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ABSTRACT

Blending can help improving mechanical properties of materials. It is a cheaper way
to tailor mechanical properties of the material instead of polymerization. But,
blending of immiscible polymerswill result in low mechanical properties as there are
no connections between the materials and the sphere shape of the polymer. So,
microfibrillar composite (MFC) is produced by drawing process and act as
reinforcement in the material. While compatibilizer helps in improving interfacial
adhesion between the microfibrillar and matrix. So, with aid of reinforcement and
compatibilizer, mechanical properties of the blend can be improved. Aim of this
study is to see the effects of microfibrillar towards the mechanical properties of
LDPE/r-PET composite and to study the effects of compatibilizer towards the
mechanical properties of LDPE/r-PET composite. In this study, LDPE is used as the
matrix and recycled PET (r-PET) was employed as the reinforcement. LDPE and r-
PET is mixed using twin screw extruder and was drawn to produce the microfibrils.
The blend is then compression moulded to produce specimens for mechanical tests.
Tensile, flexural and impact tests are done base on ASTM D368, D790 and D256
respectively to study mechanical properties of the composite. Microfibrillar is proven
to improve tensile strength of drawn LDPE/r-PET by 6% when compared with
undrawn LDPE/r-PET and improve flexura strength by 13%. When comparing with
pure LDPE, tensile strength of drawn LDPE/r-PET increased by 10% and flexural
strength increased by 126%. Coupling agent managed to improve tensile strength of
the undrawn LDPE/r-PET/Coupling agent composite by 12% compared than
undrawn LDPE/r-PET and improve flexural strength by 21%. Compared to pure LDPE,
tensile strength of drawn LDPE/r-PET increased by 18% while flexural strength
increased by 155%. Impact strength of drawn LDPE/r-PET improved by 10%
compared than undrawn LDPE/r-PET but it is reduced by 95% when compared to
pure LDPE. For undrawn LDPE/r-PET/coupling agent specimen, impact strength
improved by 9% compared to undrawn LDPE/r-PET but when compared to pure
LDPE, impact strength value is decreased by 96%.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Polymer is pure material which results from polyis&tion process and is usually
taken as the family name for materials that haveglghain-line molecules [1].
Polymer and polymer composites have several adgestancluding light weight,
good processability, chemical stability in any asmizere condition and many more.
Thus, they have been widely used in many areaseliigneering, electronics and

transportation [2].

Polymer blending is a common processing technigsed to create new
materials with desired qualities are either retdir@ usually enhanced which
inherent to one or the other blend constituentg4B]Blending is a versatile and
economical method to manufacture products to yat@iplex performance demand
[5]-[7]. Blending of polyolefins and poly(ethylenerephthalate) (PET) has been the
area of interest since it can help improving medw@rproperties of the relatively
weak partner [4], [6]. Nowadays, composite matsrlzve replaced the traditional
ones in variety of applications, mainly becausey thee light in weight but having
enhanced mechanical properties [8].

Morphology and properties of immiscible or paralnmiscible blends can
be improved with incorporation of compatibilize,[[6]-[7]. Compatibilizer helps
in enhancing interfacial adhesion between the iroiblis blend components and
improving properties of the material.

As plastic is dominating the municipal solid wastaction in the world,
recycling plastics can help reducing the resouneesied in manufacturing, conserve
energy in production and shipping and also miningzihe overall impact on the

environment over life-cycle of the product. Solidusehold waste is made up of a
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mixture of largely polyolefin-based resin includimmply(ethylene terephthalate)
(PET) [6], [9]-[10].

1.2 Problem Statement

Polymer blending can help improving the mechanpralperties of materials with
relatively low cost instead of polymerization. Butlending of two immiscible
polymers will result in poor mechanical propertgise to shape of the dispersed
phase and no connection between the materials. iwfibrils are formed using
drawing technique that act as the reinforcemenhelp in improving mechanical
properties of the material. Meanwhile, compatilgitizis used to provide better
interfacial connection between the materials.

Meanwhile, plastics are used to create many holdebems as well as for
packaging. As plastics are non-biodegradable natetiwill take hundred years to

decompose. So recycling or reusing of plasticshedp saving the environment.

1.3 Objectives
The objectives of this project are:

a) To study the effects of microfibrillar on the meniel properties of LDPE/r-
PET composite.

b) To study the effects of compatibilizer on the meuba properties of
LDPE/r-PET composite.

1.4 Scope of Study

This project is mainly focusing on microfibrillaomposite (MFC) which involves
LDPE as the matrix and r-PET as the reinforcematit the ratio of 70/30. r-PET
microfibrillar is formed by drawing. LDPE/r-PET bld is then compression
moulded to produce specimens for testing purposesile, flexural and impact tests
are conducted to determine mechanical propertiegheoMFC according to ASTM
D638 [11], D790 [12] and D256 [13] respectively. matibilizer is also added to



improve interfacial adhesion between the matrix a@eashforcement and finally

improving the mechanical properties.

1.5 Significance of Study

Microfibrillar composite can help enhancing meclecahiproperties of the matrix as
well as the reinforcement material. It is also aager way to tailor the properties of
a product as compared with polymerization. Apavtrfrthat, recycled PET is used to
create the blend which can help saving the envissrirby minimizing the usage of

virgin plastics like PET.

1.6 Feasibility of Project

This project will require some experimental workdabricating the specimen and to
conduct mechanical tests to determine the specsniemsile, flexural and impact
strength. So, progress of this project will depemd€ondition and availability of the

machines which are grinder, extruder, compressiaulding machine, Universal

Testing Machine (UTM), impact tester and Scannitegton Microscope (SEM).

This project can be done within the allocated tgneen that everything goes
fine as planned. All of the objectives can be aaikif the procedures are followed
closely. As this is a small-scale project, not moddterial is needed and most of the
materials used are already available in UTP Mdttaia As most of the experiments
are done using UTP’s lab equipment, so, the akatd&@M500 budget will be

sufficient enough to complete this project.



