals ssiclo@per are other
disadvantages of PP. As any semi-crystalline nateRP also
suffers from high creep under sustained load inpaomon to an
amorphous plastic such as ABS or PVC (Clive Maikeresa
Calafut, 1998).

Other disadvantages of PP are difficult solvert adhesive
bonding, poor flammability, warpage, limited traasgncy; poor
wear properties, unsuitability for frictional apaiions and poor
resistance to gamma radiation. However, most ofsehe
disadvantages could be overcome, either completely a certain
degree, by proper selection of material, sensielsigh and good
processing. The processing of PP by thermoforming hlow
molding is difficult. Vacuum forming of PP is alsifficult.

Table (2.2) Comparison of unmodified PP with ottmatterials-2

Property PP LDPE | HDPE | HIPS | PVC | ABS
Mould shrinkage (%) 1.9 3.0 3.0 0.5 0.4 0.6
Thermal expansion (x19 | 10 20 12 7 6 8

Notched Izod impact
strength (kJ/m) at 2€

0.07 >1.06 0.15 0.1 0.0§ 0.2
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PP is not hazardous to health; however, it canaselevolatile
organic compounds (VOCs) into the surrounding airirgy high-
temperature processing. Workers at the procesdiagt gan be
subjected to these VOCs through inhalation or skintact. Good
ventilation using exhaust fans can minimize theosxpe. Residual
monomer and catalysts present in the resin caraserthe toxicity.
2.1.4 Applications of Polypropylene

PP should really be considered a group of polymestjust
a single polymer. Because the properties of PPsrcasubstantial
range, the applications of PP are quite diverseckKet al.,
2013).This, of course, belies the usual classibcabf PP as a
commodity resin. Organizing a discussion on appboa is
challenging because the question arises as to ethsimilarity of
uses or similarity of the fabricated products anikirity of the
fabrication techniques should be used as the iomidor arranging
information. None of the methods is perfect. Hdre material is
organized in a fashion that intertwines these,itsgems logical to
the authors based on our experience. The most teagor
applications of PP are:
2.1.4.1 Fibersand Fabrics
A great volume of PP finds its way into an areat thy be
classified as fibers and fabrics. Fibers, whichaklp speaking
include slit film or slit tape, are produced in ais kinds of
extrusion processes. The advantages offered bynElade low
specific gravity, which means greater bulk per givweight,
strength, chemical resistance, and stain resistéidoek et al.,
2013).
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Figure (2.3) Polypropylengon-woven fabric

2.1.4.2 Strapping

Strapping is similar to slit film but thicker, bgiron the order of 20
mils. As the name implies, strapping is used tousedarge
packages or boxes or to hold stacks togetherkéstéhe place of
steel strapping, and its most important property stsength,

although the moisture resistance of PP is also rapoitant

attribute. It is produced from either direct extomsor from sheet
that is slit. Uniaxial orientation is applied by aging.

Homopolymer resins of low MFR (between 1.0 and /B min)

are used for this application (Kock et al., 2013).

Figure (2.4) Polypropylene strapping
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2.1.4.3 Film
By definition, film is less than 10 mils thick. Tteeare two broad

classes of film are cast film and oriented filim cast film
processes, polypropylene is extruded through antieea chill roll
and the resulting film is eventually taken up omawng equipment.
Cast film is essentially unoriented but is stilrfiaclear because of
the quench cooling that occurs. Film thickness lguanges
between 1 and 4 mils. An important feature of ddst is its
softness and lack of cellophane-like crispnesshBatmopolymer
and random copolymers are used in cast film, theRMhRost
commonly being around 8 g/10 min. Random copolyntgve
slightly clearer, softer, and more impact-resisti#nt. In case of
biaxially oriented polypropylene film. There areawnethods are
widely used for producing biaxially oriented PP (B®) film. One
Is the enter process, and the other is the tulmul@ubble process.
In both, homo polymer of about 3g/10 min MFR is masdely
used (Kock et al., 2013).

Figure (2.5) Polypropylene film
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2.1.4.4 Sheet

Sheet is an extruded product that is greater tBamiin thickness
(below this the product is identified as film), 48nbeing typical.
Resin is extruded through a die and passes thrauggoling roll

stack and conveyed to nip rolls, after which she&tound on rolls
or cut and stacked or conveyed directly to a théomaing

machine.

Figure (2.6) Polypropylene sheet

2.1.4.5 Automotive

Polypropylene has a large presence in cars and wo#hécles. For
the most part, impact copolymers predominate. Qribeooriginal
uses was in battery cases; in this applicationclvigjpes back more
than 25 years, injection-molded impact copolymetpied black,
replaced black hard rubber. Now, cases of otheorsoand of
natural translucent material are the norm. Anotlbeg-standing
use of PP in a car has been for heat and air ¢onhg ducts,
which are mostly unseen. Fan blades of variousstgpe produced
from filled (usually with talc) PP.

Figure (2.7) Polypropylene Fan blades
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2.2 Linear low density polyethylene (LLDPE)

2.2.1 Polyethylene (PE)

Polyethylene is virtually defined by its very naa® a polymer of
ethylene produced by addition polymerization, Imgalymers with
the formula (CH), have also been prepared by condensation
reactions. Commercially, polyethylene is producesh ethylene,
the polymer being produced by this route in Mar@83 and
reported verbally by Fawcett in 1935.The basic matelating to
the polymerization of ethylene was applied for 1346 on 4th
February 1936 and accepted on 6th September 198il thé mid-
1950s all commercial polyethylene was producedigi pressure
processes developed from those described in the jpaignt. These
materials were somewhat branched materials and aderate
number average molecular weight, generally less t6&,000.
However, about 1954 two other routes were developed using
metal oxide catalysts (e.g. the Phillips processy ghe other
aluminum alkyl or similar materials (the Ziegleopess).’ By these
processes polymers could be prepared at lower t@&tyse and
pressures and with a modified structure. Becausethefse
modifications these polymers had a higher dengigre harder and
had high softening points. These materials are knas high-
density polyethylene (HDPE), while the earlier miatls are known

as low-density polyethylene (LDPE).

o
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Figure (2.8) Polyethylene polymer molecules
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At the end of the 1970s considerable interest dges in what
became known as linear low density polyethyleneddPE) which
IS intermediate in properties and structure tohigh pressure and
low pressure materials. While strictly speaking stheare
copolymers it is most convenient to consider thdomgside the
homopolymers. The LLDPE materials were rapidly atee by
industry particularly in the manufacture of filmh& very low
density polyethylene (VLDPE) introduced by Unionrkide in
1985 were closely related. During the 1990s theas enormous
activity in the development of a further type ofymthylene based
on metallocene catalysis methods. One patent seavealed that
over 950 patent applications had been filed onsthigect by the
summer of 1996 and has since shown no signs ofingbat
Commercial production commenced in the late 19903 i& is
estimated that in 2000 metallocene-catalyzed poyene will
comprise about 2 % of the total polyethylene marketis is
somewhat less spectacular than achieved by LLDREraftects
the fact that although these materials may haveynsperior
properties in the finished product they are moneeasive than the
traditional materials and in some respects morfecdif to process.
Whereas the metallocene polymers can be of LDPB)RE and
HDPE types it is anticipated that LLDPE types (refd to as
MLLDPE) will take over 50 % of the market; mainlgrffilm
application. By the mid- 1990 s capacity for polydene
production was about 50,000000 t.p.a, much grehtar for any
other type of plastics material. Of this capacibpat 40 % was for
HDPE, 36 % for LDPE and about 24 % for LLDPE. Sirtken
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considerable extra capacity has been or is in twse of being
built but at the time of writing financial and e@mic problems
around the world make an accurate assessmentectie& capacity
both difficult and academic. It is, however, appare¢hat the
capacity data above is not reflected in consumptibthe three
main types of material where usage of LLDPE is mdwhe same
order as the other two materials. Some 75 % ofHB¥E and
LLDPE produced to use for film applications and @tb60 % of
HDPE for injection and blow moulding. Polymers oW molecular
weight and of very high molecular weight are alsailable but
since they are somewhat atypical in their behavibey will be
considered separately (J. A. Brydson, 1999).

2.2.2 Making LLDPE and M etallocene Polyethylene

Over the years many methods have been developendar to
produce polyethylene with short chain branchesnoutong chain
branches. Amongst the earliest of these were sepsoaperated by
Du Pont Canada and another developed by Phillg, in the late
1950s. More recently Union Carbide has developeghs phase
process. Gaseous monomers and a catalyst are fadluad bed
reactor at pressures of 100-300if5 (0.7-2.1 MPa) at
temperatures of 100 °C and below. The short bramahe produced
by including small amounts of propene, but-1l-enex-b-ene or
oct-I-ene into the monomer feed. Somewhat similadpcts are
produced by Dow using a liquid phase process, thibtegbe based
on a Ziegler-type catalyst system and again usiglen alkenes to
introduce branching. There has been recent interése use of the

Dow constrained geometry catalyst system to prodinear low-
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density polyethylene with enhanced properties hagadicularly,
on ethylene and oct-l-ene. LLDPE materials are agailable in a
range of densities from around 0.900 gidar VLDPE materials to
0.935 g/cm for ethylene-octene copolymers. The bulk of materi
are of density approx. 0.920 g/tmsing butene in particular as the
co-monomer (J. A. Brydson, 1999).

