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CHAPTER 1

INTRODUCTION

1.1 Statement of Problems

Plastics are used extensively in packaging due to their outstanding physical,
mechanical and chemical properties. The wse of plastics has grown faster than any
other group of materials in the packaging industry. The vigorous growth has been
driven by a material substitution-trend, the flexibility in design and wide range in
product protection [1]. Espe€ially, shrink film has widely been used in plastic industry;
i.e, CD, DVD, food and beverage cans. Shrink film can be processed by a blown film
extrusion. In this process, the melted poilglmer is extruded through an annular die to
form a continuous tube. Then, the moving;t_l_;b'lular film 1s stretched and inflated by an
internal air pressure, slightly higher thari_f’the atmospheric pressure, and creates a
“bubble”. This bubble is cooléd by an air;ie-ijc‘;"‘ﬂowing from an air ring toward its
outside surface. Therefore, the polymer is :lr‘ﬁb-.l-tén betwgen the annular die and the
freeze-line, above swhich it is solidified completely.” The crucial factor, which
determines physical and mechanical properties of film, including the tensile strength,
tear resistance, heat seal and'optical characteristics, has been found to be the amount of
frozen-in stresses in‘the-film at the-freeze-line'[2]./~The'molecules of polymer tend to
become.aligned. in.the direction of the orienting force,, for orientation of blown film,
which is'biaxial ortented [3]. Afterthat, Shrink wrapping starts with 10osely sealing the
plastic around the product, followed by passing package through a shrink tunnel,
where it is exposed to heat. The materials used to produce shrink film in the market are
consisted of two basic categories: polyvinyl chloride (PVC) and polyolefins which was
low density polyethylene (LDPE). PVC films are temperature sensitive and they

develop a tendency to shatter and split at low temperature. When PVC films run on a



sealing system, a build-up carbon char will occur; otherwise the carbon char will
interfere with the sealing process. For this problem, the shrink film in the market is
dominated by using LDPE. The advantages of LDPE are flexible, sealable,
transparent, easy to process, and therefore, use of meet Food and Drug Administration
(FDA) requirement for direct to food contact [4]. The LDPE shrink film in the future
tends to be increased. For this reason, the developments of high quality of LDPE
shrink film are more interest. The aim of the present study is to improve the
shrinkability of LDPE shrink film by using natural rubber (NR) i.e., reclaimed rubber
(RR) and NR latex and then-produced film by using blown film extrusion. The unique
properties of NR are elastieally. flexible and strain-induced crystallization. These
properties are related to shtink film applications. Additionally, the main advantages of
using RR/LDPE and NR/LDPE blend és:"the shrink film in this study was safety
because the reclaimed reagent, compatibiiizé’r and curing agent were not required and
the blending process was not complicate&_.The physical, optical, thermal, dynamic
mechanical, morphological, mechanical fﬂ:;qpe_rties and properties shrinkability of

blend films were investigated. Finally. the mEcHanism of strain-induced crystallization

during blown NR/LDRE film process was also pfoposed.

1.2 Objectives
1.2.1/2° T study shrifikability) and-thérimal propetties-of NR/LDPE film

1.2.2 ©To study possibility of NR/LDPE blend without compatibilizer

1.3 Scope of the Investigation
1.3.1 Surveying of the literature
1.3.2 Design and prepare experimental procedure
1.3.3 Preparation of the RR/LDPE blend by mixing the RR with LDPE
directly in a beaker. The ratio of RR to mix with LDPE: 0.5, 1, 2 and

5 phr



1.3.4

1.3.5

1.3.6

1.3.7

1.3.8

12329

1.3.10

1.3.11

1.3.12

Preparation of the NR/LDPE blend by mixing the NR latex with

LDPE directly in a beaker and dried in circulated oven under the

temperature of 80°C for 30 min. The ratio of NR to mix with LDPE:

1,5 and 7.5 phr

Preparation of NR/LDPE blends by HAAKE internal mixer and

varying parameters as follows:

a) Time for internal mixing: 7, 8, 9, 10 min

b) Rotor speed 40, 50 rpim

¢) Tempesatuse-t60, 175, 180°C

Investigation™ of the compatibility of NR/LDPE compound and

NR/LDEE film by Scanning Electron Microscope (SEM)

Preparation /of NR/LD_I:E film by blown film extrusion with

parameters as follows: "';. .

a) Temperature zone: feeh zone 180-190°C, screw zone 210-230°C
and die Zone 230 240 C‘ =

b) Screw speed 60 rpm T“

c) _Drawn speed 200- 250%

d) Fllm wildithill cm

e) Film thickness 30 (im

Studysthe-physical,; eptical properties, (ASTM D1746) and density

(ASTM D1622) of NR/LDPE film

Strdythe erystatinitycof NR/EDPE film by X=ray-diffraction (XRD)

Study the morphology of NR/LDPE blend compound and NR/LDPE

film by SEM

Study the thermal properties of NR/LDPE film by Differential

Scanning Calorimeter (DSC)

Study the dynamic mechanical analysis (DMA) of NR/LDPE film



1.3.13 Study the mechanical properties of NR/LDPE film: tensile strength
and elongation (ASTM D882), hardness (ASTM D2240), tear
strength (ASTM D1938) and impact resistance (ASTM D1709)

1.3.14 Study the heat shrinkability (ISO 1150) of NR/LDPE film by
circulate oven

1.3.15 Comparison of the physical, optical, density, crystalinity,

amic mechanical, mechanical properties,

1.3.16
1.3.17

R
{
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CHAPTER 11

THEORY AND LITERATURE REVIEWS

2.1 Low Density Polyethylene (LDPE)

LDPE has the general structure as shown in Figure 2.1. Its molecule contains
many short and long branch chains. The sheti#branches primarily consist of ethyl and
butyl branches, which are often located near each 6ther. LDPE is polydisperse in terms
of its molecular weight,long. ehain branching length and placement and short chain

branching. .‘

Figure 2.1 Principa.l‘\‘}.é_r-.i:ahts of LDPE.

LDPE was produced from ethylene monomer m a high pressure reaction via
free radical polymerization, which was consisted of the four basic steps as follows:
initiation, propagation,-chain transfer, and termination. These'steps are illustrated in
Figure 2.2. In the first step, the initiator creates an active site on the monomer, as
indicated by the unpaired electron. During propagation, the active reacts with another
monomer, thereby adding the monomer residue to the end of the chain and generating
a new active site, causing the chain to grow. Chain growth is terminated when the
active site becomes deactivated. A chain transfer is an alternate reaction of the active
site. In this process, an active site transfers to another molecule creating one

terminated species and new activated species [5].



CH; R CH,
a) R 4 HC’// — \C/
2 Hp
e CH
b) CH2 CHy — /C\ e
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S§b; R Y wc?
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Figure 2.2 Chain grmﬂl polymerization exemplified by-free radical polymerization
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2.1.1 Properties of LDPE

LDPE is a branched thermoplastic polyethylene with melt flow index (MFI)
between 0.2 and 20 g/10 min. The high levels of branching found in LDPE disrupt its
ability to crystallize, which limits its density in the solid state to approximately 0.915
to 0.942 g/cmS, which equates to crystallinity levels ranging from approximately 30 to
55%. The highly branched nature of LDPE and its broad molecular weight distribution
give it high melt strength and good shear thinning properties, which are desirable
processing characteristics.. Chain-branching yi€lds desirable characteristics such as
clarity, flexibility, sealability; and case cf processing. LDPE has modest stiffness and
moderately high tear-and umpact resistlance. Films made from LDPE are relative
transparent, because «their sSphemulites a;rc,l_ generally significantly smaller than the
wavelength of light. Dae to'its rheologice_rl characteristics, LDPE can be processed by
blown film extrusion, east film extrusmrll,, extrusmn coating, extrusion molding, or
blow molding. Film is the smgle largcst prqductlon from of LDPE; in the U.S.A., 55
percent of the total LDPE produced is madi ﬁito films with thickness under 12 mils
(300 microns). LDPE has a low melting::.tcll:‘nperature range (98 to 115°C) and,
therefore, is an easily-sealable-material-a property of great value in flexible packaging.
When compared Witﬁ other plastics, LDPE providcs an excellent barrier to water. On
the other hand, it sho§vs one of the highest permeability values for oxygen, carbon
dioxide, and organig¢ vapors. Containers, bags for food and clething, industrial liners,

vapors barriers, agricultural films, household products, and shrinks and stretch-wrap

films are commonly fabricated from LDPE[1].



Table 2.1 Properties of LDPE

Properties

Density, g/cc 0.91 to 0.925
Yield, in*/Ib.mil x10~ 30
Tensile strength, kpsi 1.2t02.5
Elongation at break, % 225 to 600
Impact strength, kg.cm 7to 11
Elmendorf tear strength, g/ 100 to 400
WVTR, g.mil/100 in® d 7 1.2
Oxygen transmission ra 250 to 280
@77 °F and 0% RH . A\

CO, permeability, cm’ n? day:atm ( 500 to 5000
and 0% RH | 2 LI

Resistance to grease and ad 7 Varies
Dimensional change at high '- 0
Haze, % T 50 4to 10
Light transmission, % a 65
Heat-seal tempera .VJ ; 150 -350
Service temperature range, F =70 to 180

‘o

20 to 40

AMIAN TN INGINY



2.2 Reclaimed Rubber (RR) [6]

RR is manufactured from waste rubber products like scrap tires and tubes. RR
i1s mostly used in making tires, rubber sheets, tiles, mats and tubeless tires. With the
rapidly growing rubber industry, rubber wastage is also increasing. However, the
rubber industry has found the innovative way of making and using RR in a variety of

applications.

2.2.1 Uses of RR

RR is used in differeént proportions for produeing various rubber products.

Application of RR is secen in thesmaking of following industrial products.

. Automotive tires - I . Bicycle tires

. Tire flaps J . Battery containers
. V belts & conyeyor belts . Shoe soles

. Different types & sizes of m;tg o Rubber sheets

. Extruded & molded subber g(;)d§ L * Butyl inner tubes
. Tire.nper liners . Adhesives

. Cable compound . Sound dampers

. Cycle tubes . Automobile parts
. 1wo, three & four wheeler auto tubes

2.2.2 RR Manufacturing Processes

There are a number of manufacturing processes for RR.
2.2.2.1 Thermal processes
2.2.2.2 Thermo-mechanical processes
2.2.2.3 Mechano-chemical methods

2.2.2.4 Microwave recycling
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2.2.2.5 Ultrasound recycling
2.2.2.6 Biotechnological processes

2.2.2.7 Devulcanization in supercritical carbon dioxide

The most widely used rubber reclamation process includes shredding of tires

and other rubber wastes to suitable size with the help of tire shredder and other RR

ically removed from the cracked tires.
& nesh size and further mixed with
chemical agents in a reclai

the reclaimator is keﬁ 204-260 for the desirable time for de-

vulcanization. Reclaime v ‘the ced and blended with small proportions of

machinery. The fibers are then

Comparatively fiber-free s

Reduged.power consumptio

ﬂ‘uv&lQ BEBINLNS

Fast and uniformprocessing =,

q RIASRATUNBAINYINY
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2.3 Natural Rubber (NR)

The most important source of NR latex is the Heavea brasiliensis trees, now
grown in plantations in many tropical parts of the world. The white sap of the common
milkweed and dandelion is rubber latex. It owes its colloid stability to the presence of
adsorbed proteins at the surface of the rubber particles. These absorbed proteins are in
the anionic state so that the rubber particles carry negative charges at their surfaces.
NR latexes can be preserved by the addition of ammonia or caustic alkali, but its low
rubber content and high nen-rubber solids cOntent severely limits the usefulness of
preserved field latex [6]«Phis naturally occurring polymer is known chemically as cis-

1,4-polyisoprene (Figure 2.3)

CHe
b

HC =€ —%€, = CH,

5

i

Figure 2.3 [soprene structure.