CHAPTER 2

THEORY AND LITERATURE REVIEW

2.1 Overview of Microfibrillar Composite (M FC)

A fibril can be defined as a structural entity witlaterial properties that are biased
predominantly along a linear dimension or symmaittis [14]. While microfibrillar
composite (MFC) is referring to materials in whittke reinforcing elements are
polymer microfibrils [8], [15]-[16]. It comprisesfdwo immiscible thermoplastic
polymers which have distinct difference in theirltimg temperatures (at least 40°C)
[3]-[4], [8], [14], [17]-[23]. The constituent pofgers must have adequate
drawability to allow formation of the microfibrilso occur [3]-[4]. This type of
material provides a way to tailor the propertiesagfroduct for desired application
[15]-[16].

MFCs are found to have significantly enhanced meiclad properties
compared than the conventional blends as well asvittgin compatibilized blends
[6], [14], [19]-[21], [24]. However, the propertiesd applications are depending on
the morphology of the created polymer fibrils ahdit thermal stability [19]. Good
mechanical properties in a composite material @aadhieved if there is high aspect
ratio as well as good adhesion between the matrikthe reinforcing phase [21]-
[25]. Adhesion between the reinforcing element déimel matrix can be improved
using coupling agent or compatibilizer [22], [23h presence of compatibilizer,
morphology of the resulting blends shows good d&pa of fine minor phase [22].

The combination of polyolefins such as polypropgléRP) and polyethylene
(PE) with poly(ethylene terephthalate) (PET) hasrb&ied by many researchers.
PET is preferred because of its inherent fibre fagrcapability while PE or PP is
chosen because of economic and processability [6].



Since the microfibrils are not available in separataterial, it has to be
created [3], [14], [22]-[25]. It is formed by mditending of two immiscible
thermoplastic polymers, followed by hot or cold wirag with speed difference
between rollers must be at least 5 times [14] amgkaling (thermal treatment) of the
drawn blend at constant strain and akTT < T, where | and T, are the melting
temperatures of the two components [4], [6]-[8K]FHL7], [19]-[27]. Both of the
constituent polymers must be able to be procedsadiagle temperature without the
onset of degradation in either polymer [3]. Durittie thermal treatment, the
processing temperature must be not too close wihmelting temperature of the
microfibrils. If not, they will melt again and retuback to their spherical shape [14],
[20]. The microfibrils are created after blendingte two materials which upon
drawing, the blends are oriented and microfibriis formed in discontinuous form
[8], [15], [18].

Annealing is done for perfection of the structufemperature and duration
of annealing have been shown significantly to dftee structure and properties of
the blend. If the annealing temperaturg) (§ set below the melting point of both
components, the microfibrillar structure imparteg 8rawing is preserved and
furthermore improved as a result of physical preesssuch as additional
crystallization, minimization of defects in crydtaé¢ regions and relaxation of
residual stresses in amorphous region. If the dimgedemperature (J is set
between the melting point of both components, gg@nation of the low melting
component takes place to form an isotropic matiXhile, higher melting
temperature preserve their oriental and morphoédgicaracteristics [28].

Morphology of dispersed phase in the blends caatlyraffects the physical
and mechanical properties of the composite. Fomgka, well-dispersed and fine
spheres in the matrix can help increasing impaength of a material, while sheet-
like dispersed morphology has the ability to enlegparrier properties of a film, and
microfibrils can increase the uniaxial strengthadine[16].

Nanoparticle reinforcement in polymeric matrix metke can lead to
significant property improvements or in some ca#iesy may worsen the properties
because the nanoparticles has strong tendencygtonagrate in polymeric matrices
[8]. According to Jayanarayanagt al. [24], a very high draw ratio during cold
drawing of PP/PET will lead to the attrition of tmeicrofibrils in microfibrillar

blends (MFB) and brings down the mechanical progemf the MFCs. Draw ratio
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can be done only up to 8 times. Beyond that, brgald fibrils was observed during
stretching and results in low mechanical propenedae [23].
MFCs can be used as a packaging material as disiste manufacture and it

is suitable for many common polymer resins [3].

2.2 The Effects of Blending Ratio towards M echanical Properties of the Blends

Blending ratio of matrix and the reinforcement miaegives effects on mechanical
properties of the blend. Many research have beee do MFCs and 70/30 ratio of
PE/PET is proven as the most effective one. A sumnud blend ratio and

mechanical properties of the blend is shown in @&bl.

Table 2.1: The effects of blending ratio on mecbalnproperties of the blends [29].

Author(s) Material Ratio Tensile Flexural I mpact
Strength Strength Energy
(MPa) (MPa) (kJ/m?)
Evstatievet al. | LDPE/PET| 100/0 8.8 53
70/30 18 66
50/50 27 75
Fakirovetal. | LDPE/PET | 100/0 8
70/30 17
50/50 26
Li et al. PE/PET 95/5 22.0
90/10 25.2
85/15 31.3
80/20 32.8
75/25 35.9
70/30 29.2
65/35 24.5
Li et al. PE/PET 90/10 26
85/15 31
80/20 33




75/25 36
Li et al. HDE/PET 100/0 20.5
85/15 23-31
0/100 78
Li et al. PE/PET 100/0 20.5
95/5 21.1
90/10 22.0
85/15 22.9
80/20 23.7

2.3 The Effects of Compatibilizer

Compatibilizer or coupling agent, as the name ssigges used to improve
compatibility between immiscible polymers. In MFE@mpatibilizer will improve
interfacial adhesion between matrix polymer andhfogcement polymer [22].
Taepaibooret al has proved that compatibilizer helps enhancingike, flexural and
impact properties of the iPP/r-PET blends. &?MA compatibilizer is used in the
experiment and the most efficient ratio of iPP/fTHEP-g-MA blend is 70/30/5.

Ballauri et al. [30] has used Kraton as the compatibilizer for BT blends.
Adding 5% of the compatibilizer increased impacesgth of the PET/PP blend by 4
times and increased elongation at break of thedbley 10 times compared to
uncompatibilized blend.

2.4 Extrusion

Extrusion can be done using either single screwwdgt or twin screw extruder. In
extrusion, plastic in the form of pellets or powdtefed into a heated cylinder while
rotating screw homogenise it and squeeze it thraudie [31].