In recent years the market for LLDPE has increased
substantially and is now more than half the tatalfDPE and for
HDPE. Mention has already been made of metalloearatalyzed
polyethylene. Such metallocene catalysts are transimetal
compounds, usually zirconium or titanium, incorgedainto a
cyclopentadiene based structure. During the lat@049several
systems were developed where the new catalystsd coel
employed in existing polymerization processes faodpcing
LLDPE-type polymers. These include high pressutecave and
solution processes as well as gas phase processdse present
time it remains to be seen what methods will becpneglominant.
Mention may also be made of catalyst systems basedon and
cobalt announced in 1998 by BP Chemicals working in
collaboration with Imperial College London and, aegtely, by
DuPont working in collaboration with the Universityf North
Carolina. The DuPont NNC catalysts are said to heeth on
tridentates pyridine bis-imine ligands coordinated iron and
cobalt. These are capable of polymerizing ethylrew pressures
(200-600 psi) yielding polymers with very low bréamag (0.4

branches per 1000 carbon atoms) and melting pasmtsgh as 139
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°C. The BP/ICL team claims that their system presidhany of the
advantages of metallocene but at lower cost.

2.2.3 Propertiesof LLDPE
The present position of polyethylene as a genemalpgse
thermoplastic material is due in no small measaréhé low cost
and easy processability of the polymer. The charetics of
polyethylene which lead to its widespread use nmaglommarized
as follows:
1) Low cost.
2) Easy processability.
3) Excellent electrical insulation properties.
4) Excellent chemical resistance.
5) Toughness and flexibility even at low temperatures.
6) Reasonable clarity of thin films.
7) Freedom from odor and toxicity.
8) Sufficiently low water vapor permeability for many
packaging, and agricultural applications building.
To these could also be added the fact that a greantity of
information is available concerning the processing properties of
this material and that its properties are reasgnakell known and
understood by the public at large. The limitatiaisthe polymer
are:
1) The low softening point.
2) The susceptibility of low molecular weight grades t
environmental stress cracking.
3) The susceptibility to oxidation (however, polyetye is
better in this respect than many other polymers).
4) The opacity of the material in bulk.
5) The wax-like appearance.
6) The poor scratch resistance.
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7) The lack of rigidity (a limitation in some applicats but a
virtue in others).

8) The low tensile strength.

9) The high gas permeability.
As with LDPE and HDPE materials, there is a widegeaof linear
low-density polyethylene (LLDPESs). Primarily compige with
LDPE, the ‘linear low' materials have found rapidcaptance
because of their high toughness (at low, normal dugh
temperatures), tensile strength, elongation atkbesad puncture
resistance compared to LDPE materials of similalt ft@v index
and density (J. A. Brydson, 1999).More specificalg improved
resistance to environmental stress cracking has &ephasized by
suppliers as also has the ability to use dishwasieeclean LLDPE
kitchen utensils, a consequence of the higher ke&brmation
resistance.
The very low density materials (VLDPES) introdudadthe mid-
1980s is generally considered as alternativesastiplzed PVC and
ethylene-vinyl acetate (EVA) plastics. They have vadatile or
extractable plasticizers as in plasticized PVC ortliey have the
odor or moulding problems associated with EVA. \WhWVLDPE
materials can match the flexibility of EVA they alkave better
environmental stress cracking resistance, impreveghness and a
higher softening point. Some comparative data foWlEDPE
copolymer based on ethylene and oct-1-ene and ah iEaterial
(91 % ethylene, 9 % vinyl acetate) are given inl@&B.3).
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Table (2.3) Comparison of VLDPE and EVA (9%VA)

Property VLDPE EVA
Density (g/crm) 0.911 0.926
MFI (g/10 min) 7 9
Tear strength (N/mf) 11.4 6.1
Elongation at break (%) 710 475
Vicat temperature’C) 78 51
Low-temperature brittle poinfC) -135 -130
Hardness (Shore D) 42 32
Stress crack time (h) 600 240

2.2.4 LLDPE Processing
LDPE and LLDPE have unique rheological or melt flow

properties. LLDPE is less shear sensitive becatists marrower
molecular weight distribution and shorter chainnatang. During
shearing process, such as extrusion, LLDPE renmaore viscous
and, therefore, harder to process than LDPE ofvatpnt melt
index. The lower shear sensitivity of LLDPE allows a faster
stress relaxation of the polymer chains during wsttm, and,
therefore, the physical properties are susceptibleehanges in
blow-up ratios. In melt extension, LLDPE has lowescosity at all
strain rates. This means it will not strain harttemway LDPE does
when elongated. As the deformation rate of the qibljene
increases, LDPE demonstrates a dramatic rise gosity because
of chain entanglement. This phenomenon is not @bgemith
LLDPE because of the lack of long-chain branchingLLDPE
allows the chains to slide by one another uponggtan without
becoming entangled. This characteristic is impartéor film
applications because LLDPE films can be down gauegasily
while maintaining high strength and toughness. Timeological
properties of LLDPE are summarized as "stiff inati@nd "soft in
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extension". It is not taken in most curbside pickupcommunities.
LLDPE can be recycled though into other things ltkash can
liners, lumber, landscaping ties, floor tiles, casip bins, and
shipping envelopes (J. A. Brydson, 1999).

2.2.5 LLDPE applications

Polyethylene was introduced initially as a spegatpose
dielectric material of particular value for highefjluency insulation.
With increasing availability the polymer subseqlebegan to be
used for chemical plant and, to a small extent,Water piping.
Since World War lithere has been a considerable and continuing
expansion in polyethylene production and this, tioge with
increasing competition between manufacturers, gaslted in the
material becoming available in a wide range of gsdmost of
which are sold in the lowest price bracket for ptasmaterials. For
many purposes these limitations are not serioudsivini other
cases the correct choice of polymer, additives, cgssing
conditions and after-treatment can help considgrabhe world
capacity to produce polyethylene was of the ordesooc. 50X16
t.p.a. in the late 1990s although production tat tleael is not
expected until about 2002. By type, this markethared between
LDPE, HDPE and LLDPE approximately in the blendaa&0: 36:
24. In the early 1990 s it was estimated that tkeggaphical
breakdown for production capacity was Western Eer@p %,
North America 33 %, Japan 8 %, Eastern Europe 8&bRest of
the World 25 % (J. A. Brydson, 1999).

Major applications for LDPE film include heavy dutgcks,
refuse sacks, carrier bags and for general padcgalylany of these
uses may now be considered to be mature and fgroneth will
become more closely tied to national economic 8daona. Similar
comments may also be made about the extensive dise o
polyethylene film in the building industry. Areagpected to be
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capable of further development are shrink film food wrapping
and film for agricultural purposes. One technical/elopment in
this area is the increased use of up to 20% oflertkypropylene
rubber in LDPE film formulations. This arises frdahe improved
low-temperature properties and higher impact sttengthe blends
compared with corresponding unblended LDPE. The EDRn
market has now been partly eroded by LLDPE (J.AdBoyn,
1999). Polymerization plants for LLDPE are cheaperbuild,
easier to operate and maintain, have lower en@qgyirements and
are more versatile than the high-pressure plamstifese reasons
manufacturing costs are reduced. There are alse@ denhnical
advantages to the user since films from LLDPE havhigher
Impact strength, tensile strength and extensibilfych properties
allow the possibility of making film of lower gaudaut with the
same mechanical performance. LLDPE materials sloawei gloss,
greater haze, are less suitable for shrink film bhade a narrower
heat sealing range (J.A.Brydson, 1999). LLDPE hesepated
almost all traditional markets for polyethyleneisitused for plastic
bags and sheets (where it allows using lower tlasknthan
comparable LDPE), plastic wrap, stretch wrap, peschtoys,
covers, lids, pipes, buckets and containers, cogeaf cables,
geomembranegGeosynthetic Lining Systems, 2015) and mainly
flexible tubing. In 2013, the world market for LLEBPreached a
volume of $40 bilion LLDPE is manufactured by using
metallocene catalysts labeled mMLLDPE (Market Sti5).
2.3 Talc

Talc continues to be favored as a reinforcing rfilke PP for
automotive parts (under-the hood/bonnet, instrumantl retainers
and carriers, bumper, interior and exterior triray well as in
household appliances (Geoffrey Pritchard, 2005% Vialued for its
ability to impart high flexural modulus, heat didton temperature,
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surface hardness and impact strength, measuredtlatambient
and low temperatures. Luzenac has introduced araage of Jet
fine ultrafine talc fillers with a very high aspeettio for exterior
automotive parts. Half of all the particles havandeters of less
than one micron, and there is claimed to be extetieentation of
the lamellae during injection moulding. Borealisnarketing a new
range of Borcom micro composites with less than 1filtér,
including mostly talc but also kaolin and calciuarlmonate, with
an average particle size in the range 0.1 to 10ams; for use in
automotive products, including body panels. Talal$® recognized
as filler in plastics for sound and vibration alpgmn in the
construction industry. Nano talc is being develoged use in
automotive applications (Geoffrey Pritchard, 2005).