The possibility that the NR molecule might contain a mixture of cis- and
tran- groups was considéredsto be unlikely because such a mixed polymer would have
an irregular structuré and belunable.-to crystallize'in.the mannef'of NR. Infrared studies
have certainly shown that NR was at least 97 percent cis-1,4-polyisoprene and the
other were" 1,2-structure and 3,4=structure [7]. Raw NR latex ‘consists of particles of
rubber hydrocarbon and non rubbers suspended in an aqueous serum phase. The
average dry-rubber content of latex may range between 30 percent and 45 percent. A

typical composition of fresh latex is shown in Table 2.1 [8].
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Table 2.2 Typical composition of fresh latex and dry rubber

Latex composition Latex, % Dry rubber, %
Rubber hydrocarbon 36.0 93.7
Protein 1.4 2.2
Carbohydrates 1.6 0.4
Neutral lipids 1.0 2.4
Glycolipids + Phospholipids 0.6 1.0
Inorganic constitutuents 0s5 0.2

Other . 0.4 0.1

Water 58.5 -

2.3.1 Processing of NR

NR is usually considered to havé'-_gogd processing properties. Although it is
tough and “navy” at temperatures.well below 100 °C, it breaks down easily to a
useable plasticity. The efficieney of ma;s_ﬁ"(;.';ltion is lowest at around 100 °C.
Mastication is best carried out below 80 0C ‘(.\_iféll'-cooled open mill) or above 120 °C
(internal mixer). The processability of NR cannot be predicted by any single
parameter, viscosity still remains the most widely used measure of processing quality.
During mixing, .,good confrol of compound-viscosity within_fairly narrow limits is
essential to insure smoeth operation during further-processing, such as extrusion and
injection molding. For NR, a.relatively good cofrelation exists between mixed-batch
viscosity. and raw-rubber viscosity" if the viscosities are not too low or too high.
Unvulcanized compounds of NR have super superior green strength and building tack
compared to other elastomers.

The aim of the present study is using NR latex to improve the shrinkability of
LDPE shrink film. The unique properties of NR latex are elastically, flexible and

strain-induced crystallization. These properties are related to shrink film applications
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especially strain-induced crystallization of NR, more crystallinity is more shrinkability
of film. Additionally, the main advantage of using NR/LDPE blend as the shrink film
in this study was safety because the compatibilizer and curing agent were not required

and the blending process was not complicated.

2.4 Blending Process [9]

Processes for blending vary from Simplest to sophisticated high speed
machine. In most cases it'is-necessary, to achieve both good distribution and good

dispersion for satisfactory'product.

2.4.1 Blend Formation

Polymer blends can be produce&:by mixing two polymers (as melts, lattices,
or in solution) or by‘in situ polymerizét_ipr}_ of a monomer in the presence of a
dissolved polymer. All processes have advantages and disadvantages with respect to
the process, the properties of blends, and ecéﬁéﬁﬁc.

Melt Mixing. The energy taken.iii)_“—i(iuring melt mixing is used for flow
processes and the generation of surfaces of new micro domains. After some time, a
steady state is established and the domain size becomes constant. The high shear fields
create some polymer degradation. The tresulting polymer radicals lead to graft
polymers that provide 'semeé anchoring of domains~No macroscopic demixing occurs
because of the show diffusion resulting from the high viscosities.

Latex Blending consists ‘of two aqueous polymer ‘dispersions. Far lower
temperatures and shear fields are employed than in melt blending. The good mixing of
the latex particles remains after coagulation. The domain size is, however, restricted to
the size of the latex particle themselves; it is not altered by subsequent melting of the

coagulated. No grafting occurs; the blends have low impact strengths.
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Solution Blending involved the mixing of a solution of polymer 2 in solvent
1 with a solution of polymer 3 in the same solvent. Solutions of immiscible polymers
remix, however, at very low concentrations, sometimes under fractionation with
respect to molar masses. Domains grow further on solvent removal by distillation or
freeze-drying. Solutions of thermodynamically miscible polymer 2 and 3 deliver one-
phase blends if no two-phase regions are passed through over the whole concentration
and temperature range during the solvent removal. In such systems, miscible polymers
can be blended to domain of melecular sizes.

In situ Polymerization involves solutions-or gels of polymers in monomers
which are subsequently polymenzed. Three processes can be distinguished. In process
a non-crosslinkable polymier is dissolved in a non-crosslinkable monomer that is
subsequently polymerizg: The industrial‘lj most important process involved a graft
able and crosslinkable rubber in a monofnéf that will convert to a thermoplastic on
polymerization. Process utilizes an alrea&y crosslinked polymer in a crosslinkable

¥

monomer this process produges inter- penetrating networks.
dor g Jd

2.4.2 Influence of Processing Methods on Morphology [10]

2.4.2.1 Internal Mixer

The internal-mixer has beemyused especially for making rubber-based
blends, but it is |also_'a mseful | laboratary tool for| blending a wide range of
thermoplastics, since it allows for the mixing=of small quaintities and for the
monitoring of torque, which is'goveérned by viscosity. It is.a batch'mixer consisting of
counter rotating rotors turning at difference speeds. The degree of mixing is related to
the rotor speed and the time to mixing. The mixer is characterized by high-shear stress

zones where dispersive mixing or homogenization takes place.
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2.4.2.2 Single- and Twin-Screw Extrusion

1. Single-Screw Extruder

The single-screw extruder remains a very common tool for blending
polymers, because of its wide - spread availability. It is, however, a relatively poor
mixing device, owing to its low shear and poor distributive mixing.

2. Twin-Screw Extruder

Co-rotating and counter rotating twin-screw extruder is high-intensity
mixing devices consisting of two screws with'akneading section for intensive mixing.
The entire screw configuration can bebuilt to fit-a-particular requirement. e.g., high
shear, through the addition ef' kneading blocks.

2.4.2.3 Injection Molding

Injection molding is charécférized by complex and nonisothermal flow
into a closed and cooledimold cavity. T-his"'process generally results in an isotropic
skin-core structure. The filling of the rr[é_ld-':cavity occurs through fountain flow.
During molding, the polymer ‘i conté‘('::”tfwith the cooled mold wall freezes

b i A

immediately to form the skin, where the_j_'_sh.ear will be a maximum. Dispersed,
deformable particles will be eloﬁgated in thé él-iréction of flow. The hot core will be
less deformed and has éufﬁcient time to relax. The final result of this complex process
is the so-called skin=core structure. Another major complication associated with

multigated injectionmoldmgrof polymercblendssis thatesubsequent failure usually

occurs at the weld line of the piece.

2.4.3 Morphology Characterization of Blends by Microscopy Technique

[10,11]
Microscopy is uniquely suited to characterize these microstructural
variations. Historically, microscopic studies have been largely qualitative, focused
primarily on the identification and description of the various internal phases. More

recently, there has been a demand to better qualify critical structural parameters in
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order to define more precisely the effect of composition and processing history on the
microscopic properties and appearance of material. The microscopic study of polymer
blends is to develop adequate contrast between the phases of interest. Sometimes, this
contrast occurs naturally, because of differences in reflective index, chemical
composition, or cutting characteristics. Most often, however, it must be enhanced by
staining, etching or extraction.

2.4.3.1 Transmission Electron Microscopy (TEM)

In transmission electron microseopy (TEM), a sample is bombarded
with electrons and the -aumber of eleéctrons whieh travel through the sample is
measured as a function of position. The number of electrons that pass through the
sample is proportional tothe sample thickness and the electron density.

2.4.3.2 Scanning Electror.ldi\./[icroscopy (SEM)

The large sdepth jof ficld of ‘the SEM makes it ideally suited to the
examination of samples with a high-degreéjéf surface relief. This feature, together with
the ease with which fractured surfaces can;l‘;‘e__‘pr_epared, has led to the wide spread use

#e 2 A4

of fractography to study the internal structur? Qf_ polymer blends. The best results have
been obtained when the interr;a{ .phase(s) aré -pgorle bonded and the matrix undergoes
brittle failure. These'cénditions produce surfaces having an assortment of debonded
particles and cavities, which are often used to make crude€ assessments of particle-size
distributions and adhesion - Mierographs-obtained in this, way are more commonly over
interpreted thaniare any other micrographs.

21433, Optical:Microscopy (OM)

The use of optical microscopy in the analysis of polymer blends is
often limited by the small size of typical dispersions. As a result many researchers
routinely defer to higher magnification techniques such as SEM and TEM.

Nonetheless, the ease with which optical observations can be carried out remains a

significant advantage, and by combining various types of illumination, it is sometimes
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possible to produce information that is not readily available by other methods such as

TEM, SEM.

2.4.4 Properties of Blends [5]

Though both miscible and immiscible blends are composite materials, their
properties are very different. A miscible blend will exhibit a single glass transition
temperature that is intermediate between those of the individual polymers. In addition,
the physical properties of the blends will“als6 _exhibit this intermediate behavior.
Immiscible blends, on the.ether hand, ;ill contain.discrete phases of both polymers.
This means that they have two glass traPsition temperatures and that each represents
one of the two compenents” of the blend. (A caveat must be added here in that two
materials that are immiscible with very ;Srr{all domain size will also show a single,
intermediate value for T g). In addition, th:a_ physical properties are often a mixed bag
based on the relative compositioﬁ 6f the two -;)hases, the form of the polymer in the

i

phase, and the connectivity between the twoiilﬁerials.

2.5 Blown Film Extrusion

Blown film extrusion is a continuous process in which the polymer melted,
the melt is for¢ced through an annular die and the resulting tubes inflated with air into
the “bubble” and cooled. Air is always blown on the outside of the bubble to cool the
film; tosincrease production rates, internal bubble cooling ean also\be used. The film is
stretched'in the longitudinal and circumferential directions during production, resulting
in biaxial orientation of the film. The amount and relative degree of stretching
determine the degree of orientation. The circumferential stretching is inherent in the
blowing process. Longitudinal stretching is imparted by drawing of the film between

the extruder and the nip rolls.
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The principal polymers used in blown film production are polyolefins,
although other polymers can also be used. The major applications are those that
require biaxial strength, and include bags of all kinds, as well as agricultural and
construction film. In food packaging, coextruded structures with three to five layers, or
even more, are common, with major markets including packaging for cereal, meat,
snacks, and frozen foods.

The properties of the film are determined by the blow-up ratio and the linear
line speed. The blow-up ratio is the ratio betwecen the diameter of the final tube of film
and that of the die. The inteinal air pressurc that expands the tube into the bubble is
typically supplied through a.portinto the mandrel, the interior part of the die. Once the
process is running steadily: little air is usually lost, so make-up requirements are small.
When internal bubble cooling is used, air is constantly being exchanged inside the

bubble [13].

2.5.1 The Machingry of Blown Film Extrusion

The machinery of biown filin exﬁﬁsion can into 2 systems; extruder and
blow film systems

2.5.1.1. Extruder Systems [14]

The purpese.of extruder is tosfeed a die with a homogeneous material at
constant temperature; and- pressure. This definition | highlights three primary
responsibilities that the extruder must accomplish while delivering material to a
shaping die. First, itimust homogenize, or satisfactorily mix, the material. Second, the
material entering the die must have minimal temperature variation with respect to both
time and position within the melt stream. Third, there must be minimal melt pressure
variation with time. It is important that the design and operation of an extrusion system
consider all three of these objectives to produce a quality product. Components of the

extruder can be categorized into five systems (Figure 2.4).
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(b) Feed system

(e) Instrumentation & control system

(d) Head/

Die system
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Figure 2.4 The five extruder hardware sysﬁ@sf (a) Drive system, (b) Feed system,
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(c) Screw/barrel system, (d) Head/die systegﬁ% (e) Instrumentation and control system.
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2:5:1.2.Blown Kilny Systems

Blown film systems cover hardware specific to blown film extrusion. It
is organhizéd by the dordeér inywhich matérial flows through/the€xttlisién line, beginning
upstream of the extruder and proceeding through wind up. The major sections are in

this system as shown in Scheme 1.