Single screw extruder is intended for thermoptastiaterials in pellet or
powder form [32]. The pellets are poured into tlo@ger, which delivers them to a
screw [1]. The diameter of the screw root progresgiincreases along its axis in the

direction of die. This accommodates the densificatssociated with the melting



processes wherein spaces between the particulatggpdar. In the region where the
polymer has melted, the extruder acts as a drag fglamp and pushes the melt into
the die entrance.

While twin screw extruder, is mainly used for proohg polyvinyl chloride
profiles and pipes, as well as for polyolefin pegiag. There are various types of
twin screw extruder. The screws may rotate in #u@es direction (co-rotating), in
opposite direction (counter rotating) or the scraway be separated, tangential,

intermeshing or self wiping [32].

2.5 Hot/Cold Drawing

Drawing is a process where polymer fibres are gtremed by elongation [33]. For
hot drawing, device with three pinching rolls isedsto form the microfibrils. The
rolls temperature is kept at about 40°C by adjgsthre tap water flow rate in the
cooling pipe. Speed of the rolls can be adjusteabtain different stretching ratio.
While for cold drawing, the material is drawn inydnot air with temperature
higher than glass transition temperature of PEEe8f the rolls can be adjusted to
achieve desired draw ratio. Cold drawing is prityariused in

manufacturing plastic fibres.

2.6 Compression Moulding

Compression moulding is one of the oldest procestesas been used by man
thousand years ago to clay or natural resins [Bdinpression moulding involves the
pressing (squeezing) of a deformable material @thtgetween the two halves of
heated mould and its transformation into a solmdpct under the effect of elevated
temperature and pressure given [31].

A pre-weighted plastic is placed in the lower haflia heated mould and the
upper half is the forced down. This causes the mahteo take the shape of the
mould. The application of heat and pressure aceerthe polymerisation of the
plastic and once the crosslinking is completed dttiele is solid and may be ejected

while still very hot [1].



2.7 Materials
2.7.1 L ow Density Polyethylene (L DPE)

LDPE is so named because it contains substantraterrations of branches that
hinder crystallization process, resulting in lownsligies [36]. It is a semi-rigid,
translucent material and was the first of the piblylenes to be developed. It is
mainly used in high-clarity products which includqe®duce bags, bakery film and
textile overwrap. It also includes durable prodwsish as power cables coating and
toys [1], [31].

It qualities includes toughness, flexibility, resisce to chemical and weather
and low water absorption [1], [36]. It is easilyoduced by most methods and has a
low cost. It is a corrosion-resistant, low-denstruded material that provides low
moisture permeability. LDPE has a fairly low worgitemperature, soft surface and
low tensile strength. It is also lightweight andnf@ble, has high impact resistance

and excellent electrical properties [31].

Disadvantages of LDPE are it is low in strengttiffress and maximum
operating temperature. It also has poor UV rest&aflammability and susceptible

to environmental stress cracking [31].

branched

—~
r EH3 chernical struct ure-‘\
CH,
M—EHE—I|:H~EEH2—EH2}I|:H—EH2-~N\
CHp
\ CHy

Figure 2.1: The branched form of polyethylene, Wwhgcalled low-density
polyethylene (LDPE)gs).



2.7.2 Poly(ethylene terephthalate) (PET)

PET is thermoplastic polymer widely in the aregpatkaging where optical clarity if
the main concern [22]. Applications of PET alsolude textile fibres (sailcloth),
films, and other moulded materials [7]. The stifseof PET fibres makes them
highly resistant to deformation, so that they ateeient in impact resistance. PET is
hard, stiff, strong, dimensionally stable matetiet absorbs very little water. It is hormally
used in making plastic bottle.

One of the main reasons for the wide spread ugddfis their possibility of
producing a number of different grades over a braage of molecular weights in a
single multiproduct polymerization plant. Chemictitucture of PET is shown in

Figure 2.2.

o) 0-CH,-CH;
n

Figure 2.2: Poly(ethylene terephthalate) chemitakture [7].

Recycling of PET is quite common in the industrecikcled PET (r-PET)
has been used as a component in the productioarts and textile for automobiles
and as a cost reduction ingredient for food coetaifi22], [36].

r-PET undergoes a reduction in intrinsic viscosmty molar mass when
recycled in a normal extrusion system because afrnthl and hydrolytic
degradation. This results in significantly lower ahanical properties especially

tensile [9].
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CHAPTER 3

METHODOLOGY

3.1 Resear ch M ethodology

Preliminary Studies
* study is done based on journals and books related to polymer composit

bs and

microfibrillar composites.

4 ] N\
Sample Prepar ation

* 1-PET is grinded to get smaller size of r-PET using ganulator.
* LDPE and r-PET is mixed using extruder with weight percent of 70/30

to the die) and the screw speed of 35rpm.
 drawing of the blends.

» compression molding is done at 190°C and 5 bar pressure to produce L[

And

temperature profile of 200, 220, 250, 260, 270, 250 and 250 °C (from bafrel 1

PE/r-

PET microfibrillar composite. y

M echanical Testing

 apply tensile test (ASTM D638) to the composite.
 apply flexural strength (ASTM D790) to the composite.
» apply izod impact test (ASTM D254) to the composite.

Discussion

» comparison of data and interpretation
* objective achievement
* recommendation

Figure 3.1: Research methodology.
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Figure 3.1 summarizes the methodology of this stwtlych includes preliminary

studies, sample preparations, mechanical testdgliandssion.

3.2 Experimental Works
3.2.1 Sample Preparation

Materials used in this project are:

a) Low density polyethylene (LDPE)ITANLENE LDI300YY from Titan
Chemicals in granule form with melting temperatafe160 - 240°C,
tensile strength of 8 - 10 MPa, tensile modulu8.8f— 0.3 GPa, flexural
modulus of 0.2 — 0.3 GPa and density of 0.0009&thg/as provided by

manufacturer.