2.4 Calcium Carbonate (CaCO5)

In tonnage terms, calcium carbonate cempletely
dominant. The great majority of calcium carbonatesed in PVC
and to a lesser extent unsaturated polyester tlsatiig polymer
(Geoffrey Pritchard, 2005). Much of it is destinddr the
construction market or the automotive, domesticliappe and
household or consumer products industries. New iGgifmns
include packaging, especially medical and pharmiacdu
packaging, biaxially oriented PP film, flexiblerfil and injection
and blow moulded articles. Research and developnsebeing
targeted at calcium carbonates that produce toughar and
makes mouldings without reducing their tensile reitb or
resistance to tearing. There is also a desire ppawe the barrier
properties of calcium carbonate-filed LLDPE film®©mya
markets a fine activated white marble powder calladya film
728B for making white film, including microporougdathable
film. (Microporous breathable film consists of polgfin film,
highly filled to 50 to 70% w/w with calcium carbdea usually
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marble for whiteness, such that when the film i®tshed, the
filler particles introduce small voids to allow bthability.) The
main applications are in hygiene products such appies
(diapers), adult incontinence pads and disposadbtaicg. Other
Omya grades aim at high water vapor transmissiombazed with
resistance to water pressure. Breathable film dam lae used in
construction for films that are inserted under roles, and in wall
coverings. Omya film is claimed to give high filnxteusion
speeds, with less frequent changes of screen phlcksicultural
film can have its optical characteristics modiftedmineral fillers
(Geoffrey Pritchard, 2005).
2.5 Previous wor ks of Polypropylene general properties

Polymer composition have continued to attract egefrom
researchers due to inherent benefits from workintf wolymers,
which are ease of processability and productivetymbined with
the addition of filler and other additives, canrsiigantly alter the
base polymer properties resulting in a low-cost emak with
potentially very useful properties (Rumer FranzlP0Luciana
Castillo et al., 2012). Nevertheless, incorporatbdfiller and other
additives in a polymer will affect the melt rheoilcg) behavior of
the compound which will be critically important ohefining the
process ability of the polymer compound. The immoce of
identifying the melt rheological behavior is notdéy several
workers such as composition of Polypropylene (P&hylene
propylene diene monomer (EPDM) and zinc dimethatey(Chen
et al., 2013). Furthermore, this behavior importamtstudy the
mechanism by which addition of filler influencesetloriginal
polymer and to determine those combinations in wisiach affect
occurred (Shri Kant et al., 2013)

Polypropylene (PP) is a versatile thermoplastiderofg a
useful balance of heat (160°C) and chemical rewista good
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mechanical and electrical properties and easy psing. Besides
PE and PVC, PP is the third commodity polymer poeduand
applied in large quantities. Crystalline polymefgmpylene were
first described in the literature in 1954 by G.Mathnd his
associates at the Chemical Industrial Politechicéilano (Arun
Kumar et al., 2012). Earlier efforts to initiate opylene
polymerization had only resulted in non crystallipelymers of
little or no importance. With the introduction okterogeneous,
stereospecific catalyst discovered by K. Ziegler tbe low-
pressure polymerization of ethylene, the scene enlgdchanged.
These reactions are products of transition metalpounds with
selected organometallic compounds contained acsies for
polymerization, such that each new propylene mdéecnas
incorporated in the polymer chain in a regular, gewic manner
identical to all preceding methyl groups. Threergetsic forms of
the PP chain can be obtained. Natta classified teem

1. Isotactic: All methyl groups aligned on one sideh@ chain.

2. Syndiotactic: Methyl groups alternating.

3. Atactic: Methyl groups randomly positioned.
Both isotactic and syndiotactic forms will crysiaél when there are
cooled from molten states. Commercial injection dma and
extrusion grade PP are generally 94 to 97% isatdesbricated parts
are typically 60% crystalline, with a range of gugral spherulite
forms and sizes, depending on the particular mddeystallization
from the melt. Atactic polypropylene is not suitedstructural plastic
uses, have been developed as modifiers in hotadbksives, roofing
compounds, and communications cable-filler gels.cBP be made
into a multidimensional range of products with prdms and
characteristics interdependent on:
* Type of polymer (homopolymer, random, or blockakymer).
» Molecular weight and molecular weight distribuio
» Morphology and crystalline structure.
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» Additives.

* Fillers and reinforcing materials.

* Processing techniques.

Homopolymer have resistance to deformation at &belva
temperatures, while high stiffness, tensile striengfirface hardness
and good toughness can be observed at ambient rztommses.
Random ethylene-propylene copolymers are charaetériby
higher melt strengths. They have good clarity aesistance to
impact at low temperature, gained at some sacrificstiffness,
tensile strength and hardness. Block copolymersfepably with
ethylene, are classified as having medium, high,exira-high
impact strength with particular respect to sub-zermperatures.

2.6 Thermal properties of polypropylene

Almost all plastic have a high heat capacity (sfebieat). At their
normal moulding temperatures the total heat conténplastics
compare with the heat content let say 20°C, cagréater than zinc
or brass at their melting points. This heat conédways referred as
enthalpy. This heat content can be put into thstiglaas well as
being taken out and the former process takes pktcedinder and
later in mould. Figure (2.8) plots the enthalpysafime plastics,
including polypropylene, against temperature. lis figure, it is
shown that crystalline materials such as polyprepyl and
polyethylene have heat content exceed 50cal/g (Kumar et al.,
2012).
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Figure (2.9) Enthalpy of some plastics against tnafure

Therefore the understanding of material's thermalpgrties is

necessary for the selection appropriate procesmasfufacturing.

The thermal properties of polypropylene are statedable (2.4)
Table (2.4) Thermal properties of polypropylene

Thermal properties of Polypropylene Values
Thermal conductivity (Wm-K) 0.1382
Processing temperaturé€y 200-250
Onset decomposition temperaturés)( 280
Thermal diffusion constants freec”) 0.9 x 10
Specific heat 0.46
Mould temperature’C) 30-80
Thermal diffusivity (ni °c™* sec ™) 6.5 X 10°

Quote an example, a research about thermo mechanica
environment and the microstructure of polypropyldmes been
carried out. Such as Arun Kumar et al (2012) sulidre effect of
surface treated sisal fiber on the mechanicalmbgrflammability,

and morphological properties of sisal fiber (Skihi@ced recycled
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polypropylene (RPP) composites was investigated h@vslilmi
Othman, 2008). The surface of sisal fiber was medifwith
different chemical reagent to improve the comphiyowith the
matrix polymer. The experimental results revealedngprovement
in the tensile strength and impact strength sigadrfreinforced
recycled Polypropylene (RPP/SF) composites, res@dgt as
compared to RPP. The thermo gravimetric analysiSA)T
differential scanning calorimeter (DSC), and heatflettion
temperature (HDT) results revealed improved therstability as
compared with RPP. The flammability behaviour eited SF/RPP
composites also was studied. The morphologicalyarsathrough
scanning electron micrograph (SEM) supports impsosarface
interaction between fiber surface and polymer matri

Another research work Akira et al (2013) about thermal
properties of polypropylene concluded a processpfoducing a
polypropylene-based material is provided with whicts possible
to improve the heat resistance of a polypropyleasetd material
.The process for producing a polypropylene-basediemmad
comprises the melting step in which a polypropgtbased
material is melted at a temperature that is highan [(melting
peak temperatureyJof the polypropylene-based material measured
by DSC +5°C] but not higher than [(melting peak temperature
T.)+80°C]; and a heat treatment step in which the polygleye-
based material melted in the melting step is heatt¢d at a
temperature that is [(melting peak temperature Zf)-°C] or
higher but lower than [(melting peak temperature)-T®°C] Akira

et al (2013). Also one of the researches is a popylene
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composition Kristin et al (2013) studied comprisiagmonomer
units derived from ethylene in an amount of frord @it% to 25
wt%, and from at least one C5-12 alpha-olefin inaamount of
from 1.0 mol% to 3.0 mol%, wherein the polypropyen
composition has an amount of xylene soluble XS tofeast 20
wt%, and the xylene soluble have an amount of ettedderived
comonomer units of from 4 wt% to 50 wt%. The seawbkained
improving on sealing and thermal properties of padpylene.
2.7 Mechanical properties of polypropylene
2.7.1 Impact strength of polypropylene