(b) Grooved feed throat

J
Die Screen
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(c) Screws for blown film extrusion - ring
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(f) Bubble stabilization
(g) Haul-off (h) Winders

Scheme 1 Schematic illustrate of blown film systems.
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2.5.2 Processing of Blown Film Extrusion

Blown film extrusion offers excellent manufacturing flexibility because of
the ease with which product geometry (such as film thickness and/or lay flat width)
can be changed without a need to change hardware. Perhaps the most important
processing characteristic, however, is the ability to impart biaxial orientation (the
alignment of the long, chainlike molecules) into the film in a cost effective manner.
Proper molecular orientation in the film is one of the most important objectives of this
process. For example, adequate impact strength*or puncture resistance in a film can be
obtained one or two ways,by Creating 7-suitable orientation or by increasing the film
thickness significantly«="As one would e|xpect, every manufacturer would choose the
former over the much-more€xpensive lafteg, every time.

Biaxial orientation means that polymer molecules are aligned in the plane of
the film, i.e., in both the machine directii;n (MD, along the long axis of the bubble)
and the transverse direction (TD,- afound the‘} hi)Op direction of the bubble). The result
is a tough film that resists tearitig-in eitheriiﬁté‘ction (a kind of “rip-stop” effect), as
opposed to a film that tears easily in one d;réétion (a so called “splitty” film). This
molecular structure is-produced when meltexiting the di€.1S stretched in both MD and
TD at the same time. Therefore, the geometry of the bubble and the process conditions
yielding the geometry are crucial to proper orientation. As mentioned earlier, these
process conditions are highly interdependent. This section proyides an overview of the
relationships between blown film processing, molecular structuregand solid-state film
properties. 'Hereiny 'blown | filmprocessing is characterized| by, bubble geometry,
molecular structure by orientation, and film properties primarily by tensile strength
and tear strength. This approach provides an effective technique for understanding and
applying the fundamental principles involved in these process/structure/property

relationships.
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2.5.3 Process Variables and Bubble Geometry

In this topic defines the response that increasing each of the four main
process variables (nip speed, screw speed, cooling speed, and bubble volume) has on
each of the three main bubble geometric variables (film thickness, bubble diameter,
and frost-line height). An asterisk identifies the primary response to each increase.

When the nip speed increases, the primary effect is for the melt to be
stretched more in MD, making the film thinnes As a result of the film traveling past
the cooling air more quickly, the height ofi-the bubble where the temperature has
dropped to the point of polymer solidification (the fiost line) increases. (It is easy to
mistakenly think that the frost-line heig|ht always increases). As the frost-line height
increases, the small diameter stalk below‘-thle frost line lengthens and the air volume in
the bubble is displaced'moze to the top, be”cayse the bubble contains a fixed volume of
air. This increase in bubble yolume above "lthe frost line pushes the bubble outward to a
higher diameter, also contributing té film th}nnmg

An increase in screw speed results 111 afn increase to all three bubble geometry
variables. The increase in output from the eX’Efﬁder has the primary effect of increasing
film thickness. Als0, @ greater-amount of material resultS i a greater amount of heat
that must be removed from the film. This takes a longer time under constant cooling
conditions, thus increasing.the frost-line high. Again, as the frost line moves upward,
the bubble diameter. increase. The slight thinning e€ffect due te an increase in bubble
diameter is far outweighed by the thickness increase created by greater output.

Increasing the cooling aitspeed causes faster heat removal from the bubble.
Because the film reaches solidification temperature sooner, the primary effect is a
lowering of the frost line. As a result, the bubble diameter decreases from the constant
internal air volume being distributed over a greater distance from frost line to nip
rollers. Because a low bubble diameter means the film is not stretched as much in TD,

the film thickness increase. When more are is inserted into the bubble, bubble volume

increase, primarily the diameter increases by stretching more in TD. The increased TD
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stretching results in thinner film. Thinner film cools more quickly, consequently

lowering the frost line.

2.5.4 Process/Structure/Property Relationship

Molecular structure, as imparted by processing, has a significant influence on
the physical properties of extruded products. This is known as a
process/structure/property relationship. In #the case of blown film, the extruder
conditions and the bubble geometry inﬂuence the molecular structure, which then
affects film performance.
While blown film preeéssing can be q;llantiﬁed with take-up ratio (TUR), blow-up
ratio (BUR), and forming ratio (FR) as éespribed in the previous section, structure is
most readily characterized througly m(j’legular orientation. When molecular are
oriented, they are deformed from their filafﬁral configuration (random coil) into a

stretched and frozen configuration (‘Figure.‘j2;_5)ﬂ on the left, a polymer molecule shown

in its preferred, unstressed state”called a random coil and on the right, after

experiencing stress, in an oriented state. The alignment of long chain molecules in the
solid film increase fenstie-strength—1n the direction Of orientation and improve

toughness and impact properties.

Stress E

Random coil Oriented

Figure 2.5 The deformation of long chain molecules before (random coil) and after

stress (oriented).
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Molecular orientation is measured by various techniques. While most of
these methods (such as infrared dichroism and x-ray diffraction) are conducted only in
research facilities, a method that is readily conducted by the average film processor is
the shrinkage test. In this experiment, square specimens of film are placed on hot oil
for a short time, allowed to shrink, and removed to cool. The length of the specimen in
MD and TD are then measured to determine directional shrinkage, an indication of
original orientation in each direction. While this does not provide a direct measure of
molecular orientation, the technique has beensshown to correlate well with direct
measurement methods.

Several important studies have been conducted to obtain direct measurement
of molecular structure in#blown  films [15-21]. In most cases, these studies seek to
correlate process conditions fo foleeular structure, including orientation and
crystallinity. Further, an attempt is often-;ma'de in these types of studies to relate the
structure to film physicali properties. Mal}l_y physical properties of blown film are
measured to determine fitness for use. Thé"fpt_imary mechanical properties of interest
are tensile properties (strength, modulus, aﬁd !élongation) in MD and TD, puncture
resistance, impact sttength, and MD and ".lgls-fear strength. These are all highly
dependent on moleculér orientation. Other film properties that are measured include
brittleness and optieal clarity. Generalizations can® be made about process/
structure/property grelationshipsthat are shelpful sto the~blown film operator. For
example, an increase in TUR generally results in an increase in MD orientation (Figure
2.6). Subsequently; MD «tensilecstrengthnis higher,gbutoMDy tear strength is lower
because @ tear can be more easily propagate through the oriented molecules. When the
BUR is increased, TD orientation increases. This leads to higher TD tensile strength,

but lower TD tear strength. Finally, when FR approaches one, the MD and TD

mechanical properties of the film tend to be balance, i.e., toward isotropy.
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strength, also known as the St Stress for those materials to

be able to sustain str¢ vides da@regarding the load carrying

capability of the film. Itdsaneasured on a wniversal testing machine (Figure 2.7) that

pulls the endsﬂ Lddhed ?/JLEQJ ol spbolfibd thic i dppbsite dircctions until it

breaks.
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Figure 2.7 A universal testing maéihine used to measure tensile properties.

- #

2.5.5.2 E'fongatlon (ASTM D822)
\
Another gensile property cd‘vered by the same ASTM method as that for

tensile strength is elongation. This propert_yjdescrlbes the ability of the film to stretch
prior to breaking or yielding. A material Wagimtched significantly prior to the break

point is called a ductile material while ongz’ th@t_breaks after only a small degree of

stretching is called 3 Z;rzttle material

¥

vl

2.5.5. 3 Tear Strength (ASTM D1004, D1§92 and D1938)

Tear strength is an important property measured for quality control by
blown film pro€ess i.e.; process stretching (orientation). There are various methods of
measuring tear strength of the filmy as seen by the multiple ASTM methods listed
above.These focus'on, the resistance to either the.initiation of a.tear (rupture) or the
propagation of an existing tear.

2.5.5.4 Impact Resistance (ASTM D1709, D3420 and D4272)

In many film applications the product is subjected to puncture or
impact loads. These types of loads are applied perpendicular to surface of the film.
Therefore, the stresses act biaxially (in both the machine and transverse directions

simultaneously) and are not represented well by a uniaxial test. Impact resistant test
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are designed to biaxially load the film to measure its energy absorbing capability. In
popular method (ASTM D 1709), a five-inch diameter circular film specimen is
clamped into the base of an apparatus. Then a blunt, metal dart is dropped onto the
specimen from a specified height. If the specimen fails, some weight is removed from
the dart and the test is repeated with a new specimen. If the specimen does not fail,
some weight is added to the dart and the test is repeated. This process continues until a

statistically valid number of spemm@r\ﬂTe; tested resulting in the nominal weight to

failure. At that point, the 1mp\ait failure e be determined. It has been shown

for this procedure that frmE:B'é?tweeythe da;:t-su.nﬂace and the film specimen has a

Figure 2.8 Photograp‘ h- showing how friction aW—{ﬁr}pact test on film. Left side

shows fil lubrlcated with powder deforﬁré biaxially, while right side

ShFT‘LTET " ﬁﬂ“ﬁ“’ﬂhﬂ T
A RTENTY TRISTTINYIN Y

Transparency tests provide a measure of the amount of incident light
that passes through a film sample without being scattered. Films with higher values are
called transparent; films with lower value are called translucent.

2.5.5.6 Haze (ASTM D1003)

Haze is a measure of the amount of light that is scattered as it passes

through a film. In the standard test method, a haze meter is used to measure the



28

amount of light scattered outside of a specified beam angle. The meter utilizes the
inside. Surface of a sphere to collect and quantify the amount of scatted light. The

greater degree of light scattering is the higher the value of percent haze.

2.6 Shrink Film [13]

A wrap is the simplest form of plastic package, using a flat piece of plastic
film that is folded or wound around the packaged item. Wraps are used to an extent foe
retail packages, but the larges market i§ stretChowrap for pellet loads of productions,
serving to unitize and-stabilize-them during distribution. Shrink films, like stretch
films, use the tendencCy of a fum to itry to return t0 a smaller dimension after
deformation to provide asight wrap ‘around a packaged object. In shrink film the
product is loosely packaged, and when It is exposed to heat, the film shrinks. The
resistance of the produet on'the ﬁlm proviél‘e_:s ‘Ehe holding force.

To make a shrink film, 'a poly@eﬂf film can be oriented at an elevated
temperature and the orientation “frozen’;__:t;"." rapid cooling. When the film is
subsequently heated, the molecular “memdfﬁi";"éf the polymer causes it to attempt to
return to its original dimensions. Lightly cross-linked 'materials are often used to
increase the tendency t0 shrink. In that case, ¢lectron beam irradiation of the plastic
film produces free radicalssswhich then reaét/to produce cross-links between adjacent
molecules. The presence of these ctossrlinks means.the material will no longer become
liquid and flow at its normal melting temperature:“Fhat, in turn, allews the shrink film
to be exposed to high temperature; at or ‘above it formermelt ‘temperature, without
flow, so these elevated temperatures can be used to promote shrinking.

Shrink wrapping starts with loosely sealing the plastic around the product,
followed by passing the package through a shrink tunnel, where it is exposed to heat.

If the temperature, residence time, and size of the package and product are chosen

properly, then a tightly wrapped package comes out of the shrink tunnel. Because
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exposure to this very brief, even products with some temperature sensitivity can be
packaged in this way. Over time, shrink wrap, like stretch wrap, tends to loosen
somewhat, due to creep and stress relaxation, with the loss of holding power
increasing at higher temperatures. Shrink wrap materials include PE, PP and PVC,

among others.

2.6.1 Shrink Film Categories [22]

The shrink film market is comprised=6f two basic categories; the polyvinyl
chloride (PVC) and polyolefin: Shrink-‘polyethylene is not typically included in the
competitive polyolefins€ategory; “poly”‘I lacks the clarity, gloss and the tight second
skin polyolefin provide. These attributeé are critical for'retail appeal. The polyolefin
“family” consists of film madg from poly%étb_ylene or polyethylene and polypropylene
copolymer resin. PVC ghrink films derivé_tﬁeir properties from additives, which are
primarily plasticizer. As these ﬁlﬁl éges, tﬁg:é)jésticizer migrates and the film reverts to
its brittle state, turning to yellawish color. go%rﬁparison between polyolefin and PVC

film as below; e o=

Polyolefin Filia

- Polyoleﬁnrﬁlm provides superior optical properties, very important
attributes fdr retail appeal.