Figure 3.2: Raw LDPE granule.

b) Recycled Poly(ethylene terephthalate) (r-PETgcycled PET from
drinking bottles (bottle grade) with melting tematerre of 254 — 256°C,
tensile strength of 55 — 75 MPa, flexural strength80 — 120 MPa,
flexural modulus of 2.3 — 3.0 GPa and density 881 1.40 g/mrh

12



Figure 3.3: Raw r-PET flakes: (a) before grindiby drinded.

c) Anhydride modified polypropylene (coupling agenffusabond® P613
from DuPont™ in granule form with melting point ®62°C, density of
0.903 g/crand melt flow rate of 49 g/10 min.

Figure 3.4: The coupling agent granules.

To prepare the samples, r-PET from drinking watstlés are cut into small
flakes. Then they are grinded in a granulator tosgealler size of r-PET flakes to
ease the blending process. Five samples are mad# wbnsist of neat LDPE,
LDPE/r-PET with ratio of 70/30, LDPE/r-PET (drawwijth ratio of 70/30, LDPE/r-
PET/coupling agent with 70/30/5 ratio and LDPE/fRi®upling agent (drawn) with
70/30/5 ratio. They were dry-mixed first before igeimelt-mixed using Brabender
Twin Screw Extruder with increasing temperaturefifgaf 200, 220, 250, 260, 270,
250 and 250 °C (from barrel 1 to the die) and titevs speed of 35rpm. Diameter of
the die opening was 2 mm.

For the drawn mixture, drawing was done after tlvetume has cooled down

a bit (above § of PET to allow the molecules move freely durieglignment) after

13



being extruded. Drawing was done manually whereettieuded mixture is drawn 4

times from its original lengths.

Table 3.1: Composition of the samples.

Sample Weight Ratio
Pure LDPE 100
LDPE/r-PET 70/30
LDPE/r-PET (drawn) 70/30
LDPE/r-PET/coupling agent 70/30/5
LDPE/r-PET/coupling agent (drawn) 70/30/5

Figure 3.5: Extruded LDPE/r-PET blend.

3.22 Moulding

The prepared sample is compression moulded witpeesture of 190°C and 50 bar
pressure. For the compression moulding procesgrefesating time is 1 minute 11
second, moulding time is 5 minutes 28 second amdingp time is 5 minutes 28
second. The sample is cooled under 50 bar pressure.

14



l \

wran) |

Figure 3.6: Compression moulding machine usedepaming the specimen.

The moulded sample is then cut into dog-bone shapéensile test using
pressure cultter.

Figure 3.7: Samples for tensile test: (a) undra®®E/r-PET (b) drawn LDPE/r-
PET (c) undrawn LDPE/r-PET/coupling agent (d) dravidPE/r-PET/coupling
agent.
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Figure 3.8: Pressure cultter.

3.2.3 Mechanical Property Tests

Tensile, flexural and impact test is done base tandards ASTM D638, ASTM
D790 and ASTM D256 respectively. Test should beedom at least five (5)

specimens to get accurate result.

Table 3.2: Standards used in mechanical propestg.te

Test Standard
Tensile ASTM D368
Flexural ASTM D790
Impact (Izod) ASTM D256
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Tensile Test

Tensile test is done using Universal Testing MaehldTM) in Petronas Research
Sdn. Bhd. (PRSB). Samples were cut into Type IV-doge shape for the testing
purpose. Type IV is used for specimen with thicknkess than 4 mm. The cross-

head speed was 50 mm/min and load cell used is. 5 kN

o Y Y K
] W W WO
A A & kA
3 1"‘F: | [ T Y
. ' _ -
| | e __.-_:
‘ l-q— - D — -
—————— L —— -
TYPE IV

Figure 3.9: Type IV specimen.

Table 3.3: Type IV specimen dimension

Dimensions Size (mm)
W — width of narrow section 6
L — length of narrow section 33
WO — width overall 19
LO — length overall 115
G — Gage length 25
D — distance between grips 65
R — radius of fillet 14
RO — outer radius 25
T — thickness 4 or under
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Figure 3.10: Universal Testing Machine used fostiertest.

Flexural Test

Flexural test is done using Universal Testing Maehi(lUTM) in Universiti
Teknologi PETRONAS (UTP). Samples were cut accgrdiinthe standard.

Figure 3.11: Samples for flexural test.
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Impact Test

Impact test is done using impact tester in Petr&tesearch Sdn. Bhd. (PRSB).

Figure 3.12: Impact tester.

Sample was cut according to the standard and mdt2f’54 mm is made.

225 :E—z'“

| \ -

k DIRECTION OF
wl <
< IMPACT END | D COMPRESSION
MOLDING
T L B £ T )

<t c + ,‘
"WIDTH OF SPECIMEN

SHALL BE IN ACCORDANCE
WITH SECTION 7.2

Figure 3.13: 1zod impact test specimen specificatio
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Table 3.4: 1zod impact test specimen dimension.

Dimensions Size (mm)
A 10.16 £ 0.05
B 31.8+1.0
C 63.5+2.0
D 0.25R + 0.05
E 12.70 £ 0.20

Figure 3.14: Tool

3.3 Project Activities

to make notch.

Table 3.5: Project activities.

Activities Starting Month | Finishing Month
Preliminary studies 20 June 2011 31 July 2011
Purchasing of materials needed 1 August 2011 2stR011
Extrusion and drawing of the mixed21 August 2011 30 September
materials. 2011

Compression moulding of the material g

preparation for testing.

ndlL October 2011

31 October 201

1

Applying tensile, flexural and impact tes

to the material; and microscopic scanning

t& November 2011

30 November
2011

Report documentation

1 December 20

11 15 Januard 2

01
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3.4 Gantt Chart and Key Milestone
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Figure 3.15: Gantt chart and key milestone of tfugeat.
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3.5 Toolsand Equipments

Low speed granulator model SG-21P is used to ghedr-PET bottles to smaller
size of r-PET flakes. Then, Leistritz twin screwtrader model Mio27/61-32D is
used for LDPE and r-PET mixing purposes. Pallletrmachine model C.F SCHEER
is used to palletize the extruded LDPE and r-PEXtune¢ before going through
compression moulding process. Then, compression Idimgu is done using
compression moulding machine at PETRONAS Reseadrh Bhd. (PRSB). For

testing purposes, Universal Testing Machine (UTMPRSB is used for tensile test.