Plastic products are exposed to many impact enemint
during their service life. Recently a comprehengieeew of the
many factors that influence impact resistance amderchine
toughness of a fabricated or molded part subjetdean end-use
application were carried. Toughness is defined asasure of the
ability of material structure or molded part to erelthe application
of a sudden applied load without experiencing [tfee”. The
toughness of composites, based on semi crystafi@ses for
engineering applications, is of major concern inetimg finished
product requirements necessary for good performaticg strain
rates, low temperatures, and the presence of sisess often lead
to brittle failure of materials even though theyhaee in a ductile
manner at low strain rates or higher temperatubesing early
plastic product development, the commercial sucaashigh-
impact polystyrene (HIPS) and acrylonitrile-butamhestyrene
(ABS) led to the development of a whole new grodiprubber
toughened plastics. Since then, about 80% of btkrmlefilled
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thermoplastics are compounded with some type ofifreodo give
products having improved impact resistance durimgrtservice
lifetime. Indeed, toughness enhancement of thenpedymatrix has
become a major new field of polymer science ancery often the
decisive characteristic used in material selectoora large variety
of applications (e.g., automotive, home applianas)struction,
utilities, and sporting goods). Because impact fincation of PP
blends and composites represents an importantchreammercial
interest, materials scientists seek a fundamentdénstanding of
the mechanisms underlying fracture failure procegb®ck et al.,
2013). Most of these mechanisms also operate ingaepolymers;
however, the incorporation of a secondary phaseoonponent
alters their modus operandi or introduces impabbb®r that does
not occur in the neat polymer. Combinations of H&h Wilers or
thermoplastic blends affect the balance of stifnesid impact
resistance. The challenge to product design is hovattain a
favorable balance of properties that suit the paldr end-use
application. Rather than depending on guesswoed#évelopment
of cost-effective formulations requires guidelinesed on proven
hypotheses of impact fracture mechanisms.

There are many researches work about impact
polypropylene has been conducted. One of them ise doy
G.Karian et al (2003) studied polypropylene/poly&the blends as
models for high-impact propylene-ethylene copolysneRelation
between composition and mechanical performance. rékaion

between composition and mechanical performance sérees of
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binary polyolefin blends was studied in this adidG.Karian,
2003).

There are still many works that involve impact pdjes of
polypropylene material, which are still ongoing.cBwas Shri Kant
et al (2013) titled improve the mechanical promsrtof PP/talc
composites by grafting acetoxy groups onto the saldace. The
study disclosed reduction in particle size and ease in
hydrophobic character, improves particle dispersind interfacial
adhesion in these composites. Incorporating matliiééc leads to
significant improvements in yield strength, elongatat break and
toughness, although the effect on the modulusss pronounced
(Shri Kant et al., 2013).

2.7.2 Scratch resistance of polypropylene

The use of polypropylene is expanding at an inangasate
in the fields of exterior and interior automotivents, in electrical
equipment device housing and covers as well asemold and
personal articles. However polypropylene is poormadequate in
heat resistance, stiffness, scratch resistancanapalct resistance.
These deficiencies are obstacles in opening upapphcations for
polypropylene, particularly applications which hatraditionally
been injection molded. In order to overcome thdswtsomings,
especially inadequate impact and scratch resistgotgpropylene
has been blended with a rubbery elastic materieth @15 ethylene
propylene copolymer rubber, ethylene propylene-@lieapolymer
rubber or ethylene butene copolymer rubber androdidditives
(G.Karian, 2003). For example, Cornelia et al @0bbtained
improve scratch resistance polypropylene at higtv fbf Injection
molded article comprising at least 60wt % of a retphasic
propylene copolymer at least three polypropyleraetions, the
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three polypropylene fractions differ from each otlhg the melt
flow rate and at least one of the three polyprapgl&actions has a
melt flow rate in the range of 1.0 to 20.0 g/10mand an
elastomeric propylene copolymer dispersed in maivherein said
hetero phasic propylene copolymer has a melt flae of equal or
more than 20.0 g/10min and the amorphous phaskeokylene
cold soluble fraction of the hetero phasic propglenpolymer has
an intrinsic viscosity of equal or higher than 2ill)g. Another
example for improve scratch resistant polypropylenBham et al
(2013) disclosed the polypropylene substrate is ifmstance
polypropylene homopolymer or TPO. Component is ifmtance
maleated polypropylene or the reaction productrofilpha-olefin
and maleic anhydride. The fatty acid amide is f@tance stearyl
erucamide or oleyl palmitamide. The molded parés ;antable for
automotive parts. The molded parts also advantaeaontain
filler, for example talc.
2.8 Polypropylene rheology

Polypropylene is formed into articles almost exislely by
melt processes that rely on the flow of the meltedterial at
elevated temperatures. Injection molding, blow rimgdextrusion,
and thermoforming are all examples of melt procegsiAn
understanding of melt flow is essential for succesth these
processes. The study of the flow of materials idiclg that of
polymers is known as rheology. The rheology of erriioplastics
melt is complex, being very dependent on tempegatund shear
rate. This means that the melt viscosity the chiaratic that makes
flow easy or difficult can vary widely in the metbndition. The
two key points about the flow of thermoplastics dhat the
behavior is non-Newtonian and that viscositiesvary high (Kock
et al., 2013).
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Figure (2.10) Viscosity curves for polypropylene

These characteristics are dictated by the long npety chain
molecular structure of the materials. One practomaisequence is
that considerable force is required to make a igkastelt flow into
a mold or through a die. This explains why plasticecessing
machinery and molds must be so robust and areyco$t
understand and control melt processes, it is nacg$s define the
way in which melt viscosity changes with temperatand shear
rate. The shear rate is a measure of how fast thie passes
through a channel or orifice. One of the researchissut flow
properties of polypropylene are done by Katja et (2014)
concluded use additives mixture containing linealypropylene
and at least one additive in a polypropylene cortipos
comprising additive mixture and a branched polyglepe to lead
to reduce the gel index of polypropylene compositidnother
work related to flow properties of polypropylene is kas et al
(2013) concluded that polymer composition of a plepe
copolymer and a high density polyethylene, whemamposition
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has a MFR of at least 25.0 g/10min and propylemiymer has a
xylene cold soluble content in the range of 7.0 to below 20.0 wt%;

a comonomer content in the range of 3.0 to 12.0 wt%; a shear
thinning index (SHI 0/50) of at least 7.5; wherein further the xylene
cold soluble fraction of the propylene copolymes laacomonomer
content in the range of 25.0 to 45.0 wt%.

2.9 Polypropylene mor phology

By using Ziegler-Natta catalysts, polypropylene )Rfas
been produced from monomer of propylene. When coadte
temperatures below the melting point (the crysation
temperature), polypropylene molecules associatdoton supra
molecular structures. Polypropylene is a semi atlse polymer;
varying degrees of crystallinity and different tgpef crystal
structures are possible, depending on the steremichl structure,
the processing or crystallization conditions, ahd presence of
additives. Crystallinity arises from the stereo ulagty in the
molecular structure; occasional irregularities sashbranching or
tail-to-tail addition during polymerization or theresence of
copolymers Ilimit the extent of crystallization. Ate
polypropylene, with its random, irregular molecuktructure, is
predominantly amorphous. Semi crystalline polymeave high
strength, stiffness, and density and sharp meltipgints.
Amorphous polymers are tough and ductile, with bBrghmpact
strength, lower density, and lower haze. Propertas a
polypropylene resin can be adjusted, depending @mtegsing
conditions and catalysts, by varying the level g&tallinity in the
polymer (Kock et al., 2013).