- During shrinking process, polyolefin films need an air evacuation hole or
multiple perforations.

- Palyolefin film must be@xposed to the correct temperature for the correct
amount of time for proper shrinkage to occur.

- Polyolefin film meet FDA requirement for direct food contact.

PVC Film

- PVC films are temperature sensitive. Develop a tendency to shatter and

split at cold temperature and “shrink back™ when exposed to high

temperature over a period of time.
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- During the shrinking process, PVC film does not need “artificially
created” air escape holes, due the make-up of PVC, the seal typically is
full or small pinholes.

- PVC film requires only heat in order to cut, seal

- When PVC film run on a sealing system, build-up of carbon char will occur,
and will need to be cleaned from sealing head; otherwise the carbon will
interfere the sealing process.

- PVC film do not meet FDA requitetnent for direct food contact.

2.6.2 Shrink Wrapping Machines [23]

The machines that accompany‘-thlese specialty films with their contents all
consist of a device to feed the film to a p%)”ith_ where it can be wrapped loosely around
the product; hot wire sealing devices, vs;hich produce a side seam, seal both ends
closed and cut off the sealed package; and %is:)-called “shrink tunnel” through which
the loosely wrapped object passes-to heat sh_rlrtk the film tightly around the package.
As with conventional box Wwtappers, shrmk wrapping machines range from
inexpensive models used sporadically to-wrap objects préduced one at a time to more
costly machines designed to accept uniformly shaped products that are produced
rapidly and that must berwrapped equally rapidly, at speeds up to 150 packaged per
minute. The simplest and slowest of these machines is the so-called “L-bar sealer”, its
name derived from the shape of the bar that produees the seals. Figure 2.9 shows how
the L-bar sealer works:Since the LLsbar-sealer operates with folded film, as shown, the
manufacturer must supply his firm product in that form. High speed shrink wrapping
machines automate the process, as shown in Figure 2.10, where the shrink tunnel and
film supply roll have been omitted for simplicity. To maintain continuous operation,
the orbital cross sealing mechanism must travel along with the film for a dwell time

sufficient to produce a strong seal and then return to perform the next seal. The arrows

above that device in Figure 2.10 illustrate the necessary reciprocal motion.



(a) Folded Film (b)

Seal Bar

Folded Edge

Open Side

Sealed from

Previous Cycle

(c)
Figure 2.9 The [ -bar sealer for shrink film.
‘_.I_I_ Orbital Cross-
! / Seal Mechanism
Product Flow
- |
Vacuum Belt Outfeed conveyor

Traveling Belt

Figure 2.10 An automatic shrink wrapper.
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Unbalanced shrink properties are advantageous if the item to be wrapped has
an odd shape, but the added cost of the rarely used unbalanced film usually persuades
the buyer to settle for a balanced film.

Shrink temperature and shrink temperature range are also important. The
former should be as low as possible and the latter should be as large as possible to
simplify the operation of the shrink tunnel and to prevent heat damage to package
contents.

Shrink tension is crucial when delicate or easily distorted items are being
shrink wrapped. For example, most commercially-available shrink firms exert a shrink
force on a tin pad of paper that is'so large that the pad tends to curl up into a cylinder
after the firm wrap is heatsShrunle rather than lying flat.

The degree ofsshrinkage Variéé" from about 25 to 75 % and is shrink
temperature dependent. The degree of shx_rin'kage needed depends on the application.
Contour wrapping a highly irregular objéc_t requires a high degree of shrinkage to
produce a neat package; tightening up a ldit;s’enly wrapped regularly shaped package

requires a must lower degree of shrinkage.

2.7 Literature Reviews

Khonakdar et, al.~[24], studied, on- the, thermal and-shrinkage behavior of
stretched peroxide-crosslinked high-density polyethylene (HDPE). The compounding
process-wasacarried, insan-internal mixergwithsspeed; 50apnrat-145°C. Crosslinking
agent (di-fert-butyl cumyl peroxide: BCUP) content was varies 1n a range of 0.5-3%.
The results showed that crosslinking hindered the crystallinzation process by
decreasing the melting and crystallization temperature as well as the total degree of
crystallinity. The stretching ratio had no significant effect on shrink temperature but
rather on ultimate shrinkage. The stretching temperature had relatively significant

influence on the shrink temperature. Crosslinked HDPE stretched at above melting
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point (140 °C) had higher shrink temperature as compared to those stretched at lower
temperature (90 °C). These effects could be reasonably explained by Hoffman theory
and changes in crystallites and total amount of crystallinity.

Dahlan et al. [25] studied on the effect of liquid natural rubber (LNR) as a
compatibilizer in binary blends of 60/40 NR/linear low-density polyethylene (LLDPE)
blends to the morphology and thermal properties. It has been observed that increasing
LNR content decreases T, and AHf which were indicators of the crystalline part of the
blends. The decrease reflects a reduction in.dcgree of crystallinity which was due to
the interference in the.form- of NR' dissolution into the LLDPE phase. The
phenomenon leads to a shift in T  of the amerphous part of LLDPE to higher
temperatures as observedsdby DMA thermograms. The dissolution effect creates better
interactions between thephases leading ‘t(J)"" improvements in the compatibility of the
blends. Further confirmation was obtaineci. through SEM examination.

Haijin et al. [26] studied on the i;i-_ﬂu,ence of molecular architecture and melt
rheological characteristic on the optical prdﬁéfgi_es of low density polyethylene (LDPE)
blown films. The three commercial EDPE bl?)vv‘n film samples used in this study were
LDI1, LD2 and LD3: Density of LD1, LD2 ;;a'LD3 were 0.925, 0.923 and 0.919
g/cm3 respectively. Thé three LDPE films to be tested were produced by blown film
extrusion at the same eonditions. It was found that the DPE sample with higher haze
value exhibits distinctly largerportionsof highenmelecular-weight component, broader
molar mass distribution, and significantly higher side chain branch density.

Mishra, eryaly [27]=studieds ong effect~ofninterchain serosslinking on the
shrinkability of the blends consisting of grafted LDPE and carboxylated nitrile rubber
(XNBR). Two samples had been prepared for this purpose; LDPE/XNBR blends
without compatibilizer, and glycidyl acrylate (GA) grafted LDPE was blended with
XNBR. The results indicated that interchain crosslinking in the grafted LDPE and
XNBR improves the heat shrinkability. Here, crosslinked point between a rubber and

plastic molecule served as a memory point during recovery process.
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Mishra et al. [28] studied on the preparation of a heat shrinkable material
from polycaprolactone (PCL) and epoxidized natural rubber (ENR) blend. The mixing
formulations are PE5050, PE5S050D and PE7030 (ratio as PCL:ENR:DCP). Effect of
crosslinking by dicumyl peroxide (DCP) and rubber content on shrinkable behavior of
the blends was studied. It was found that the crosslinking enhances the heat
shrinkability of the blend, and in the case of uncrosslinked blend containing higher
amount of rubber showed greater heat shrinkability.

Ismail et al. [29] studied to compaie the mechanical and morphological
properties of polypropylene(PP)/ NRand polypiopylene (PP)/recycled rubber (RR)
blends. Thermoplastic elastemcrs (TPEs) were prepared on brabender mixing was
done at 190°C and 50 rpmaséls yarious rubber contents in formulas. The results indicated
that at a similar rubber content, PP/RR: blélid have higher, tensile strength and Young’s
modulus but lower elongation at break ;pd"'stabilization torque than PP/NR blends.
SEM examination of the tensile fracture ::'s_ursface of PP/RR blends indicated that a
higher energy was needed to cause catastrc;ﬂhig failure compared to PP/NR blends.

Sirisinha et al. [30] studied on the%?nﬁﬁence of maleated ethylene propylene
diene rubber (EPDM-g-MA) as é compatibiiiéé; éﬁd a phehol-based antioxidant, on oil
and thermal aging resiétance in 50/50 chlorinated polyethyicne (CPE)/NR blends. The
results found that EPDM-g-MA could decrease phase size of the blend system,
indicating compatibilizing-effect. The,optimal concentration-of EPDM-g-MA was 1
phr. Beyond this concentration, phase size started to increase. The additions of
phenolic, antioxidant, apparently decreased:ithephase size injblends; This was probably
due to the improvement in the thermal stabilization of NR phase in blend providing by
the antioxidant, which led to a reduction in phase coalescence during blending. In
addition, the results of oil and thermal aging resistance were in good agreement with
the morphological results, indicating that the oil resistance and thermal aging

properties based on relative tensile strength in the 50/50 CPE/NR blend were strongly
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controlled by the size of the NR dispersed phase in CPE matrix. The smaller the
dispersed phase size, the higher the resistance to oil and thermal aging.

Chowdhury et al. [31] studied on the correlations of structure, shrinkability
and thermal properties in blends of ethylene vinyl acetate (EVA) and carboylated
nitrile rubber (XNBR). Preparation of samples by dicumyl peroxide (DCP) cured
blends of EVA and XNBR. The results indicated that shrinkability of the blends
depended on the elastomer content, cure time and temperature. With increase in cure
time, the shrinkage was found to decrease. With increase in elastomer content
shrinkability increased up.to-a certain'level of elastomer content (50%) and then
decreased. High temperatutesstietched samples showed higher shrinkage than room
temperature stretched sampless Blend composition and degree of orientation controlled
the thermal stability of the blends: Increégé in EVA (plastic) content i.e. crystallinity
and increase in orientation of blends incré@séd the thermal stability. The values of heat
of fusion were consistent with the values o% percent crystallinity.

Nakason et al. [32]studied on thé‘éffect of compatibilization, blend ratio and
curing system to NR/HDPE blends. In thlS w‘ork an attempt was made to prepare
thermoplastic NRs (TPNRs) based on the blendlng of NR and HDPE via a dynamic
vulcanization process. Various types of compatibilizer were studied in this work
namely: un-modified:"'SP-1045, HRJ-10518 and modified phenolic resin: LNR, PhSP-
PE and PhHRJ:PE.; After-suitable ; types—of, compatibilizer~-were found from the
experiments, various blend ratios of NR/HDPE were 50/50, 60/40 and 70/30.
Furthermorey threey, vuleanization systems) (sulphur,) peroxide=and | mixed curing
systems)iwere used to prepare the thermoplastic vulcanizates (TPVs) via a dynamic
vulcanization. The results were found that TPVs with modified phenolic resin
compatibilizers showed higher tensile strength and elongation at break than those of
the TPVs with un-modified phenolic resin and without compatibilizer. This may be
attributed to chroman ring structure from the reaction of NR and phenolic molecules.

Therefore, it was found that the TPV with PhHRIJ-PE gave a highest tensile strength
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and elongation at break. Increasing the content of the NR gave an increased trended to
elongation at break but decreasing trends in permanent set (expressed as tension set),
tensile strength and hardness. Various vulcanization systems were also used to prepare
TPV, with a mixed curing system showing the highest shear stress and tensile strength,
whilst the sulphur curing system gave the lowest values, and the peroxide curing
system exhibited intermediate values.

Radhesh et al. [33] studied on the LDPE-based thermoplastic elastomers
(TPEs) containing ground tire rubber (GTR)#vith and without dynamic curing. TPEs
composed of LDPE, fresh.iubber (EPDM, NR and-SBR) and GTR (particle size 0.4-
0.7mm) with and without cusifig«Dynamic vulcanization occurred either by sulphur or
by peroxide curatives. dfivestigation the result on the thermo mechanical and
mechanical properties of TPES,  the best performance was achieved by recipes
containing GTR" and EPDM after‘dynaﬁ?.ic‘Vulcanization with sulphur. The ethylene
segments of the EPDM were ¢ompatible ;ithsLDPE. Dynamic curing by sulphur was
traced to an interfacial crosslinking via forfﬁ%_tion of sulphur bridges between the GTR

#eas A4

particles and EPDM. T .