Then, three-point bending method is used in detangiflexural strength of
the specimen. Izod impact test is done to detegriie composite’s impact strength.

Scanning Electron Microscope (SEM) is used to eramiorphology of the blends.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Tensile Strength

Tensile test has been done to the specimens usmgerdal Testing Machine
(UTM). Result of the test is shown in Table 4.1.

Table 4.1: Tensile strength of the specimens.

Tensile Strength (M Pa)
o Undrawn Drawn
= Pure LDPE| Undrawn Drawn LDPE/rPET/ | LDPE/r-PET/
‘E LDPE/r-PET | LDPE/r-PET Coupling Coupling
agent agent
1 6.58 7.57 8.19 7.89 9.04
2 8.28 8.15 8.64 8.32 8.58
3 6.95 7.76 8.43 9.88 11.03
4 8.35 8.13 8.33 9.69 11.19
5 7.81 7.93 8.21 8.20 9.48
Avg 7.60 7.91 8.36 8.79 9.87
Std 0.80 0.25 0.18 0.92 1.18

From the tensile test result, tensile strengthhefdpecimen is increasing for
pure LDPE, undrawn LDPE/r-PET and drawn LDPE/r-PHEnsile strength of
drawn LDPE/r-PET compared than pure LDPE incredsgdl0% while tensile
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strength of drawn LDPE/r-PET compare than undrai@PE/r-PET increased by
6%.

For pure LDPE, undrawn LDPE/r-PET/compatibilizerdadrawn LDPE/r-
PET/compatibilizer, there are improvements in tensirength. Tensile strength of
drawn LDPE/r-PET/compatibilizer compared than puf2PE increased by 18%
while tensile strength of drawn LDPE/r-PET/compiitibr compare than undrawn
LDPE/r-PET/compatibilizer increased by 12%. Data fensile strength are
summarized in Figure 4.2.

12.00 - 9.87
8.79
__10.00 -
O
% 7.60 791 8.36
< 8.00 -
<
e}
0
S 6.00 -
&
= 4.00 -
(%]
c
2
2.00 -
0.00 T T T T 1
Pure LDPE Undrawn Drawn Undrawn Drawn LDPE
LDPE/PET LDPE/PET LDPE/PET/ /PET/ Coupling
Coupling agent agent

Figure 4.1: Graph of tensile strength for the @sjgecimens.

Morphological characteristics of the samples wetalisd using Scanning
Electron Microscope (SEM) machine.

From the SEM micrograph, differences can be seerthé specimens.
Undrawn LDPE/r-PET specimen (a) shows sphere sldpBPET while drawn
LDPE/r-PET specimen (b) shows fibril shape of PEJo it is proven that
microfibrils are formed during the drawing processl act as reinforcement to help
improving tensile strength of the blends.

To see the effect of compatibilizer towards morphgl of the blend, Figure
4.2(a) and 4.2(c) is compared. With compatibilizecan be seen that LDPE and r-
PET molecules are well blended compare than witkountpatibilizer. It shows that
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better blending between LDPE and r-PET with aiccapatibilizer has enhanced
mechanical properties of the blend by improvingifécial adhesion between the

matrix and reinforcement.

i - i 3
Mag= 100KX EHT=1500kv  Date:11Jan2012 Time :11:02:52 Mag= 100KX EHT=1500kv  Date 6 Jan 2012 Tirne :15:43:12
WD = 10mm Signal A = SE1 Universiti Teknologi PETRONAS WD= 10mm Signal A = SE1 Universiti Teknologi PETRONAS

v ~ i 1 ; T

D w7

p L k. v i _
. Mag= 100KX EHT=1500kv  Date 6 Jan 2012 Time :16:47:03 Mag= 1.00KX EHT=1500Kk  Date 6 Jan2012 Time :1563,08

! WD= 10mm Signal A = SE1 Universiti Teknologi PETRONAS WD= 10mm Signal A = SE1 Universiti Teknologi PETRONAS
. e ™ P il S ~ - e 7 e - /

Figure 4.2: SEM pictures: (a) undrawn LDPE/r-PEYdtawn LDPE/r-PET (c)
undrawn LDPE/r-PET/coupling agent (d) drawn LDPEET/coupling agent.

4.2 Flexural Strength

Flexural test was done using three-point bendinthateto determine toughness of
the specimens. Universal Testing Machine (UTM) sedito do this experiment.

Flexural strength of the tested specimens is showiable 4.2.

In Undrawn LDPE/r-PET specimen, there is one santbat gives lower
flexural strength compared than the other samplashnis 2.58 MPa. In calculating
average and standard deviation, the value is nieglexs it will result in spike in the

data.
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The result shows improvements in flexural strengtiisthe specimens.
Flexural strength of drawn LDPE/r-PET has improveyl 13% compare than
undrawn LDPE/r-PET and improved by 126% compara thae LDPE.

Meanwhile, Undrawn LDPE/r-PET/Coupling agent sampgleows 21%
improvement in flexural strength compare than uwdrd DPE/r-PET and 155%

improvement compare than pure LDPE. Figure 4.3 sarnz@s the flexural strength

result.
Table 4.2: Flexural strength of the specimens.
Flexural Strength (MPa)
o Undrawn Drawn
g' Pure LDPE| Undrawn Drawn LDPE/rPET/ | LDPE/r-PET/
A LDPE/r-PET | LDPE/r-PET Coupling Coupling
agent agent
1 5.04 9.52 11.07 11.50 12.16
2 4.61 9.67 10.00 11.00 12.85
3 4.38 10.09 11.67 11.97 13.10
4 5.55 2.58 11.13 12.69 12.52
5 4.89 9.86 11.32 11.90 11.70
Avg 4.89 9.78 11.04 11.81 12.47
Std 0.45 0.25 0.63 0.62 0.55
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Figure 4.3: Graph of flexural strength for the ¢elsspecimens.

4.3 Impact Strength

Impact test was conducted using the 1zod impateiteResults of the test are shown
in Table 4.3.