The usefulness properties of polypropylene and its
copolymers make this polymer become an excellewicehfor
many applications such as house ware, automobhits, gEackaging
products, laboratory ware, hospital ware, toys,rtspand others
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(Arun Kumar et al.,, 2012). As the previous exampleich the
mechanical, thermal, flammability, and morpholoymaperties of
treated sisal fiber (SF) reinforced recycled pabygylene (RPP)
composites was investigated (Moho Hilmi Othman, &00rhe
morphological analysis through scanning electrorcrogiraph
(SEM) supports improves surface interaction betwidmsr surface
and polymer matrix. Another research about the maggy of
polypropylene is done by Simon et al (2013) obt@ilbdends of
polypropylene homopolymer and propylem®lefin inter polymer.
Process of producing polymeric compositions compgisontrol-
cooling heated blends of polypropylene and promAeolefin
inter polymer. Such polymeric compositions can b#leyed in
forming coated wires and cables.
2.10 Literaturerelated to present work
2.10.1 Polypropylene compounds

Polypropylene (PP) compounds have been used ire larg
guantities in numerous fields of applications faany years. The
success of PP compounds lies in its extremely ddganus
price/volume/performance relations, with the resuthat
polypropylene  composition successfully penetrategeldd
traditionally occupied by other engineering plastiaterial such as
ABS and nylon. Considerable efforts have been madsxtiend the
application of polypropylene composition to fieldahere
engineering thermoplastic have been used. Pantiguia the
automotive industry for the production of bumperseater
housings, door pockets and trimmings, timing belters cladding.
Other common fillers include Calcium carbonate,likaanica and
carbon black, while glass fiber is still one of tm®st commonly
used fibrous reinforcements in polypropylene (Naura Abdul
Rahim et al., 2010).
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2.10.2 Talcfilled polypropylene

Throughout the years, research has been intengjoatyg on
which various publications on the use of polyprepy as base of
compounds, coupled with other polymers, variousesypof
modified as well as unmodified fillers and reinfencents could be
found in abundance in almost every polymer journal.
Comprehensive studies, which concentrate on acpéati property
of filled polypropylene, have been done consistarahfillers and
commonly used are talc, calcium carbonate, kaaglilagnesium
carbonate, silica, alumina, titanium dioxide anataniExample of
these studies Chi-Ming chan et al (2001) disclaséa filled with
polypropylene improve the mechanical and thermaberties of
polypropylene. Also study the effect of polymeradéives on the
rheological properties of peroxide and metal sad#ated of
polypropylene/EPDM blend concluded that additionnudtal salt
improve crystallinity and mechanical propertiespolypropylene.
The impact properties of filled polypropylene corspes were also
tackled by several workers such as Nor Azura AliRlathim et al
(2010) concluded that the addition of calcium cadies improve
the physical characteristics of polypropylene.
2.10.3 Polypropylene blend

Generally, crystalline poly olefins such as highnslgy
polyethylene (HDPE) and polypropylene have beemdsd with
low modulus/elastomeric polyolefin's such as low nsiy
polyethylene (LDPE), Poly isobutylene, in orderiboprove the
toughness. Hence toughened polyolefin has tradilipoonstituted
the major volume of polyolefin blends used comnuadlgi
(L.A.Utracki, 2002). Most of the toughened polyateblends are
simple mechanical mixtures of polyolefin's and wief elastomers
melt blended in an extruder without a compatibilizeowever,
recent advances in polymerization technology hdswall the

38



production of toughened polypropylenes, through usatal
polymerization of ethylene-propylene copolymer i FPnatrix
leading to blends with some block or graft copolyre&hibiting
somewhat improved modulus/toughness balance. Anaotrent
development in polyolefin blends is the technolagfydynamic
vulcanization by which an elastomer is dispersed @mred in the
matrix of the thermoplastic polypropylene (L.A.Utka 2002).
2.10.4 Polypropylene/L L DPE blend

Polypropylene/polyethylene (PP/PE) blends are amtong
polymer blends that were studied by various resegisc(Zhang X.
M, Ajji A, 2005). The different types of polyetlenie, especially
LDPE, HDPE and linear low density polyethylene (LRB) were
used to modify the physical and mechanical behaviob
polypropylene by forming physical blends (Ogah,ukiva, 2012).
The interest in polypropylene and polyethylenepscHically due
to the fact that both these polymers are widelydus® important
engineering materials in the automotive, electreggpliances and
packaging industries due to their excellent propertsuch as
rigidity and stiffness, oil resistance and theierthal stability.
Apart from these good properties that polypropylemess, its
applications are often limited due to its low impatrength and
Young’s modulus, particularly at low and high temgiare loading
conditions. These polypropylene drawbacks can besiderably
improved by blending polypropylene with other pobms (Wang Y
et al, 2002). Blending of polypropylene and diier
polyethylene's largely depends on the miscibilityimmiscibility
of the two components. Polypropylene, LDPE or HDREe

generally considered immiscible in the whole conpms range
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and shows a remarkable phase separation during
cooling/crystallization (Gonzalez J et al., 201Qh the other hand,
blend of PP and LLDPE are considered to be comlgaiibthe
liquid state (Long Y et al., 1996). However, PP/LRID miscibility
Is restricted by the processing conditions, contmwsiand high
temperatures. If a blend of PP and LLDPE is codien a
miscible melt it may separate into two phases tegulin an
immiscible blend (Yi Liua et al.,, 2013). The meheblogical
properties of PP/LLDPE were also investigated bsess workers
such Abu Yi Liua et al (2013) obtained blendingLaDPE/PP in
improved compatibility between LLDPE and PP phasesde the
pseudo plastic behavior of the melt decrease amantit viscosity
and the balance torque increase slightly. Moreawethe range of
high shear rate, the die-swell ratio of the bleddsreased with
increasing LLDPE/PP content.

Also D. G. Dikobe et al (2010) investigated the haatucal
and thermal properties of polypropylene and linkav density
polyethylene were studied such as the effect okeimanhydride
grafted polypropylene (MAPP)/LLDPE blend and the
morphologies, as well as mechanical and thermglepities, of the
blends and the blend composites. The MAPP/LLDPEdMIland
composites showed better properties than the PRAH.Blend and
composites as a result of the stronger interfactataction between
MAPP, LLDPE and wood powder. There are still marorke that
involve the characterization of PP/LLDPE blend. Feotample
Ghalia et al (2011) investigated PP/LLDPE (60/40)ddferent

fraction of calcium carbonate (0-40%).The resultfigated that the
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increase in LLDPE contents lead to decrease thsil¢emnd
flexural properties while the impact resistanc&BfLLDPE blends
increase. However the increase in Cg@@ounts lead to increase
both flexural strength and modulus. In the secaam @f that study,
apparent viscosity of PP/LLDPE blends is affected LbhDPE
contents due to lack of matrix reinforcement. Oa dther hand,
incorporated of CaCfQ into PP/LLDPE blends (60:40) has
successfully increased the viscosity while CaCiteated by
aminopropyltriethoxy (AMPTES) coupling agent enhesicthe
rheological properties. In the third part of thasearch, thermal
properties were studied. Thermogravimetric analygiscated that
the total weight loss of PP/LLDPE/Cag@omposites decreases
with increasing CaC®loading. Heat deflection temperature of
PP/LLDPE blends increases at all Cad@ading.
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Chapter three

M aterials and M ethods

3.1 Polypropylene (PP)

Table (3.1) shows the specifications of Polypropgleproduct
supplied by Khartoum Petrochemical Company (KPGjaay, in
powder with the following particulars:

Table (3.1) Specifications of Polypropylene KPC 114

Trade name KPC Polypropylene (PP 114)
Density 0.910 g-cm

Melting point 230 °C

Melt flow index (MFI) 30 g/10 min (230°C, 2.16 kg).
Tensile stress at Yield 27.5 MPa

Flexural Modulus 950 MPa

Izod impact resistance 20 J/m

Heat deflection temperature (HDT) 71 °C

3.2 Linear Low Density Polyethylene (LLDPE)
Specification of LLDPE in present work supplied ®4BIC (Saudi
Arabia) blow moulding grade in pellets with the ldoving

particulars in table (3.2):

Table (3.2) Specification of SABIC LLDPE

Trade name LLDPE-218N
Density 0.918 g-cm
Melting point 190 °C
Melt flow index (MFI) 2 9/10 min (190°C, 2.16 kg)\
Melt temperature 185 -205 °C
Tensile stress at Yield 12 MPa
Flexural Modulus 260 MPa
Dart Impact Strength 59
Vicat Softening Poir 98°C
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3.3 Talc and Calcium Carbonate

Talc and calcium carbonate used on experimentpredfent work

as additives (fillers) in powder form (white powjler

3.4 The Methods

3.4.1 PP/LLDPE blends

In the experimental study, blends of PP/LLDP wereppred

according to the required compounds as 90/10, 8030, 60/40
and 50/50 to make up a total of 300 g. The sampkre prepared
in injection moulding machine at 180 °C — 220 °GeTprocessed
samples were allowed to cool at room temperaturd8dours and
50 £ 5 % humidity. Then different tests were catraut such as
flexural modulus and impact resistance as mechbanest. In

addition heat deflection temperature (HDT) as tredr@st. Finally,

the melt flow index (MFI) of the blend has beenedetined as
rheological test. The formulations of blends toduoe PP/LLDPE
blends are shown in table (3.3).