CHAPTER III

EXPERIMENTAL

3.1 Chemicals

3.1.1 LDPE grade D2022, melt flow index 0.25 g/10 min, density 0.92g/cm’,

process temperature 170-230"°€ from TPI polene thailand.

3.1.2 RR powder (reeyele NR mattress) from latex systems company

3.1.3 NR latex(60%.DRE and low ammonia). The percentage of dry rubber

content (% DRC) of LA-NR is 60 from thai rubber latex company

3.2 Apparatus

Apparatus

" -]?r;md, model and Country

Differential scanning calorimetér (DSC)
X-ray diffractometer (XRD)

Twin screw extruder (single layer)
Internal mixer

Blown film extrusion

Scanning electfon microscopy (SEM)
Circulate oven

Universal tensile machine (UTM)
Impact tester (free falling dart)
Transparent test

Dynamic mechanical analysis (DMA)

Hardness test

=T

N‘ei,@sch model 204F Phoenix, Germany
-];ml;er model X8APEX , German
Pilotscale JSW-TEX 300, Japan
HAAKE, Gérman

HAAKE polylab OS-torque rheometer
JEOL model JSM-5410LV, Japan
Memmert model UWB400, German
Instron.model 5565, USA

Instron model DX-8165A, USA

MS57 spherical haze meter, UK.
Netzsch model 242, Germany

Instron model 930/250, USA
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3.3 Procedures

3.3.1 Preparation of RR/LDPE Blend
The formulations of LDPE and RR powder are also presented in Table 3.1.
Then, the blend was subjected to an injection as condition shown in Table 3.1 and the

polymer blend was extruded by blown film extrusion single layer system model

HAAKE polylab OS-torque rheomete

T /ondmon shown in Table 3.2.

Table 3.1 Blend formulati

Blends code \\‘\k LDl LD2 LD5

LDPE (phr) o 100 100

RR powder (phr) 2 5
Table 3.2 Condition for in

Condition Blown film extrusion

Screw speed (rpm)

Temperature ("C »ne 180-190,
Screw zone 210-230,
Dle zone 240- 250 Die zone 230-240

o a2 wﬂmwmm‘

Film Wldth%m)

kaawmmﬂmmmaa
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3.3.2 Preparation of NR/LDPE Blend

LDPE and NR latex were directly mixed in a beaker and then ovened in
circulated oven under the temperature of 80°C for 30 min. The procedure for
preparation of polymer blend and formulations of the blend are also presented in Table
3.3. Then, the obtained product was subjected to an internal mixer and after that the
polymer blend was extruded by blown film extrusion single layer system model
HAAKE polylab OS-torque rheometer as condition as shown in Table 3.4. The best
condition to NR/LDPE blend is a screw spéed of 50 rpm at 160 °C for 7 min [28] and

maximum torque is 55-83.Nin.

Table 3.3 Blend formulations:0 L NR latex

Blends code 100 ~ LDI LD5 LD7.5

LDPE (phr) 100 100 100 100
NR latex (phr) g & 1 5 7.5

b i A

Table 3.4 Condition for internal-mixer and blown £ilm extrusion conditions

Condition Internal mixer Blown film extrusion

Time for mixing (min) 7,8,9,10 -

Screw speed (rpm) 40, 50 60

Temperature ( °C) 160, 175, 180 Feed zone 180-190,
Screw zone 211.0-230,
Die zone 2307240

Drawing speed (%) 200-250

Film width (cm) 10

Film thickness (pim) 30
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The schematic of blown film extrusion is shown in Scheme 2. The film is
stretched in the longitudinal and circumferential directions during production, resulting

in biaxial orientation of the film [3].

FRE-TEEATIWENT UNIT

HAUL OFF UMIT
LTJUSTABLE HEIGHT.

FLAF BOARD TO
GUIDE FILIM TO
NIP ROLLS.

EDGE CUTTING

qurtreniwemy—
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3.3.3 Physical Properties of NR/LDPE Blown Film

3.3.3.1 Transparency Testing [14]

Transparency provides a measure of the clarity of a film sample. The
test provides a measure of the amount of incident light that passes through a film
sample without being scattered. The commercial film interest has a range of
transparency of about 10 — 90% as measured by this test. Films with higher values are
called transparent; films with lower values are called translucent. Transparency is a
property that highly depends on the degree of€rystallinity in the polymer resin. It is
common practice to an attempt to minin;ize crystallinity, hence improve clarity. In
this study, the transparency’ tests wete measured by M57 spherical haze meter.
Transparency tests werc catrried jout acéopding to ASTM D1746. The samples used
were 50 mm in diameter. Fhe/sample shaf}ll haye substantially plane-parallel surfaces

free of dust, grease, scratches, and blemi‘s_hes. The values reported for each sample

were based on an average of fifth measurements.
I

a2 Ay

3.3.4 Density Test [14} fds-

The density of a material is the mass per unit volume. The SI unit of
density is kg/ms. Density test was carried out according t6 ASTM D1622. The samples
used were 5x10°nt’ in(volumes Weight thestest specimen ©n afranalytical balance and
record. The values reported for each sample were based on an average of five

measufements: Calculate the density of sainple as follow:

D = w (3.1)

where D is density of specimen ( kg/m’), W is weight of specimen (kg) and ¥ is

N

. 3
volume of specimen (m”)
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3.3.5 X-ray Diffraction (XRD) [34]

XRD is a non-destructive analytical technique which provides detailed
information about the internal lattice of crystalline substances, including unit cell
dimensions, bond-lengths, bond-angles, and details of site-ordering. Directly related is
single-crystal refinement, where the data generated from the X-ray analysis is
interpreted and refined to obtain the crystal structure. X-ray diffraction is based on
constructive interference of monochromatic X-rays and a crystalline sample. These X-
rays are generated by a cathode ray tube, filt€ied to produce monochromatic radiation,
collimated to concentrate,~and directe;l toward the sample. The interaction of the
incident rays with the sampleproduces c|onstructive interference (and a diffracted ray)
when conditions satisfy Bragg's Law (n)\;Z_ZId sine). This law relates the wavelength of
electromagnetic radiation to'the diffraction aggle and the lattice spacing in a crystalline
sample. These diffracted X-rays are tﬁe_n detected, processed and counted. By
changing the geometry of'the incidént rays_,-;_.,'th; orientation of the centered crystal and
the detector, all possible diffraction directi'()_'h;s;‘_'.-‘()f the lattice should be attained. All
diffraction methods are based o generation’;)f-.X-rays in an X-ray tube. These X-rays
are directed at the sathple;-and the diffracted rays are eollécted. A key component of

all diffraction is the angle between the incident and diffracted rays. Powder and SC-

diffraction vary in instrumentation beyond this.

In this; study, the XRD of shrink films were recorded with a bruker model
X8APEX diffractoiietér Using Gin K Jirddiation in\the angulan rangé 3-45° (20) at an
operating voltage 40 kV. The generator current was 40 mA and the scan speed was 0.5
sec/step. SC-XRD study was carried out to get an idea of crystallinity of the blends as
affected by rearrangement during blown film extrusion process. The area under the
crystalline and amorphous portion was determined in arbitrary units and the degree of

crystallinity (X ) measured using the relation,
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X = 1 (3.2)

c C

L +1

where I and I, are the integrated intensity corresponding to the amorphous and

crystalline phases, respectively.

3.3.6 Morphology Test

3.3.6.1 Scanning Electron Microscopy (SEM) [5]

SEM used to examine the susfages molded samples, fracture surfaces,
or the interior of sample revealed by mictetomy. It relies on differences in surface
photography to create the image. Smobth samples may be etched to create surface
texture representative of'the sample, using various forms to radiation, solvents, acids,
or bases. Etching tendS toremove amorphous regions, leaving crystallites or other
more resistant regions' standing slightl};‘ proud of the surface. In this study, the
morphology of fracture surface of NR/LDf,’.E blend compound and NR/LDPE film was
examined by SEM, JEOL:/model JSM 5410LM The sample was staining with osmium
tetraoxide (OsO,) and sputfer coater was 1-1'_%;&_".-*‘[0 pre-coat conductive gold onto the
fractured surfaces before observing under -thé-ﬁaicrographs. The acceleration voltage

was 15 kV.

3.3.7 Dynamic Mechanical Analysis (DMA) [35]

PMA measures the elastic‘modulus of storage,modulus (E'), viscous
modulus or loss'modulus (E”) and, damping coefficient (tan 0) of a material. The
storagey modulus «deépends | ony the 'mechanical properties of the ‘material and its
dimensions. It is frequently converted to a modulus to enable sample
intercomparisons. Damping is expressed in terms of tan O and is related to the
mechanical properties change dramatically when relaxation behavior is observed.
DMA yields information about the mechanical properties of a sample placed in minor,
usually sinusoidal and oscillating force as illustrate in Figure 3.1. DMA is the most

sensitive technique for monitoring relaxation events, such as glass transitions.
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Figure 3.1 Sinusoidal oscillation and reponse of a linear-viscoelastic material;

O=phase angle:

Dynamic_mechanical properties of rubber vulcanizates were measured
under a tension mode by@ dynamic mech'f{ﬁical analyzer GABO (EPLEXOR QC 25).
Rectangular sample of 20X 5/ 2 mm Waéj,.sdbjected to sinusoidal loading heated from
-120 °C to 150 °C at scanming rate, dynar;i-i.c strain and test frequency of 10 "C/min,

0.5% and 10 Hz, respectively.

3.3.8 Differential Scémning Calofi;;lefry (DSC), [5]

The t-hermal studies of NR/LDPE films were examined by a
differential scanning calorimeter (DSC), Netzsch model 204F Phoenix (Germany).
The 10 mg of sample were weighed exactly-and put in“ansaluminum pan with a cover
under nitrogen atmosphere in a temperature range of 0 — 230 °C at heating rate of 10
k/minThe faelting teniperatdte (T ) Wastdétermined as thé peak teiperature and the
enthalpy of fusion (AHm) was determined from the area of DSC endotherm. A
computer provides the results as a function of temperature. Thermograms provide
information regarding the transitions that polymers pass through in the temperature

range of interest. A schematic example of DSC thermogram is shown in Figure 3.2.
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Figure 3.2 Schematic representation of a differential scanning calorimetry
thermegram.
The degree of crystallinity was calculated via the total enthalpy method, according to

the following equation:

Xeh =\ %\ AH JAHY,

where X is the degree of crystallinity, AHmlsthe enthalpy of fusion, and AH+m is the
‘ +
enthalpy of fusion for100%_crystallme polyethylene. The AH ., value for 100%

crystalline polyethyléie is taken as 288 kl/kg.

3.3.9 Mechanical Properties

3:3.9.1 Tensile Testing.[36]

Tensile measurement is among the most important indications of
strengthyiny aymaterial and+the-most widelyyspectfied propertics~of plastic materials.
Tensile test, in broad sense, is a measurement of the ability of a material to withstand
forces that tend to pull it apart and to determine to what extent the material stretches
before breaking. The tensile property data are most useful in preferential selection of a
particular type of plastic from a large group of plastic materials and such data are of
limited use in actual design of the product. In this study, the tensile properties were

measured by a Universal Testing Machine (UTM), Instron model 5565. Tensile tests
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were carried out according to ASTM D 882. The films were conditioned to 23+2 °C
and 50+5% relative humidity for 40 h prior to test. The sample was stretched vertically
in a symmetric mode. The samples used were 250 mm in gauge length, 50 mm in
width and 30 Wm in thickness. The crosshead speed was set at 50 mm/min with load
cell 5 kN. The test was operated at room temperature. The values reported for each
sample were based on an average of fifteen measurements.