Table 4.3: Impact strength of the specimens.

Impact Strength (kJ/m?)

o Undrawn Drawn
g' Pure LDPE| Undrawn Drawn LDPE/rPET/ | LDPE/rPET/
& LDPE/r-PET | LDPE/r-PET Coupling Coupling
agent agent
1 54.18 2.37 2.20 2.13 4.09
2 50.49 2.09 2.73 2.62 3.43
3 44.02 2.29 2.46 2.48 3.20
4 64.12 2.20 2.57 2.27 3.51
5 55.50 2.16 2.40 2.53 3.14
Avg 53.66 2.22 2.47 241 3.47
Std 7.35 0.11 0.20 0.20 0.38
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Impact strength of the Pure PE is way higher tha&nother specimens with r-
PET. The inclusion of r-PET increased the brittksnef the sample and results in
reduction of impact strength. However, comparingoaet strength of undrawn
LDPE/r-PET and drawn LDPE/r-PET, there is incremehtl0% for the impact
strength of undrawn LDPE/r-PET to drawn LDPE/r-PHT shows the effect of
microfibrillar towards toughness of the specimens.

To study the effect of coupling agent, undrawn LIXFEET and undrawn
LDPE/r-PET/coupling agent is compared. There is 8Pbincrement in impact
strength between undrawn LDPE/r-PET and undrawnB/BPET/coupling agent. It
shows that compatibilizer helps improving impaatesgth of the composite by
giving better bonding between the microfibrils amkde matrix. Figure 4.4
summarizes the impact strength of the specimens.
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Figure 4.4: Graph of impact strength for the tesigecimens.
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CHAPTERS

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Conclusions that can be drawn from this study are:

1. Microfibrillar composite has been successfully feated using 70/30 ratio of
LDPE/r-PET.

2. Microfibrillar is proven to improve tensile stretigvf drawn LDPE/r-PET by
6% when compared with undrawn LDPE/r-PET and imerdiexural
strength by 13%. When comparing with pure LDPEsilerstrength of drawn
LDPE/r-PET increased by 10% and flexural strengtngased by 126%.

3. Coupling agent managed to improve tensile streafjthe undrawn LDPE/r-
PET/Coupling agent composite by 12% compared thairawn LDPE/r-
PET and improve flexuradtrength by 21%. Compared to pure LDPE, tensile
strength of drawn LDPE/r-PET increased by 18% and flexurakrgith
increased by 155%.

4. Impact strength of drawd.DPE/r-PET improved by 10% compared than
undrawn LDPE/r-PET but it is reduced by 95% whempared to pure
LDPE. For undrawn LDPE/r-PET/coupling agent specimmpact strength
improved by 9% compared to undrawn LDPE/r-PET bbemvcompared to
pure LDPE, impact strength value is decreased Bf. 96

5. LDPE/r-PET MFCs are more suitable in applicatidmat require tensile and
flexural strengths and not suitable in applicatidhat need high impact
strength.
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5.2 Recommendation

The most crucial part in this study is fabricatithg microfibrillar by drawing. As

UTP do not have any drawing machine, drawing isedoranually and it is very
challenging to produce a good drawn composite.h&sresult, the microfibrils are
not drawn properly and some of them are in ‘cigduape instead of microfibrils as
seen through SEM.

In terms of mixing, the mixture of LDPE/r-PET sihd be extruded at least
two times to produce better mixing. So that, goeglulit can be achieved as LDPE/r-
PET is well blended and well distributed in the@gpen.

30



REFERENCES

[1] Crawford R. 1987PRlastics EngineeringButterworth Heinemann
[2] Yuan Y.C., 2008, “Self-healing in Polymers and Pody Composites.
Concepts, Realization and Outlook: A reviewXPRESS Polymer Lette2s
(4): 238-250
[3] Shields, R.J., Bhattacharyya and D., Fakirov, 8082 “Oxygen permeability
analysis of microfibril reinforced composites frorRE/PET blends,”
Composite39: 940-949
[4] Jayanaranan, K., Thomas, S. and Joseph, K., 200&phology, static and
dynamic mechanical properties of in situ microfiari composites based on
polypropylene/poly(ethylene terephthalate) blen@imposite89: 164-175
[5] Utracki, L.A. 2002 Polymer Blends HandbopKluwer Academic Publishers
[6] Jayanarayanan, K., Thomas, S. and Joseph, K., 2Bl &itu microfibrillar
blends and composites of polypropylene and polylette terephthalate):
Morphology and thermal propertiesidurnal of Polymer Researd8: 1-11
[7] Jankausaite, V., Macijauskas, G. and Lygaitis, K08, “Polyethylene
Terephthalate Waste Recycling and Application pmisses: a Review,”
Material Science (Medziagotyi}}(2): 119-127
[8] Fakirov, S., Bhattacharyya, D. and Shields, R.,8208lanofibril reinforced
composites from polymer blendsColloids and Surfaces A: Physiochemical
Engineering Aspect3l3-314: 2-8
[9] Lei, Y., Wu, Q., Clemons, C. and Guo, W., 2009, 4B structure and
Properties of Poly(ethylene terephthalate)/High-$¥grPolyethylene Based
on Recycled Materials,Journal of Applied Polymer Sciendd3: 1710-
1719
[10] Lei, Y., Wu, Q. and Zhang, Q., 2009, “Morphologydaproperties of
microfibrillar composites based on recycled poly(#tne terephthalate)
and high density polyethyleneCompositegl0: 904-912
[11] Standard Test Method, 200#%iensile Properties of Plastic®638-03, 50-
63, ASTM International.
[12] Standard Test Method, 200&Jexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Masds, D790-03, ASTM

International.

31



[13] Standard Test Method, 200Retermining the lzod Pendulum Impact
Resistance of Plastic©256-05, ASTM International.