Table (3.3) Formulations of PP/LLDPE blends

Sample Materials
No PP (wt %) LLDPE (wt %)
1 90 10
2 80 20
3 70 30
4 60 40
5 50 50

3.4.2 PP/LLDPE/Talc/CaCO3; compounds

Also in experimental study, four different talc aoalcium
carbonate concentrations were added to PP/LLDPHE3QyGoy
weight to produce composites make up a total of 4&gn table
(3.4). The samples were prepared in injection magldnachine at
180°C - 220°C. Then the impact resistance, hardiests were
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carried out as mechanical tests. The melt flow xn{(dFI) and
melt density has been determined as rheologicd.besaddition

density test has been determined.

Table (3.4) Formulations of PP/LLDPE compounds

Sample Materials

No PP LLDPE Talc CaCQ
(wt %) (wt %) (wt %) (wt %)

1 70 30 - -

2 56 24 20 -

3 56 24 - 20

4 56 24 10 10

5 42 18 20 20

3.4.3 Testing methods
3.4.3.1 Flexural test

The flexural test of the blends was carried outaddounds
field universal testing machine according to theTASD790. A
computer was connected to the Hounds field loadtl aiadl data
acquisition program recorded the force measurethbyload cell.
Test specimens were molded in a size of 12.7 mmdtfyiand 3.2
mm (thickness). Prior to the test all specimensewapt at room
temperature at least 48 h and 50 £ 5 % humiditycdloulate the
flexural stresso; expressed in megapascals, using the following

equation:

_ 3FL
" 2bh2

of (3.1)
Where

F =is the applied force, in newton;

L =is the span, in millimetres;

b = is the width, in millimetres, of the specimen;

h=is the thickness, in millimetres, of the specimen.
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For the measurement of the flexural modulus, cateulthe
deflections s and s, which correspond to the values of flexural
straing; = 0.0005 andy, = 0.0025, by the following equation:

s; = % (i=12) (3.2)
Where
s =is an individual deflection, in millimetres;
&i = IS the corresponding flexural strain.
L =is the span, in millimetres;
h=is the thickness, in millimetres, of the specimen.

Calculate the flexural modulug expressed in megapascals, using
the following equation:

Of2—0f1
E, =L~
sz—Efl

(3.3)
Where

o = IS the flexural stress, expressed in mega Pasoaasured at
the deflection g

op = is the flexural stress, expressed in mega Pasoaasured at

the deflection s

Figure (3.1) Instrumented flexural test device
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3.4.3.2 Impact test

Izod impact strength values of the blends were uatad
with a Resil impact test instrument according te ASTM D256
test procedure at room temperature. Izod impads t&gecimens
were molded in a size of 12.7 mm (width), 3.2 mimcness) and
notched width 10.20mm. Prior to the test all speciswere kept at
room temperature at least 48 h and 50 + 5 % huyni@id calculate
the lzod impact strength of notched specimeng, expressed in
kilo joules per square meter, with notches N = ABgrusing the
formula:

ay = % x 103 (3.4)
Where
W = is the corrected energy, in joules, ab-sorbed reyaking the
test specimen,;
h=is the thickness, in millimetres, of the test spen;
by = is the remaining width, in millimetres, at the ctobase of the

test specimen.

Figure (3.2) Resil Impactor machine
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3.4.3.3 Heat deflection temperature (HDT) test

The thermal properties of the blends were evalgatinough
HDT test. The test was carried out on a Ceast rtesgechine
according to the ASTM D648. The tests specimen waslded in
a size of 12.7 mm (width), 3.2 mm (thickness). Ptothe test all
specimens were kept at room temperature at leaktat@ 50 + 5
% humidity. In the three-point loading method enyeld in this
International Standard, the force applied to th& specimen is
given, in newtons, as a function of the flexuraéss by one of the
following equations: For the preferred (flatwis@spgion:

207 b h?
3hn

F = (3.5)
Where

F =is the load, in newtons;

o; = is the flexural stress, in megapascals, at thesfaximen
surface;

b= is the width, in millimetres, of the test specimen;

h= is the thickness, in millimetres, of the test spemi;

L =is the span, in millimetres, between the supports.

The span used and the flexural-strain increasengivéhe relevant
part of this International Standard. It is calcaethtor the preferred

(flatwise) position as follows:

LZASf
As = 600h (36)

Where
As=is the standard deflection, in millimetres;
L = is the span, in millimetres, between the lines aftact of the
test specimen and the specimen supports;
Ag = is the flexural-strain increase, in percent;
h=is the thickness, in millimetres, of the test spen;
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b = is the width, in millimetres, of the test specimen

A standard test specimen is subjected to three-pa@nding under
a constant load in the flatwise (preferred) or edgewise position
to produce one of the flexural stresses given enrdlevant part of
this International Standard. The temperature isedhiat a uniform
rate, and the temperature at which the standardedtiei,

corresponding to the specified increase in flexatedin, occurs is

measured.

Figure (3.3) HDT VICAT instrument
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3.4.3.4 M€t flow index and Melt density tests

The MFI PP/LLDPE blends were determined by a Sthjia
Ang Zhong Shi testing machine according to the @doce ISO
1133:2005 method and facilities of automatic cgttiThe die
diameter of 2.095mm, temperature control range @J-40CC,
charge canister diameter 9.55mm, length 160mm ppdea dead
mass of 325g. The melt-flow index rate was quoted aneasure of
the mass in grams of melted polymer extruded inniifutes
through the capillary dieThe melt mass-flow rate (MFR),

expressed in grams per 10 min and is given by doaten:

MFR(0, My o) = L4 (3.7)

Where

0 = is the test temperature, in degrees Celsius;

Mhom = IS the nominal load, in kilograms;

m = is the average mass, in grams, of the cut-offs;

tef = is the reference time (10 mim), seconds (600 s);

t = is the cut-off time-interval, in seconds.

The melt volume-flow rate (MVR), expressed in cubantimeters

per 10 min, and is given by the equation:

MVR(6, Mypp,) = “2L0 = 200 (3.8)

Where
0 = is the test temperature, in degrees Celsius;

Mhom = IS the nominal load, in kilograms;
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A = is the mean cross-sectional area, in square cetaisnof the
piston and the cylinder (= 0.7118m

tef = IS the reference time (1Gm), in seconds (600 s);

t = is the predetermined time of measurement or thenmalue of
the individual time measurements in seconds;

[ = is the predetermined distance moved by the pistahe mean

value of the individual distance measurements migeters.

Figure (3.4) Shijiazhu Ang Zhong Shi MFI Insturernen

3.4.3.5 Hardnesstest (Shore D)

The hardness test of the compound was carried o thnova

testing machine according to the ASTM D 2240 and B&8. The

hardness testing of plastics is most commonly nredsby the

Shore (Durometer) test or Rockwell hardness testh Bnethods

measure the resistance of the plastic toward iatient Both
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scales provide an empirical hardness value thatrdioeorrelate to
other properties or fundamental characteristicor&Hardness,
using either the Shore A or Shore D scale, is tleéeped method
for rubbers/elastomers and is also commonly used'dofter'
plastics such as polyolefins, fluoropolymers, amy/l¢. The Shore
A scale is used for 'softer' rubbers while the horscale is used
for 'harder' onesk-or shore A the indentor consists of a truncated
cone of included angle 35° and diameter at thedfa.79 mm,
operating under a spring pressure given by:

F =550+ 75H, (3.9)

Where

F =the applied force in mN

H, = the hardness (Shore A).

The Shore D scale is suitable for typical hardasiats materials.
This has a sharper indentor of included angle 3@h wnly a
slightly rounded (0.1 mm radius) tip and operataden a spring

given by:

F = 445H, (3.10)
Where
Hq = the hardnesshore D).
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Figure (3.5) Innova Hardness testing machine

3.4.3.6 Density test

The density test of the compound was carried ouB&GROSIL
Pycnometer (25ml) according to the ASTM D 1505.Teesity at
23°C, p calculated using the equation:

mi—my

p="""+p, (3.11)

Where

m, = is the apparent mass, in grams, of the fijlglnometer at
23°C.

my = is the apparent mass, in grams, of the empknometer at
23C.

pa= is the density of air.

To determine the volume of the pyknometer &2@sing distilled

water, use the equation:
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my;—my my;—Mmg

T e—pa 09964 (3.12)

Where

m, = is the apparent mass, in grams, of the pyknonfideat with
distilled water at 2.

p.= is the density of distilled water atZ3= 0, 9976 g/ml.