3.3.9.2 Hardness [36]

Hardness is defined as thestesistance of a material to penetrate,
particularly permanent defermation, indentations-er-seratching. Hardness is purely a
relative term and should noisbe eonfused with wear and abrasion resistance of plastic
materials. Hardness testss€an diffcrentiate the relative hardness of different grades of
particular plastic. Many geststhave been &ef{fised to measure hardness. Because plastic
materials vary considerably with respect-f,to ‘hardness, one type of hardness test does
not cover the entire range of hardness propérties encountered. Two of most commonly
used tests for plastics are the rockwell aﬁé_ﬁth_e durometer hardness test. For softer

b i A

materials such as flexible PVC, thermoplastic rubber and polyethylene, durometer
hardness is measured; In this sfudy, the hardn:ess testing was measured by using an
Instron hardness testef shore-type-D (model 930/250) aecording to ASTM D 2240.
The test temperature was carried out at room temperature. The measurements were
taken from fiye{different points, distnitbuted ever thessamplerand the reported were
based on an average of five measurements.

3:3:9:3, Tearing Test|[37]

The measurement of the tear strength of a material evaluates the energy
absorbed by the sample during tear initiation and/or propagation. The value of tear
strength of a film depends on the orientation stretching ratio, and whether the
measurement is performed along the machine direction and cross direction using a

tensile apparatus. In this study, the tearing tests were measured by an Instron Universal

Testing Machine (model 5565) according to ASTM D1938.
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50 mm —P

€ T75mm —P>

25 mm

Figure 3.3 Single-tear-specimen.

The specimen shape was showed in Figure 3.3. Secure A part (see
Figure 3.3) in one gripsand’ B part in.—td}’i.e other grip of the constant rate-of-grip
separation-testing machin€, using an initidl grip separation of 50 mm. Align the
specimen so that its major axis coeincides ;ithsan imaginary line joining the centers of

s J
the grips. Using a grip-separatiofi speed of 250 mm/min, start the instrument, and

#e 2 4

record the load versus extension. Continue the test until the tear has propagated

through the entire slit 25 mm portion. Mean of the fifteén average tear-propagation

determinations.

3:3:9.4 ImpactResistance [36]

The impact properties of the polymeric materials are directly related to
the overalltoughness of matetiali Toughness iS defined as'the ability of the polymer to
absorb applied energy. Impact resistance is the ability of a material to resist breaking
under a shock loading or the ability to resist the fracture under stress applied at high
speed. The theory behind toughness and brittleness of the polymers is very complex
and therefore difficult to understand. The molecular flexibility plays an important role

in determining the relative brittleness or toughness of material.
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In this study, the impact strength tests were measured by dart drop
impact machine, Instron model DX-8165A according to ASTM D 1709 (method A).
The samples used were 12.7 cm in diameter circular. The film specimen is clamped
into the base of an apparatus. Then a blunt, metal dart is dropped onto the specimen
from a specified height. If the specimen fails, some weight is removed from the dart
and the test is repeated with a new specimen. If the specimen does not fail, some
weight is added to the dart and the test is repeated. This process continues until a
statistically valid number of specimens are iested resulting in the nominal weight to

failure. Calculate the impact failure weight /¥,.as iollows:

WA, SN AW (N =12)] (3.3)
where W, is impact failurg'weight {g), 17/, is the first of missile weight to failure film,
AW is uniform weight incrément used (), A_,-is-_constant value (15), and N is constant

value (10). ‘

3.3.10 Shrinkability Test [38]

Shrinkability test is the change in length of'an unrestrained film sample
subjected to a specificelevated temperature. The shrinkage of the films is based on the
relaxation of thelorientationstresses introdueed in the film«during the production of the
film. The relaxation causes a good enclosure of the package. In this study, sample of
film shall beiconditionedformminimum of2:h instandard atmosphere prior to cutting
out and ‘measuring test by circulated oven, memmert model UWB400. The sample
shape was showed in Figure 3.4 and cutting the film for test in two directions (MD:
machine direction and TD: transverse direction). The test sample is placed in a hot
oven and subsequently cooled down to room temperature. MD and TD values are

evaluated and reported separately. Units are reported as percentage change from the
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original dimension (shrinkage). The method and calculation of percentage of

shrinkability was measured according to ISO 1150.

11 cm

<

7/ = .\\\\\
. ll (& VAN

Figure 3.4 Film speeime ‘\\ ge test.
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CHAPTER 1V

RESULTS AND DISCUSSION

4.1 The Effect of Rubber Type on the Blown Film Process

4.1.1 Reclaimed Rubber

Figure 4.1 shows the appearance of RR/LDPE blend compounds at various
ratios of RR (0.5, 1, 2 and 5.phr) after-‘l‘extruding by using twin screw extruder. The
surface of RR/LDPE biend gompounds was clearly rough when the RR content is
increased. The obtained polymer blend I‘_cq_mpound was then subjected to the blown
film process and the appearance of RR/;L'DPE film was shown in Figure 4.2. It is
clearly seen that the RR particles (bﬁght spot) were well distribute in LDPE matrix. As
it can be seen that RR parti¢le could no‘-c’: E;edjdispersed in LDPE matrix, due to the

vl

crosslinked structure, these' RRyin.this study was not suitable to use as filler in the
shrink film. The crosslink particles are resi.’iﬁ» rough surface and low transparency,
which are needed preperties in shrink film production.-In order to overcome these
problems, NR latex was chosen to replace the RR. The general properties of NR latex
are similar to RR, hoWever; for the safety reason, NR latex used in this process was
unvulcanized. The excellent properties of NR latex are good elasticity and flexibility

material. The advantages of NR . atex include the ability to ,be processed on

thermoplasti¢s machinery without requiring vulcanization {39].
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Figure 4.1 The appearang - '}" PE and RR/LDPE blend compounds: (a) neat
- - \\ 2 phr and (¢) RR5 phr.
W\

Figure 4.2 The appearance of RR/LDPE films: (a) RR 0.5 phr, (b) RR 1 phr,
(c) RR 2 phr and (d) RR 5 phr.
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4.1.2 NR Latex

Figure 4.3 shows the appearance of neat LDPE and NR/LDPE blend
compounds at various ratios of NR contents (1, 5 and 7.5 phr) after blending in
HAAKE internal mixer. It is clearly seen that both components of the compound were
compatible and the color of compound become more yellow when the NR latex
content was increased. After the NR/LDPE blend, compound was subjected to the

blown film process. The appearanc PE film was shown in Figure 4.4. The

) s similar to the NR/LDPE blend
ca_lten@to LDPE was at 7.5 phr. In this

con .5 phr. Based on this result, we

film surface was smooth a d\
compounds. However, t
experiment, film can not bg
th surface and transparent.

could prepare the good

Additionally, the unmeltgd

e
AR

Figure 4.3 The appearance of NR/LDPE blend compounds: (a) neat LDPE, (b) NR
1 phr, (c) NR 5 phr and (d) NR 7.5 phr.
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4.2 Morphology of NR/LDPE Blend Compound and NR/LDPE Film

Due to the high temperature (~ 160 °C) for the processing of polymer blend,
NR may be degrade during mixing with LDPE. Therefore, the morphologies of
NR/LDPE blend compounds before blown film process were investigated by SEM
after staining with osmium tetraoxide (OsO,) and the SEM images was shown in
Figure 4.4. The dark area indicated LDPE matrix, which was not active with OsO,,
while the white spots denoted NR particles. which was react with OsO,. Scheme 3
shows the reaction of OsO with double bond 0f-NR. OsO, can react specifically with

double bonds of NR in erdér to fotm an osmate ester [10].

0 0 —Cc —C—
~ -4 \O/ * |
C=C Vo ¥ @) O
-~ ~ / \ . A4
O Ly 4 /Os\
L 74
i O \O
Double bond of NR Osmiuih tetraoxide 4 Osmate ester

Scheme 3 The reaction of osmium tetraoxide with double bond [10].

From Figure 4.4, thésshape of NR was in a regular spherical of small size. For
all ratios of NR content.in EDPE blend, thé white spots'incredsed with increasing NR
contents. At.small NR contents, the NR particles were well dispersed.in LDPE matrix;
however, when the NR contents’ increased, they “could be broken ' small particle.
These observations confirmed that the mixing condition used in this study was suitable
for controlling the distribution of NR particles in LDPE matrix.

The SEM images of LDPE and NR/LDPE films are shown in Figure 4.5, The
white spots representing NR particles distributed in the LDPE matrix (black area). It is

evidence that many NR particles seemed to be covered with LDPE, and the boundary
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between the NR and LDPE was not so sharp comparing with NR/LDPE compound
(Figure 4.4). It is may b due to the degradation of N particles during blown film
process. This result was indicated the outer surface of NR particles could insert in
LDPE matrix. The NR chains were entanglement and interlog with LDPE chain.
Consequently, NR phase was still remaining in the LDPE matrix and NR was able to

crystallize during blown film process. The proposed mechanism of strain induced

crystallization will be explained in the next section.

Figure 4.4 The SEM images of NR/LDPE blend compounds staining with vapour of

0s0, (x 5000 magnification): (a) LDO, (b) LDI, (c) LD5 and (d) LD7.5.
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Figure 4.5 The SEM images of NR/LDPE film staininig with vapour of OsO, for

3rhrs (x| 1000/maguification): @) 1/D0; (b) LD, (¢) LDS5 and (d) LD7.5.
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4.3 Physical and Optical Properties of the NR/LDPE Film

The physical and optical properties of NR/LDPE film were summarized in
Table 4.1. The percentage of clarity of NR/LDPE films for all samples with and
without adding NR latex were about 93%. This result clearly indicated that the
addition of NR latex in LDPE matrix was not affected the clarity of film. However, the
color of film was slightly changed from colorless to yellow when the NR content was
increased as seen in Figure 4.6. This behaviot.caused the constituent in raw NR latex,
hence [-carotene. The [-carotene is the chrGimatic in NR latex and it indicates the
color from pale yellowsto'brown depending on type of latex tree [40]. The rubber
products are generally Sensitive'to color of finish product that needs to extract the [3-
carotene in NR lateX™ beforg” use in process via the bleaching agent, i.e., xylyl
mercaptan (0.05% wt)or tolyl mercaptanf(’O,,OS% wt) and sodium bisulfite (0.5-0.75%
wo) [12]. DL

The degree of erystallinity of NR/L_DPE film was summarized in Table 4.1.
The degree of crystallinity of NR/LDPE ﬁlm }ﬁcreased with increasing NR contents.
In the blowing film process, the otientation of polymer chains occurred in the melt
state as the result of"shear stress in the die as well as of stretching during the film
blowing. The film was stretched in the longitudinal and circumferential directions
during the production, resulting in a biaxial‘orientation of the film. Biaxial orientation
means that polymerichains were aligned' in‘the plane of the film in both the machine
direction (MD) and the transverse direction (TD) {#4]. Virtually, allthermoplastics can
be oriented to some ‘extent, but one'can‘orient amorphous-materials more readily than
crystalline one [25]. The stretching process frequently induces the crystallization of
NR and increases the crystallization of LDPE [3]. Additionally, the role of
deformation on the crystallization has been rationalized in terms of enthalpic and

entropic differences between deformed and undeformed melt. Both the enthalpy and
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entropy of a polymer melt are altered by the application of a large orienting
deformation [41].

In this study, both LDPE and NR can be oriented in the direction of applied
stress. During the stretching process, the orientation behaviour of LDPE can be
divided into three stages: elasticity (% strain = 0 to 15), strain softening (% strain = 15
to 40) and plastic stage (% strain = 40 to 110), respectively. The plastic stage implies
that the degree of crystallization incteases, owing to the orientation of chains and
molecules [42].

NR has been extensively studied not only asa unique elastic material but also
as a crystalline polymer. NR«ténds to crystallize spontaneously when it is keep at low
temperature [43] or whea'it 4§ stretched at high deformation [44]. Luch et al. [45]
studied the morphology of strain-induced-c'fystallization of uncrosslinked NR by using
electron microscopy. It was/found that-;.wh'en stretched uncrosslinked NR film to
elongation grater than about 200%; the NRﬁlm showed distinct fibrillar morphology
at room temperature. :":" .