[14] Fuchs, C., Bhattacharrya, D. and Fakirov S., 2008B¢rofibril reinforced
polymer-polymer composites: Application of Tsai{Hquation to PP/PET
composites,Composites Science and Technol66y 3161-3171

[15] Sarkissova, M., Harrats, C., Groeninckx, G. andria® S., 2004, “Design
and charecterisation of Microfibrillar reinforcedraposite materials based
on PET/PA12 blendsComposite$5: 489-499

[16] Yi, X., Xu, L., Wang, Y., Zhong, G., Ji, X. and LZ., 2010, “Morphology
and properties of isostatic polypropylene/poly(&hg terephthalate) in situ
microfibrillar reinforced blends: Influence of vissity ratio,” European
Polymer Journall6é: 719-730

[17] Li, Z., Li, L., Shen, K., Yang, W., Huang, R. andang M, 2003,
“Transcrystalline Morphology of an in situ Microfidar Poly(ethylene
terephthalate)/Poly(propylene) Blend Fabricatecbubh a Slit Extrusion
Hot Stretching-Quenching Process,” Macromolecular Rapid
Communication®5: 553-558

[18] Serhatkulu, T., Erman, B., Bahar, I. and Fakirov, 395, “Dynamic
mechanical study of amorphous phases in  poly(ateyle
terephthalate)/nylon-6 blend$?blymer38 (12): 2371-2377

[19] Shields, R.J., Bhattacharrya, D., and Fakirov 8082 “Fibrillar polymer-
polymer composites: morphology, properties and iegibns,” Journal of
Material Sciencel3: 6758-6770

[20] Li, Z., Yang, M., Lu, A., Feng J. and Huang R., 200rensile properties of
poly(ethylene terephthalate) and polyethylene in-giicrofiber reinforced
composite formed via slit die extrusion and hoeétsfning,” Materials
Letters56: 756-762

[21] Friedrich, K., Evstatiev, M., Fakirov, S., EvstatieO., Ishii, M. and
Harrass, M., 2005, “Microfibrillar reinforced comgites from PET/PP
blends: processing, morphology and mechanical ptiegsg¢ Composites
Science and Technolog%: 107-116

[22] Taepaiboon, P., Junkasem, J., Dangtungee, R., Asakchai, T. and
Supaphol P., 2006, If Situ Microfibrillar-Reinforced Composites of
Isostatic Polypropylene/Recycled Poly (ethylenegbthalate) System and

32



Effects of Compatibilizer,Journal of Applied Polymer Scien&62: 1173-
1181

[23] Jayanaranan, K., Jose, T., Thomas, S. and Josepl2089, “Effects of
draw ratio on the microstructure, thermal, tenaiel dynamic rheological
properties of insitu microfibrillar compositesZuropean Polymer Journal
45: 1738-1747

[24] Jayanaranan, K., Thomas, S. and Joseph, K., 20f@fuénce of cold
drawing on the properties of microfibrillar strued insitu composites from
PP and PET,” International Conference on Advances in Polymer
Technology253-256.

[25] Evstatiev, M. and Nicolov, N., 1996, “Morphology ahicrofibrillar
reinforced composites PET/PA 6 blenBgdlymer37(20): 4455-4463

[26] Zhong, G., Li, Z., Li, L. and Shen, K., 2008, “Cig#tization of oriented
isostatic poplypropylene (iPP) in the presence rofsitu poly(ethylene
terephthalate) (PET) microfibrilsPolymer49: 4271-4278

[27] Xu, X., Li, Z., Yang, M., Jiang, S. and Huang, R005, “The role of the
surface microstructure of the microfibrils in aredtically conductive
microfibrillar  carbon  black/poly(ethylene terephtita)/polyethylene
composite,"Carbon43: 1479-1487

[28] Fakirov, S. and Evstatiev, M., 199Bhe Interfacial Interactions in
Polymeric Composites (Editted by Akovali G.), Kluwer Academic
Publisher

[29] Shields R.J., 2008 haracterization of the mechanical and oxygen lgarri
properties of microfibril reinforced composite®h.D Thesis, Auckland
University, New Zealand

[30] Ballauri B., Trabuio M andLa Mantia F.Eompatibilization of Recycled
Polyethyleneterephthalate/Polypropylene Blends tJsan Functionalized
Rubber

[31] Vasile C. & Pascu M. 2005Practical Guide to PolyethyleneRapra
Technology Limited

[32] White J. & Choi D. 2005Polyolefins Processing, Structure Development
and PropertiesHanser Publishers

[33] Callister W. 2007Material Science and Engineering: An Introductidohn
Wiley & Sons

33



[34] Utracki L. A. 1998 Commercial Polymer Blend€hapman & Hall.

[35] Low-density polyethylene: branched form of polyddme. [Art]. In
Encyclopaedia Britannica Retrieved on 4 Dec 2011 from
<http://www.britannica.com/EBchecked/media/2948/bn@nched-form-

of-polyethylene-known-as-low-density-polyethylene
[36] Peacock A. 2000Handbook of Polyethylene: Structures, Propertiesl an

Applications Marcel Dekker, Inc.

[37] Evstatiev, M., Fakirov, S., Krasteva, B., FriedrickK., Covas, J.A.
and Cunha, A.M., 2002, “Recycling of poly(ethylemerephthalate) as
polymer-polymer compositesPolymer Engineering and Sciende 826-
835

34



APPENDIX A

35



Titan Chemicals TITANLENE® LDI300YY Low density polyethylene resin

Categories: Polymer; Thermoplastic; Polyethylene; LDPE; Low Density Polyethylene (LDPE), Molded

Material Notes: Low density polyethylene for injection molding
Applications:

Medium sized moldings
Cosmetic containers
Bottle closures

Food containers

Additives: Barefoot
Advantages:

o High stiffness
e Good toughness
e Excellent gloss

Information provided by Titan Chemicals

Vendors: No vendors are listed for this material. Please click here if you are a supplier and would like information on how to add your listing to this material.