Figure (3.5.3.6) BOROSIL Pycnometer
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Chapter four

Results and discussion

The mechanical, thermal and rheological test ot PPPE blend
and PP/LLDPE/Talc/CaC{are as follows:

4.1 PP/LLDPE blends

4.1.1Mechanical properties
The flexural test and impact resistance test wseel tio investigate
the mechanical properties polypropylene and PP/LEDNd.
4.1.1.1Flexural test

Flexural properties of PP/LLDPE are summarized ablé
(4.1). Figure (4.1) shows the effect of LLDPE cart$éeon modulus
of rigidity of the PP. The flexural modulus of PRsW50MPa. The
addition of LLDPE (10, 20 and 30wt %) to PP incexhghe
flexural modulus to 5.8 to 39.8%. However, additcdi.LDPE (40
and 50wt %) decreased the flexural modulus to 21340%,
compared with PP. These observations were alsgregeanent with
z Kock (2014) and Clive et al (1998). That disegtament or
rupture of tie-molecules was the dominant molecmachanism in
environmental stress cracking of polypropylene amdlow crack
growth. The tie-molecules have also been identiisdexhibiting
similar mechanisms in impact and vyield strengthbusl tie-
molecules are important to all strength propeiegolypropylene.
Hence the increasing concentrations of LLDPE inioedl tie-

molecules into the polymer blend.
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Table (4.1) Flexural modulus of PP/LLDPE blend

LLDPE L oad (wt %) Flexural Modulus (M Pa)
PRsp (Reference) 1600
PP.14(zero loading) 950

10 1328

20 1005

30 1257

40 755

50 629
1800 T

1600
1400 -+
1200

Flexural 1000 -
Modulus
(Mpa) 800 7

600

400 -
200 -

ol . . . '
PP575P PP114 10 30 40 50

LLDPE load (wt%)

Figure (4.1) Flexural modulus of PP/LLDPE blend

4.1.1.2 Impact test

The impact resistances of PP/LLDPE manufacturethéyne-step
methods are summarized in Table (4.2). The impasistance of
PP was 20J/m. Figure (4.2) shows the effect of LE[@Bntents on
the impact resistance of PP. The addition of LLO¥PE, 20, 30, 40

and 50 wt %) to PP clearly seen that significanteasing on the
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Impact resistance to 23.5 to 50%. The optimum weginicentage
of LLDPE on PP provides the best impact resistaacg) wt %.

These observations were also in agreement with koeh (2013),

Shri Kant et al (2013). As known the brittlenespolypropylene is
related to the spherulite morphology and the istartendency of
PP for crazing followed by unstable craze growthd amack

propagation under conditions of stress concentraéiod/or low

temperatures. So the impact test results indidaé the LLDPE

dispersions in PP provide multiple sites for crgzand localized
shear yielding as mechanisms for the impact en€iggipation.

From the results of flexural and impact tests, inegal, the

obtained results are in good agreement with tleealitire such as
Abu Ghalia et al (2011) when the effects of LLDPithe PP are
considered, respectively.

Table (4.2) Impact resistance of PP/LLDPE blends

LLDPE load (wt %) Imact resistance (J/m)
PRy7sp (Reference) 22
PP.14(zero loading) 20

10 26.01
20 24.69
30 30.01
40 28.44
50 27.5
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Figure (4.2) Impact resistance of PP/LLDPE blend

4.1.2 Thermal properties

The HDT test is used to investigate the thermalperies of
polypropylene and PP/LLDPE blend. HDT of PP andLBEBPE

blends are shown in Table (4.3). HDT of PP wa¥C7Figure (4.3)
shows the effect of LLDPE contents on the HDT of. HRe

addition of LLDPE (10, 20, 30, 40 and 50 wt %) B lcreased
the HDT to 11 to 68.2%. The figure (4.3) showed dptimum

compound percentage of LLDPE on PP provides the BBT is

30 wt %.From the results of the heat deflectiongerature test, in
general, the obtained results are in good agreemsitt the

literature such as Kristin et al (2013) and Abu lzhat al (2011)
when the effects of LLDPE on the PP are consideesghectively.

57



Table (4.3) HDT of PP/LLDPE blend

LLDPE load (wt %) HDT (°C)
PR.sp (Reference) 98.0
PP;14(zero loading) 71.0
10 81.2
20 86.6
30 1194
40 80.9
50 78.9
140 -
120 T N
100 / \
80 \ /l/. —n
Heat
Deflection’ |
Temp 40 -
(°C)
20
0 1
PP575 PP114 10 20 30 40 50

LLDPE load (wt %)

Figure (4.3) HDT of PP/LLDPE blend

4.1.3 Rheological properties

The melt flow index (MFI) test is used to investgahe flow
properties of polypropylene and PP/LLDPE blend. H¥T of PP
and PP/LLDPE blends are shown in Table (4.4). feigi.4)
shows the effect of LLDPE contents on the melt fiodex of PP.
The Melt flow index (MFI) of PP was 30(g/10min). &lddition of
LLDPE (10, 20, 30, 40 and 50 wt %) to PP decredsedVIFI to
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4.3 to 46.3 %. The result showed that with incre@siLDPE

concentrations, the melt flow index of the compmsiecreased.
This may be attributed to the absence of branchin@P. It is

reasonable perhaps, to assign the difference ihftoel properties

between the PP and that of LLDPE blend to the pesef short
chain branching (SCB) in LLDPE. This is becauseSG# tends to
increase the entanglement at low shear rate (Hagti@ty), but at

high shear rates the chain would disentangle, tledsicing the
viscosity. From the results of the melt flow indest, in general,
the obtained results are in good agreement witHitdr@ture such
as Abu Ghalia et al (2011) when the effects of LED&h the PP
are considered, respectively.

Table (4.4) MFI of PP/LLDPE blend

LLDPE load (wt %) MFI (g/10min)
PRy7sp (Reference) 11.00
PP.14(zero loading) 30.87

10 29.53
20 26.13
30 23.53
40 18.93
50 16.50
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Figure (4.4) Melt flow index (MFI) of PP/LLDPE bldn

4.1.4 PP/LLDPE blend tests summary
The table (4.5) and figure (4.5) shows the summéamechanical,
thermal and rheological test of PP/LLDPE blend.

Table (4.5) PP/LLDPE tests summary

LLDPE Flexural I mpact HDT MFI
Load (wt %) Modulus (MPa) | resistance (J/m) | (°C) | (g/10min)
PR7sp (Reference) 1600 22 98 11
PP14 (Base of blend 950 20 71 30.87
10 1328 26.01 81.2 29.53
20 1005 24.69 86.6 26.13
30 1257 30.01 1194 23.53
40 755 28.44 80.9 18.93
50 629 27.5 78.9 16.50
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Figure (4.5) PP/LLDPE blend tests summary

From the summary of tests the optimum formulatibB/LLDPE
blends provided the best mechanical, thermal ptigseand a

moderate rheological property is (70/30).

4.2 PP/LLDPE/Talc/CaCO3;compounds

4.2.1 Mechanical properties

4.2.1.1 I mpact test
The impact properties of PP/LLDPE blend and compoun

are summarized in Table (4.6) and Figure (4.6). Timpact
resistance of PP/LLDPE blend was 30.01 J/m. Kklesrly seen
that the addition 20 wt % of talc to PP/LLDPE haxmased the
impact resistance to 20.53 %.The addition of 20%vtcalcium
carbonate has decreased the impact resistance.38980It can
also be seen that the addition of 10 wt % of tald &alcium
carbonate has decreased on the impact resistar®88%. Also

20 wt % of talc and of calcium carbonate has deg@dhe impact
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resistance to 24.03%.This result may be relatetheéoeffects of
LLDPE, talc and calcium carbonate on PP. It is wdeltumented
that LLDPE increases the impact strength, while &ald calcium
carbonate decreases, especially for higher conténkarian, 2003
and Abu Ghalia et al (2011)

Table (4.6) Impact resistance of PP/LLDPE and campe

Sample no I mpact resistance (J/m)
1 30.01
2 23.85
3 20.83
4 21.04
5 22.80
25 4
20
:E‘ 4
§ 15
g 4
54
0 - - - v
1 2 3 4 5
Sample No

Figure (4.6) Impact resistance of PP/LLDPE and cauml

4.2.1.2 Hardness test
The hardness of PP/LLDPE and compound are shown in
table (4.7) and Figure (4.7). Hardness of PP/LLO®é&nd was
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66.2. Addition of 20 wt% of talc to PP/LLDPE ha<reased the
hardness to 18.6%. It can also be seen that theaddf 20 wt %
calcium carbonate has increased the hardness3&01% can also
be seen that the addition of 10 wt % of talc andiean carbonate
has increased the hardness to 9.9%. While theiaalaif 20 wt %
of talc and of calcium carbonate has increasednessito 8.9%.
The hardness result may relate to the interacti@iwden
PP/LLDPE and talc/calcium carbonate and this m&strithe
mobility and deformability of the PP/LLDPE (G.Kaniag2003).
Table (4.7) Hardness of PP/LLDPE and compound

Sample No Hardness
1 57.4
68.1
66.2
63.1
62.5

60—-
50—_
w0
30—-
20;
10
O- v v v T
1 2 3 4 5

Sample No

g | W N

Hardness

Figure (4.7) Hardness of PP/LLDPE and compound
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4.2.2 Rheological properties

4.2.2.1 Mdt flow index (MFI) test

The melt flow index (MFI) test is used to investgahe flow
properties of PP/LLDPE and compound are shown ipleTé.8)
and Figure (4.8). MFI of PP/LLDPE blend was 23.98g#in. The
result showed addition of 20 wt% of talc to PP/LLBDihcreased
MFI to 82.75%. It can also be seen that the additb 20 wt %

calcium carbonate increased MFI to 50.02%.