As polymer melt extruded from:T ;ﬁnular die and consequently blown
exceeding to the frozen line, LDPE chains \;&;é.r-é!c;,lbngated, both in MD and TD. At the
same time NR chains Were also extended. After the frozen'line, LDPE molecule was
cooled down to room-temperature and subsequently frozen. At this stage, NR chains
were immobilizedy under stretched; by dnterpenetrated+through LDPE chain at some
certain extent around rubber particles, the boundary between the NR and LDPE was
blur. This result, corresponding t0, theySEMrimages of INR/LEDPE; films are shown in
Figure 4.5. Accordingly, we tried to propose the mechanism of strain-induced
crystalline in NR/LDPE film during a blown film process as seen in Figure 4.7. Under
the condition at blown film process used in this study the NR/LDPE film was drawn
over than 40% elongation, resulting in the LDPE crystallization started firstly. With

the increase of strain, the equilibrium distribution of chain conformations was

perturbed under the stress, making it possible to achieve the low energy
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conformations. These results in chain orientation were extension and then a sufficient
number of chains were aligned. Both NR and LDPE were able to produce the
crystalline during stretching process. Further extension, the LDPE crystallines were
acting as nuclei to induce the crystallization of neighbor NR molecules for starting the
crystal growth. Accordingly, when the NR content increased, the degree of

crystallinity was also increased as seen in Table 4.1.

and @ystauinity of NR/LDPE film

Table 4.1 Physical, optic

- — ——
Properties of film ﬂ“%& 71‘ LD5 LD7.5
ATANSES
Clarity (%) £938440.2: \*\‘ +0. 93.5+0.2 93.1+0.2
Color y 4 " golorless | Pale yello Pale yellow  Yellow
. 'ﬂ(e i 1 L \ "
Degree of crystallinit Y (9 )= 0.1 23.6 31.2
Density (g/cm’) | ' 0.923 0.922

1
from XRD measuremen

Figure 4.6 The appearance of neat LDPE and NR/LDPE films:(a) LDO, (b) LDI, (c)

LD5 and (d) LD7.5.
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4.4 Dynamics Mechanical Analysis of NR/LDPE Film

The viscoelastic behavior of NR/LDPE film was examined by using DMA.
Figure 4.8 shows the dynamic mechanical properties a function of temperature for neat
LDPE and NR/LDPE film. The E’ is not only a measurement of the energy stored
during the deformation (elastic behavior) but also the stiffness of the materials, while
E'’ is a measure of the energy stored during the deformation, usually as heat (viscous
behaviour) [46] and can define the phase separation of polymer. The tan O is a fraction
of mechanical energy dissipated as heat during loading per unloading cycle [47].
Figure 4.8 (a) it is clearly scenthat E values at any given temperature of neat LDPE
(LDO) showed the highest values when compared with the E' values of NR/LDPE
films. The E' values of NRADPE film trended to be decreased with increasing NR
contents. This result indicated that LDOT:“.WEJI-S stiffer than NR/LDPE film due to the
LDPE as the semicrystalline material [48]--;7-' i

From Figure 4.8 (b), it is clearly sée‘n that LDO shows a peak around -6.7 °C
whereas NR/LDPE films (LDl and LD5) sl;_o\-z&:eﬂ:d two transition peaks around -15 °C
and -60 "C and only one strong broad peak at 57 °C wag appeared I LD7.5 du to the
long time for relaxatlon. This result indicated that the immiscibility and
incompatibility between the LDPE and NR phases.

As seen in Figure4.8(e) the maximum peak .of tan O-of LDO, LD1 and LD5
show only one peak, while tan O of LD7.5 was presented two peaks at -60 and 100 °C.
This résult indicatCd .that the-phasée separation occunred in“the polymer blend. The

maximutn peak at -60 °C was related the T . Of NR [49].
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Figure 4.8 Dynamic mechanical properties of neat LDPE and NR/LDPE films
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4.5 Mechanical Properties of NR/LDPE Film

Figure 4.9 shows the effect of NR content on the mechanical properties in
term of tensile strength (TB), elongation, hardness, impact resistance and tear strength
of NR/LDPE film. The T, and hardness of NR/LDPE films tend to decreased with
increasing the NR contents due to the increase of soft segment (NR) in polymer blend
[50-52]. The elongation at break (E,) of NR/LDPE film with various NR content as
seen in Figure 4.9c trended to decrease with increasing NR contents until 5 phr and
then E; was significantly inereased. Nor_gnally, clastomer is the flexible segment, when
the elastomer content inereases, it inakes elongation inerease, too. Contrary, our results
showed that the addition ef NR< result the decrease of E,. It may be due to the
incompatibility between NR and L. DPE. During elongation, NR and LDPE phases tend
to be separated. As seen inFigure 4.10, W-i:tha_high NR contents in NR/LDPE blend, the
phase separation between both Was_obser;fe_q. Due to the large deformation by tensile
testing, we could clearly observe the phase ‘s.‘{e‘p”aration of NR and LDPE started from 5
phr compared with the small deformation Qf_ﬁMA, which could observed when 7.5

phr NR was blend with LDPE matrix. YIS
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Figure 4.10

N
Figure 4 ﬁ\ % strength and impact
resistance of @/ﬂ)ﬂﬁ ﬁﬁﬁ stre TT h™and 1 ac resistance tend to be
increasa a IE‘]ropertles were
decreased. According to IT’ ?/lmsult ‘?Tphase separatl::letween NR and LDPE

film was occurred when the LDPE blended with NR at 7.5 phr. We try to confirm this

result again by investigating SEM photographs of fracture surface of NR/LDPE film
after tension test in Figure 4.10. For NR/LDPE blend, the NR component form
droplets in continuous glassy matrix (Figure 4.4-4.5) and this result in a composition

of enhanced toughness. The NR particles behave almost like cavities in the LDPE
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matrix, these blends is the large increase in the number of site for yielding or crazing.
The NR particles were absorbed energy and retard breaking process. The result is a
somewhat lower breaking stress but a greatly increased extension before breaking

occurs, so that the energy required to cause breakage is greatly increased [53].

160

80

Tear strength (MPa)

40

LDo LDY : LBS ILD7.

L

Sample code

(b)

100

Impact resistance (gf)

LD0O ED1 LD5S D) Pt

Sample code

Figure 4.11 Effect of NR content on the mechanical properties of NR/LDPE films

(a) tear strength (b) impact resistance.
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L] [ —
° ® — —_
° Tearing test o

LDPE matrix
Figure 4.12 Rubber particles standing in LDPE matrix during tearing test.

Figure 4.12 show the-mechanism of rubberparticle in LDPE matrix during crack
process. During crack the fractured surfaces tend to separated and rubber particles
became extended in tension. This extension of rubber particle absorbed energy and

resisted further crack growth,

4.6 Thermal Properties ‘

Thermal properties of NR/LDPE ﬁlm;\;\}‘ére determined by using DSC and the
results were summarized in Table 4.2. It is cleaﬂy observegd-that the crystalline melting
temperature (T ) for all samples (with and without NR latex) was independent of NR
content and it was almost constant (110 °C), cxcept LDI. T, is making the transition
from solid to liquid, and characterized by an'uptake in energy while the temperature
remain constant, until all the solid material has beceme liquid.“This result is related to
rearrangement of crystalline polymer, The NR particles were inserted to crystalline
LDPE. This phenomenon indicated the Toose pack of crystalline’therefore T_of LDI
was decreased. Generally, the properties of polymer blend were dominated to the
major component. The T _ of semicrystalline LDPE was about 110 °C, while the T of
NR was about 28 °C. Unfortunately, there is no effect of NR content on the T, of

NR/LDPE film. In addition, there is another effect on the change of T_ of polymer

material, which is the density of the polymer blend. Zhu et al. reported the effect of
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density of LDPE on the T _. They found that T _ increased when the polymer density
increased [9]. However, the density of NR/LDPE film in this study was almost
constant (0.9 g/cm3).

The crystalline temperature (T,) of NR/LDPE film was shown in Table 4.2. T_ of
NR/LDPE film was lower than that of neat LDPE (the difference was about 2 °C). This
result can explained that crystal could be grown from the concentrated molten state.
The polymer molecule in this case severely entangled and any polymer molecules
added to a specific crystal surface simultaneously [54]. When NR latex was added into
LDPE film, NR molecules.interfered the' crystallization of LDPE, resulting in the shift
of T_ of polymer at lower tempcrature. Then, the erystallization of polymer blend can
start lower than the neatd!DPE film. The crystallization goes on from the time the
proper temperature is reached for it to coiffnence, until the energy level have dropped
enough that molecules ng longer-have é‘poiigh energy to rearrange themselves into
crystallites [13]. In this process, the: polyrr;ér chains were more flexibility and flavored
molecular reorganization, resultmg in‘the 11‘1crease of crystallization rate or degree of
crystallinity [5]. The heat of fusmn (AH );Eence the energy used for changing the
solid state of crystalhne to meltlng state, related to crystalhmty of polymer. More
crystallinity of polymer_ we;eirc;lulred more AHm as shown in Table 4.2. This result is
in agreement with the'degree of crystallinity (X)) increas¢ with increasing NR content

and the X_ caleulated by|DSCiowastnearly €omparablesto the & calculated from XRD
(Table 4.1).
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Table 4.2 Thermal properties of neat LDPE and NR/LDPE films

Sample code Thermal properties of neat LDPE and NR/LDPE films
T, (C) TCC) AH (U X%
LDO 110.8 99.6 27.7 9.6
LD1 108.1 97.2 21.8 7.5
LD5 110.4 W 2 65.0 22.4
LD7.5 110:1 Vs 100.6 34.7

1Crystalline melting temperature; 2Crystallization temperature, *Heat of fusion of the blend,

4Degree of crystallinity calculated from equation 3.1.

4.7 Shrinkability Test A

It is well known that the stretchﬁig decreases the entropy of the system. If
heating is imposed on the stretched sample (without any mechanical force), the
material shrinks [28]. The results of the shrjmkage of NR/LDPE film at various
conditions in both MD and TD direction are shown in Figure 4.13 and the raw data
was summarized in ‘Appendix D. The shrinkability of neat“LDPE and NR/LDPE film
was increased with mcreasing shrink temperature in-both directions. The shrink
temperature is increased; resulting-in the decrease-of shrink time. More shrinkability
was clearly obsetved at the temperature, which was higher than T  of NR/LDPE blend
(~110 /°C)g Fhey shrinkability=of-all samples~at-above T | «eondition B-E) in MD
directioniwas higher than that of blend films in TD direction as seen in Figure 4.13.
The maximum shrinkage was obtained about 80 - 85%. The appearance of NR/LDPE
film after heating at 150 °C for 1 min was shown in Figure 4.14. Additionally, the
shrinkability of NR/LDPE films increased with increasing of NR contents. As the NR

content becomes higher, the concentration and orientation of the oriented amorphous

materials should be increased during stretching NR films. Thus, the tendency of
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extended state to revert to a randomly coiled conformation would be more, resulting
in the increase of shrinkage. The potential energy stored in the extended molecules is
the so-called elastic memory, characteristic of oriented; that is, when the material is
reheated to the orientation temperature, the molecules tend to return to their original
size and spatial arrangement. For NR/LDPE film, an amorphous part of NR has more
entropy so after heated it preferred to original stage (high entropy) that like the springs
after remove force. This is result corresponding to the work of Khonakdar et al. They
studied the thermal and shrinkage behavier-of+heat shrinkage material. The results
showed that crosslinking.effect to thermal piopeities and stretching temperature
influence on the shrink temperature [24]. Chattopadhyay et al. studied heat
shrinkability of EVA/LDPE bleud film and the result found that heat shrinkage was
increased with the increase im pereent cr}é%allinity [55]. For the application of using
shrink film for packaging process, we tlﬁed" to use the NR/LDPE film covered the
glass dish. The appearancg of NR/LDPE %;_lm;after heating at 150 °C for 1 min and
taking off to cool at room temperature Was;‘:.éfi'_l_tgyyn in Figure 4.15. The NR/LDPE film
could be covered and sealed tiie élass dlsTh_ ‘%;\/hen increasing the NR content can
tightly wrapped the glass dith- -i-)-ecause aft-ejr-- -};e;u‘:ed molécule of NR is immediately

revert to original fornt (high entropy) which is individual' propertied of NR.
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Figure 4.13 " Variation of % shrinkage with NR content at various conditions: (a) MD
direction and (b) TD direction (A) 100 °C 30 min, (B) 120 °C 30 min, (C)
150 °C 1 min, (D) 160 °C 1 min and (E) 170 °C 30 sec.
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Figure 4.14 The appearance of neat LDPE and NR/LDPE films after heating at

150°C for 1 min: (a) LDO, (b) LD1, (c) LDS5 and (d) LD7.5.
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Figure 4.15 The nea _?DPE and NR/LDPE film for pacg‘agling: (a) LDO, (b) LDI,

(¢) LD5:(d) LD7.5.