Physical Properties Metric English Comments
Base Resin Density 0.920 g/cc 0.0332 Ib/in® ASTM D1505
Base Resin Melt Index 20.0 g/10 min 20.0 g/10 min ASTM D1238
Mechanical Properties Metric English Comments
Tensile Strength at Break 9.81 MPa 1420 psi ASTM D638
Tensile Strength, Yield 11.8 MPa 1710 psi ASTM D638
Elongation at Break 120 % 120 % ASTM D638
1% Secant Modulus 186.32 MPa 27024 psi ASTM D638
Thermal Properties Metric English Comments
Vicat Softening Point 87.0°C 189 °F resin; ASTM D1525
Brittleness Temperature -35.0°C -31.0 °F ASTM D746
Processing Properties Metric English Comments
Melt Temperature 160 - 240 °C 320 - 464 °F

Mold Temperature 15.0-50.0 °C 59.0 - 122 °F

Some of the values displayed above may have been converted from their original units and/or rounded in order to display the information in a consistent format. Users requiring more precise data for scientific or
engineering calculations can click on the property value to see the original value as well as raw conversions to equivalent units. We advise that you only use the original value or one of its raw conversions in your
calculations to minimize rounding error. We also ask that you refer to MatWeb's terms of use regarding this information. Click here to view all the property values for this datasheet as they were originally entered into

MatWeb.

MatWeb, Your Source for Materials Information - WWW.MATWEB.COM /
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DuPont Packaging & Industrial Polymers
The miracles of science~

DuPont™ Fusabond® P 613

Fusabond® resins Product Data Sheet

Description

Product Description DuPont™ Fusabond® P613 is a anhydride modified polypropylene.
Restrictions

Material Status e Commercial: Active

Availability e Globally

Typical Characteristics

Uses e Polymer Modifier

Applications Coupling agent, short glass fiber filled PP

Typical Properties

Physical Nominal Values Test Method (s)
Density () 0.903 g/cm? ASTM D792 ISO 1183
Melt Flow Rate (190°C/1.0kg, 49 g/10 min ASTM D1238 ISO 1133
measured value)

Melt Index (190°C/2.16kg, estimated 120 g/10 min ASTM D1238 ISO 1133
value)

Thermal Nominal Values Test Method (s)
Melting Point (DSC) 162°C (324°F) ASTM D3418 ISO 3146

Processing Information
General
Maximum Processing Temperature 300°C (572°F)

FDA Status Information FUSABOND P613 resin conforms with the Code of Federal Regulations, Title 21,
Paragraph 175.105, covering the use of adhesive interlayers in composite
packages for food use. This regulation describes adhesives which may be safely
used as components of articles intended for use in packaging, transporting or
holding food. This regulation requires that either (1) the adhesive is separated from
the food by a functional barrier, or (2) the quantity of adhesive which contacts fatty
or aqueous foods does not exceed the trace amounts at the seams or edges.
Customers should satisfy themselves that the food contact material is serving as a
functional barrier to the adhesive.

Regulatory Information For information on regulatory compliance outside of the U.S., consult your local
DuPont representative.

Safety & Handling As with any hot material, care should be taken to protect the hands and other
exposed parts of the body when working with molten polymer.
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At temperatures above300°C (572°F), these resins can evolve low concentrations
of fumes. When resins are overheated, more extensive decomposition may occur.
Because fumes produced during exposure to high temperatures may be
combustible, exposure of overheated resin to atmospheric oxygen should be
avoided if possible. Adequate local ventilation should be provided to remove the
fumes from the work area.

Disposal of scrap material presents no special problems, and may be accomplished
by landfill or by incineration by a properly operated incinerator Disposal should
comply with local, state, and federal regulations. Resin pellets can be a slipping
hazard. Loose pellets should be swept up promptly to prevent falls.

For more detailed information on the safe handling and disposal of these resins a
Product Safety Bulletin and OSHA Material Safety Data Sheets can be obtained
from the Regional Office serving you.

Read and Understand the Material Safety Data Sheet (MSDS) before using this product

Regional Centres

DuPont operates in more than 70 countries. For help finding a local representative, please contact one of the
following regional customer contact centers:

Americas

DuPont Company, BMP26-2215
Lancaster Pike & Route 141
Wilmington, DE 19805 U.S.A.
Telephone +1 302-774-1161

Toll-free (USA) 800-628-6208, ext. 6

Fax +1 302-355-4056

Asia Pacific Europe / Middle East / Africa

DuPont China Holding Co., Ltd.

Shanghai Branch

399 Keyuan Road, Bldg. 11
Zhangjiang Hi-Tech Park
Pudong New District, Shanghai
P.R. China (Postcode: 201203)
Telephone +86 21 3862 2888

DuPont de Nemours Int'l. S.A.

2,Chemin du Pavillon Box 50
CH-1218 Le Grand Saconnex
Geneva, Switzerland
Telephone +41 22 717 51 11
Fax +41 22 717 55 00

Fax +86-21-3862-2889

DuPont do Brasil, S.A.
Alameda Itapecuru, 506
06454-080 Barueri, SP Brasil
Telephone +55 11 4166 8000
Fax +55 11 4166 8736

The data listed here fall within the normal range of properties, but
they should not be used to establish specification limits nor used alone
as the basis of design. The DuPont Company assumes no
obligations or liability for any advice furnished or for any results
obtained with respect to this information. All such advice is given and
accepted at the buyer's risk. The disclosure of information herein is
not a licence to operate under, or a recommendation to infringe, any
patent of DuPont or others. Since DuPont cannot anticipate all
variations in actual end-use conditions, DuPont makes no warranties
and assumes no liability in connection with any use of this
information.

http://fusabond.dupont.com

CAUTION: Do not use DuPont materials in medical applications
involving implantations in the human body or contact with internal body
fluids or tissues unless the material has been provided from DuPont
under a written contract that is consistent with DuPont policy regarding
medicalk applications and expressly acknowledges the contemplated
use. For further information, please contact your DuPont representative.
You may also request a copy of DuPont POLICY Regarding Medical
Applications H-50103-3 and DuPont CAUTION Regarding Medical
Applications H-50102-3.

Copyright © 2009 DuPont. The DuPont Oval Logo, DuPont™, The
miracles of science™, and trademarks designated with "®" are
registered trademarks or trademarks of E.l. du Pont de Nemours and
Company or its affiliates. All rights reserved.

This data sheet is effective as of 01/11/2010 1:31PM and supersedes all previous versions.
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