Table (4.8) MFI of PP/LLDPE and compounds

Sample No MFI (g/10min)
1 23.53

43.00
35.30
31.80
26.27

gl b~ W N

40

30-
20—-
o
O- T T T T
1 2 3 4 5

Sample No

Figure (4.8) MFI of PP/LLDPE and compound

MFI (g/10min)
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4.2.2.2 M€t density test

The melt density test of PP/LLDPE and compoundsii@wn in
Table (4.9) and Figure (4.9). The melt density BfIR.DPE blend
was 0.705g/cm3. The result showed addition of 2% wf talc to
PP/LLDPE has increased melt density to 15.77%alit also be
seen that the addition of 20 wt % calcium carbomateP/LLDPE
increased melt density to 18.04%. It can also len ghat the
addition of 10 wt % of talc and calcium carbonaiePP/LLDPE
increased the melt density to 24.86%. While theteatdof 20 wt
% of talc and of calcium carbonate to PP/LLDPE haseased
melt density to 23.01%. This result may be directiated to the
undeform ability of the filler and its lack of ceifitution to the flow
(G.Karian, 2003).

Table (4.9) Melt density of PP/LLDPE and compounds

Sample No The Melt Density (g/cm®)
0.704
0.815
0.831
0.879
0.866

g WN|F
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Figure (4.9) Melt density of PP/LLDPE and compound

4.2.3 Density test

It used to investigate the flow properties of PHIHE compound
are shown in Table (4.10) and Figure (4.10). DgraiitPP/LLDPE
blend was 0.782g/cinThe result showed addition of 20 wt% of
talc to PP/LLDPE (56/24) increased density to 1%68& can also
be seen that the addition of 20 wt % calcium caab®nhas
increased density to 14.74%. It can also be sedrttie addition of
10 wt % of talc and calcium carbonate has incredsedensity to
19.77%. While the addition of 20 wt % of talc anfl aalcium
carbonate has increased density s to 30.98%. Ekidtrmay be
related to the effects of LLDPE, talc and calciuanbonate on PP
matrix. LLDPE decreases the density, while talc amadcium

carbonate increases, especially for higher contents
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Table (4.10) Density of PP/LLDPE and compounds

Sample No Density (g/cm°)
1 0.782
2 0.934
3 0.911
4 0.951
5 1.040

100 4

Densityx 100 (g/cm3)

Sample No
Figure (4.10) Density of PP/LLDPE and compound
4.2.4 PP/LL DPE compound tests summary
The table (4.11) and figure (4.11) shows the mechdrthermal
and rheological test of PP/LLDPE compound.
Table (4.11) PP/LLDPE compounds tests summary

so-—
eo-—
40-
o]
o- . . . .
1 2 3 4 5

Sample I mpact MEI The M€t Density
No resistance (J/m) Hardness (¢/10min) (E;]egr?]t% (g.cm™)
1 30.01 57.4 23.53 0.704 0.782

2 23.85 68.1 43.00 0.815 0.934

3 20.83 66.2 35.30 0.831 0.911

4 21.04 63.1 31.80 0.879 0.951

5 22.80 62.5 26.27 0.866 1.040
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Figure (4.11) PP/LLDPE compounds tests

From the summary of the tests the optimum compoumogided
the good balance of cost and performance (mecHanhelogical
properties and density) of PP/LLDPE/Talc/CaG©(42/18/20/20)
wit% respectively.

4.3 Economic assessment and perfor mance

Cost estimation is the effective application of professl and
technical expertise to plan and control resourcests; it is a
systematic approach to managing cost throughouliftheycle of
any enterprise, program, facility, project, produor service.
Individual response map for each important propareyuseful for
determining general trends as a function of compgotiowever,
they may be used to determine operating windows diesired
balance between mechanical properties and cosheofbtended
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resin (John K.Hollmann, 2006). In present work floalowing
information's are used in the current materiald émscalculation
in present work (Tariq Mahdi, 2014):

1. PRpc costis 2.6 $/kg (Sudanese plastics market).
PPsagic cost is 3.0 $/kg (Used as reference).
LLDPEgagccost is 3.0 $/kg.

Talc cost is 0.29 $/kg.
Calcium carbonates cost is 1.6 $/kg.

oA w N

. The cost of compounding (processing) is 0.17 $/kg.

The cost of polypropylene and PP/LLDPE blend and
polypropylene compounds (include processing cosiyl dhe
performance are shown in Table (4.13). In the esvoampact
column PRpca14 COSt value is considered as base value (Base
material of this work). Then subtract cost valuetlod materials
from PRpc.114 COSt Value if the result is less cost value tRBRc.114
it considered as negative percentage value (-) atddaigt value is
positive percentage value (+). The percentage ofemads is
calculated by dividing the cost value of each makeyer PRpc.114
cost value. The column of performance is classiftebe on
summary of work tests (Mechanical, Thermal, Rheclgand
density) in compare to R c as in table (4.12).

Table (4.12) Specifications of SABIC Polypropylgiid 575P)

Trade name Polypropylene (PP 575P)
Density 0.905 g/cth

Melting point 230 °C

Melt flow index (MFI) 11 g/10 min (230 °C, 2.16 kq)
Tensile stress at Yield 35 MPa

Flexural Modulus 1600 MPa

Izod impact resistance 22 J/m

Heat deflection temperature (HDT) 98 °C
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Table (4.13) Economical and performance of PP/LLIBPEmMpounds

Economical
Material/s CO§($)/ assessment | Performance
J (%)
PRwpc-114 2.6 0 Inferior
PPRsasic575 3.0 -13 Excellent
PFkpc-114 LLDPE.218 N
(70/30) 2.8 -7 Excellent
PH(PC—llz{ LLDPE 15 N/Talc
(56/24/20) 2.3 +13 Good
PRpc-114 LLDPE 158 /CaCQ
(56/24/20) 2.7 -4 Good
PRpc-114 LLDPE 218 N :
[Talc/CaCQ (56/24/10/10) 2.6 0 V-good
PRpc-114 LLDPE 218 N
[Talc/CaCQ 2.1 +23 V-good
(42/18/20/20)
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Chapter five

Conclusion and Recommendations

5.1 Conclusion

The present work aimed to study the effect of linkav
density polyethylene (LLDPE), talc and calcium carate on
mechanical, thermal and rheological properties aical
homopolymer polypropylene (R#. 119 for injection moulding
application. In the experimental study, five foratidns of PP and
LLDPE viz. 90/10, 80/20, 70/30, 60/40 and 50/50 9t were
prepared for injection moulding machine.

Results showed improvement of the mechanical, takamd
rheological properties as addition of linear low nsigy
polyethylene (LLDPE) to polypropylene (PP) in moases such as
increase the flexural modulus to 5.8 to 39.8%, ichpasistance to
23.5 to 50%, HDT to 11 to 68.2% and decrease thé tvB.3 to
46.3%. It is then concluded that the optimum fdatian of
PP/LLDPE blends provided the good mechanical, thérm
properties and a moderate rheological property(s3Q).

Therefore PP/LLDPE (70/30) by weight was selécéad
investigated at different four fractions of talc darcalcium
carbonate. Incorporate talc and calcium carboratdillers on
PP/LLDPE blend led to increase the hardness, MIeli density
and density, while decreased the impact resistandeP/LLDPE
blend. The work determined the optimum compoundiges the
good balance of cost and performance is PP/LLDHE/ITalcium

carbonate (42/18/20/20) weight ratio % respectively

71



5.2 Recommendations

» Development processing techniques (Extrusion ajattion
moulding processes) to improve the properties of

polypropylene Pkbc.114

* Investigation of blending of polypropylene BB114injection

grade with PRhc.113€xtrusion grade.

» Investigation of blending polypropylene BR.113 extrusion
grade and linear low density polyethylene (LLRRdx 219
and others LLDPE extrusion grades.

* Blending of polypropylene RBci114 with rubber and
thermoplastic rubber such as polyethylene vinyltatee
(EVA).

* Investigation of blending polypropylene BR.113 extrusion
grade and linear low density polyethylene (LLRREx 219

blend filled with fillers (such as talc and calciwarbonates).

* Investigation of effect of shelf life (storage) properties of

PRpc.114injection grade and RF:-.i1zextrusion grade.
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