CHAPTER V

CONCLUSION AND FUTURE DIRECTION

5.1 Conclusion

In this study, we can be produced shrinkable film from LDPE blend with
natural rubber (NR) latex by using blown film€xtrusion process. The influence of NR
latex on the physical, thérmal, dynamic imechanical, morphological, mechanical
properties and shrinkability oL NR/LDPE films were investigated. The main properties
of NR/LDPE films are suitableforuse inishrink film application. The NR/LDPE films
were smooth surface and ghe addition of NR latex in LDPE matrix did not change the
clarity of NR/LDPE filmss The NR latex::ina_the blend can improve some mechanical
properties of LDPE film such as tear strength and impact resistance. However the
tensile strength and hardness of NR/LDPEJfﬂms were decreased with increasing NR
content. The inferior mechanical prbperties egufa obtain when polymer blend with NR
7.5 phr due to thewphase sépéfation. Thlsrésult was agreement with the DMA
measurment, the loss modulus (E”) could be separated iﬁto 2 peaks. This result is
indicating the immiscible blend. The SEM micrograph - of NR/LDPE films were also
confirmed the phase separation between LDPE matrix and NR latex. The NR latex is
not too compatible“it~exists in' droplets ‘in ‘continues LDPE matrix. Finally, the
shrinkability, of NR/LDPE _films , was . increased , with , increasing, NR content.
Accordingly, NR has more entropy so after heated it preferred to tecovery to the

original form. These properties are benefit to use in shrink film application.
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5.2 Future Direction

1. Study in more detail on the compatibility of NR/LDPE blend by using
compatibilizer agent i.e., liquid natural rubber (LNR), phthalic anhydride
(PA) and maleic anhydride grafted PE (MA-g-PE).

2. Explore the use of other rubber type i.e., deproteinized natural rubber

(DPNR) and butadiene rubber (BR) in the blend with the aim to use

ind.properties of the blend

detail about th@thermoplastlc/NR blends i.e.,

\| | ®

/ .1{\,-“».\‘\.:_‘ carprolactone (PCL)/NR and

9
U
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APPENDIX A

Table A-1 Calculated formulation of RR in LDPE blend

1 phr of RR = 1 g of RR (%Solid content = 100%)

Sample code Weight of RR (phr) Weight of LDPE (phr)
RRO.5 0.5 100
RR1 1 100
RR2 2 100
RR5 3 100

Table A-2 Calculated formulation of NR latex in LDPE blend

60% DRC of NR latex #§ 60% NR content and 40% water and other
1 phr NR = NR latex 1.67'g, EDPE'100 g =
W, = xxa00)
S0l DRC
where W, is wet weight of NR Tatex (g), X is phr of NR in formula and % DRC of NR

is constant value (60)

Sample code Weight of NR latex © Weight'of NR latex Weight of LDPE (phr)
(phr) (g)

LD1 1 1.67 100

LD5 5 8.33 100

LD7.5 7.5 12.50 100




APPENDIX B

Table B-1 Mechanical Properties of Neat LDPE and » PT

82

Sample Tensile strength Impact resistance Hardness
(MPa) (gf) (Shore D)
LDO 7.47 174.50 47
LDI 6.50 192.50 44
LD5 5.60 213.50 41
LD7.5 5.00 203.00 39
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APPENDIX C

C-1: XRD measurement of LDPE film

Date . 156/3/2010

Sample : LDPE (pure)
Instrument : X-Ray : AXS Model D8 Discover
Condition : Target S/
Vi — /:
— ‘ —
Angle ‘
[
[EG-1 Dete Speed Detector)
Operator " ‘
Memo —
| ; jTr |
Result : De allinity
' stalin 538.46
M 5100.60
Degree ) 9.55

D iy
FJ] u EI"‘:]. 1,] EJ ﬂ %J:woﬂ ’Jvme‘j Intensity  Intensity %

R8N TlITARRAYL, ..

24739 8

. LhSCounu)
~ A BB IBB R EEEEEIERUINEEREINRE
Allllll‘llllll‘lll‘llllllll Jadadalaladatatatatalald

2-Theta - Scale
EbFte: 530817-1.rmw - Typa: 2TIVTh locked - Star: 50000 - End: 44 9950 - Swp: 0.0188 . ~Temp:
' et Step 0.0188 * - Siap time: 240. 3 - Temp - 25 °C (Room)
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APPENDIX C

APPENDIX C-2: XRD measurement of LDPE/1phr

Lin (Counts)

Date . 18/3/2010
Sample . LDPE /1 phr NR
Instrument . X-Ray ; Bruker AXS Model D8 Discover

Condition : T ,A’

Speed Detector)
Operator : |
Memo :
% =
Result ) ity
— | 1687.10
; 6698.21
20.12

B 2

g ﬂuﬂq‘n&] jwa’]ﬂu?o Intensity lnhmltv*
gammmm wﬁ’@mﬁj’;@ﬁ% =
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APPENDIX C

APPENDIX -3: XRD measurement of LDPE/Sphr

Date : 2/8/2010
Sample  : LDPE/5 phr NR Special

Instrument X-Raym Bruker AXS Mode! D8 Discover
Condition : T

Moo

Resuit

o | cﬂalue Intensity  Intensity %
2.Jheta® Angstrom Count %
- AuEInpINeRE 2
'{’Q‘iﬁ’lax‘iﬂ‘im nEINgIAYE

2-Theta - Scale
Wm:s:mu-zm-LnPE/spnrmspuu-Typo:mm-sm:s‘oooo'-m:«.m'-m:o.om‘-smm: 240.5 s - Temp.: 25 °C (Room)
Operations: Smooth 0,080 | Import
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APPENDIX -4: XRD measurement of LDPE/7.5phr

Date . 15/3/2010

Sample : LDPE /7.5 phr NR

Instrument

Condition : Target Cu
Voltage 40 KV

Current 0 ‘
SN ’
Se-n ‘

= 718

Lin (Counts)

- 3358853883882 88388¢3¢BIBES

I"‘"""\\\\

- 3419.79

. X-Ray Diffractometer ; Bruker AXS Model D8 Discover

Speed Detector)

3

f ofnorpoubiares\ '\,

7539.69

'mm

i phr NR

_,._,,.-ﬂ.u 1

3 A
B

ﬂuﬂﬁﬂﬂ

I
ama\mim wmzﬁa 3
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31.20

gle Intensity  Intensity %

2-Theta® Angstrom  Count %
ﬁWﬂMﬁi “
4.1448 :nu 100.0
19.8
128
211

2-Theta - Scale '
[]Fie: 530817-4.raw - Type: 2TITh bocked - Start: 5.0000 * - End: 44,8959 * - Stap: 0.0188 * - Step time: 240. s - Temp.: 25 °C (Room)
Operations: Smooth 0.080 | Import

---------

vvvvv
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APPENDIX D

APPENDIX D-1: Stress-strain curve of LD0

1 AU SO ,,LDPJ;J‘;L(;PEUI.'E.-:Z,‘-.
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APPENDIX D-2: Stress-strain curve of LD1
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APPENDIX D-3: Stress-strain curve of LD5

Load kN

Load kN
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APPENDIX D

APPENDIX D-4: Stress-strain curve of LD7.5
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APPENDIX E-1: DSC thermogram of LD0

?Integral  548.64 mJ
normalized 296.56 JgA-1
Onset 102.85 °C
- Peak 99.57 °C
Endset 90.56 °C
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J2[LDPE film2
LDPE film2, 1.8500 mg

10 J1[LDPE film2
i LDPE film2, 1.8500 mg
—
? Glass Transition
Onset 43.81 °C
Midpoint 44.25 °C
Midpoint DIN 45.26 °C J3[LDPE film2
Delta cp DIN  0.819 JgM-1KA-1 LDPE film2, 1.8500 mg
v -pi ]
s .
? Integral -163.03 mJ ‘
normalized -27.73 Jg~-1 - r
Onset 102.13 °C . . v F'a
Peak 110.80 °C \ -
Endset 116.03 °C \
¢ -
- an
I ¥ I L T T 1 Ll - 4 1 v I L T L] 1
0 20 40 60 mm 1 -r 240 260 280 b &
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APPENDIX E-2: DSC thermogram of LD1

J2[LDPE_1phrNRfilm
LDPE_1phrNRfilm, 6.6100 mg

J1[LDPE_1phrNRfim
LDPE_1phrNRfilm, 6.9100 mg
i
2 T
mw Glass Transition
Onset 42.03 °C - y
i Midpoint 48.75 °C |
Midpoint DIN 48.12 °C — — 13[LDPE_1phrNRfilm
/ Delta cp DIN 89.823e-03 JgM-1K"-1 LDPE_1phrNRfilm, 6.6100 mg
=S L7 ,
] -
44 | -21{760g8-
- " et 100.99 °
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g
T T T T T T T T T T T T T T T T T T T T T T T T T L T ' T
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APPENDIX E-3: DSC thermogram of LDS

Glass Transition
Onset 41.08 °C
Midpoint 42.61 °C
Midpoint DIN 43.14 °C

]2[LDPE_Sphrfilm
LDPE_5phrfilm, 5.8666Mg

J1[LDPE_Sphrfilm
LDPE_5Sphrfilm 86

13[LDPE_Sphrfilm
LDPE_5phrfilm, 5.8600 mg

Delta cp DIN _0.118 Jg/-1KA-1

v

Integral -380.78 m]
&9 zed -64.98 Jg™-1

ﬂw&@ﬂﬁﬂﬁﬂﬂﬂr

ﬂﬂ] .
2

100

93
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APPENDIX E-4: DSC thermogram of LD7.5

Integral 251.61 m]
normalized 53.76 Jg©~-1
Onset 100.21 °C
4 Peak 897.33°C
Endset 93.40 °C

-

J2[LDPE_7.5phrfilm
LDPE_7.5phefitnT; 476800 mg

J1[LDPE_7.5phrfilm
LDPE_7.5phrfilm, 4.6800 mg

J3[LDPE_7.5phrfilm
LDPE_7.5phrfilm, 4.6800 mg

BB TN

BV e H e 1

4y

I
240 260 280
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Table F-1 Heat shrinkability of the neat LDPE and NR/LDPE f ,
E—

95

/ l\i‘:.-

Sample 100 °C,30 min 120 °C,30 min 150 °C, Il I‘I/,{

3 min

170 °C, 30 sec

180°C, 30 sec

/A in 160 °C,
Da |\

b
p/:

MD' TD° MD TD MD D Af b MD TD MD TD MD TD
LDO 528 1.89 6338 3922 69.14 416 81.11 5000 8125 37.50 81.25 43.75
LDI 564 1.82 6325 3886 7500 4349 87: 00 87.50 5500 85.00 4222 8625 47.25
LD5 550 200 6269 4121 8333 4444 8750 7’-"—' 0" 86. 13 87.05 5506 84.44 4444 86.67 54.02
LD7.5 602 216 6532 41.00 87.50 4667 88.80 5556 56 88.89 59.33 85.56 53.33 87.50 58.24

1 . . . 2 . .
Machine direction, Transverse direction
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