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Abstract:

Polyethylene terephthalate (PET) is commonly referred to as polyester.
PET is a semiaromatic polymer synthesized from ethylene glycol and
terephthalic acid. Is one of the most produced thermoplastics in the world.
PET is used extensively in the food and beverage industry,

In this work, a polymeric compound collected from waste was studied and
reconstituted to obtain good results. It was mixed with polypropylene to
facilitate the extrusion process.

Different samples of the compound were prepared at different speeds and
constant temperatures, and this speed was (25.50), and these samples were
prepared by a twin-screw extruder, and their mechanical properties were
studied through (tensile, hardness, and impact) tests , where the results
showed an improvement in properties at aspeed 25 by increasing tensile
values, increasing impact values, and decreasing hardness val ues.




Chapter one

| ntr oduction:
Extrusion:

Extrusion is the oldest and simplest way of processing PET. The most
common extrusion processes are Extruson moulding and extrusion to
produce foam.

Extrusion moulding:

Extrusion moulding is basically a process whereby molten PET is extruded
into amould whereit setstoForm the mould shape thenis cut into moulding
objects PET extrusion moulding is normally used to producel arge objects.
PET is also easily extruded to product Films, sheeting, pipes and
monofilamen.

Extrusion to produce foam

Extrusion processes can be used to produce PET Foam. Multifunctional
modifiers are added to PET toAchieve highly branched high MW PET
enabling manu

Facturers to produce PET foam by an extrusion process Some of the

Table 3

Examples of intrinsic viscosity for different PET applications
Application [n](dlg ")
Recording tape 0.60

Fibres 0.65
Carbonated drink bottles 0.73-08
Industnal tyre cord 0.85

modifiersFacturers to produce PET foam by an extrusion process Some of
the reported In the literature Were pyromellitic dianhydride (PMDA)
Bis(oxazoline) triphenyl phosphate and diimidodiepoxides.




Polyethylene Terephthalate:

Polyethylene terephthal ate (or poly(ethylene terephtha ate), PET, PETE, or
the obsolete PETP or PET-P), is the most common thermoplastic polymer
resin of the polyester family And is used in fibres for clothing, containers
for ligquids and foods, and thermoforming for Manufacturing, and in
combination with glass fibre for engineering resins.

PET applications and processing:

PET is used broadly in products such as bottles, electrica and electronic
Instruments, automobiles products,House-wares, lighting products, power
tools, material Handling equipment, and sporting goods. PET films And
fibres are the oldest applications of PET. Films are Produced by biaxial
orientation through heat and drawing. PET films are used in photographic
applications, Xrays sheets and in food packaging PET films are a'so

Reported to be used in electrical and for recording tapes PET is also used
as an electrical insulator.

PETs Insulating properties are regarded as good due to the severe
restriction of the dipole orientation at room temperature that is well below
the transition temperature PET fibres are another important application of
PET And are produced by forcing molten PET through small Holes in a
die. Fibre strength is achieved by applying tension to align the chains
through uniaxial stretching.




Names

IUPAC name
poly(ethylene terephthalate)

Systematic IUPAC name
pely(oxyethyleneoxyterephthaloyl)

Identifiers
CAS Number 25038-59-9 7
Abbreviations PET, PETE
ChEBI CHEBI:53259 (https.//www.ebiac.uk/chebi/sea

rchld . do?chebild=53259)

ChemSpider None

ECHA InfoCard 100.121.858 (htps://echaeuwropa.eu/substanc
e-information/-/substanceinfo/7100.1217.858)
”

CompTox Dashboard (EPA) DT XSID10872790 (https.//comptox.epa gov/d

ashboard/DT XSID10872790) ¢

Properties
Chemical formula (C1oHg04), !
Molar mass 10~50 kg/mol, varies
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Density 138 g/em?, 20 “C'7
1370 g/em? " amorphous

1455 g/em?3.!Y single crysial

Melting point > 250 *C (482 "F, 523 K)I2! 260 ¢l
Bailing point | = 350 °C (662 "F, 623 K) (decomposes)
»Solubnllty in water - 7Practically insollJble"“T
log P 094540 "
: Thermal conductivity . 015" to0 024 W/(mK)'!
”Ruhar‘lrvu lgrivx?no) 1.57-1.581 1.57500"
Thermochemistry
Hoat capacity (C) I' 1.0 kJ/(kg¥)''!

Related compounds

Related Monomers | Terephthalic acid
| Ethylene glycol

Except where otherwise noted, data are given for materials in their standard state (at 25 °C
[77 *F], 100 kPa)

Young's modulus, E 2800—-3100 MPa
Tensile strength, o, .55—75 MPa |
Elastic limit '50—1 50%
Notch test ‘3.6 kJ/m?

Glass transition temperature, Tg 67-81 °C
Vicat B 82 °C
Linear expansion coefficient,a 7x10°K™

Water absorption (ASTM) 0.16

PET consists of repeating (C10H804) units. PET is commonly recycled,
and hasthe digit 1 (&) asitsresin identification code (RIC). The National

o[ 1<




Association for PET Container Resources (NAPCOR) defines PET as.
"Polyethylene terephthal ate items referenced are derived from terephthalic
acid (or dimethyl terephthalate) and mono ethylene glycol, wherein the
sum of terephthaic acid (or dimethyl terephthalate) and mono ethylene
glycol reacted constitutes at least 90 percent of the mass of monomer
reacted to form the polymer, and must exhibit a melting peak temperature
between 225°C and 255°C, asidentified during the second thermal scanin
procedure 10.1 in ASTM D3418, when heating the sample at a rate of
10°C/minute.

Depending on its processng and therma history, polyethylene
terephthalate may exist both as an amorphous (transparent) and as a
semicrystalline polymer. The semicrystalline material might appear
transparent (particle size less than 500 nm) or opague and white (particle
size up to afew micrometers) depending onits crystal structure and particle
Size.

Uses:
£
PET
PET has F r i 1 | 1

PET preform for injection stretch blow moulding of a

f’.ﬁ?&%&-‘

A Tinished PET bottle

bottle

1




A PET bottle which has been heated by a candle and

has recrystallized, making it opaque.

PET clamsahell packaging, used to sell fruit, hardware,

ﬁ

etlc

Polyester yarn

Textiles

Polyester fibresare widely used in the textile industry. Theinvention of the
polyester fibre is attributed to J. R. Whinfield.[1] It was first
commerciaized in the 1940s by ICl, under the brand 'Terylen€'.[2]
Subsequently E. I. DuPont launched the brand 'Dacron’. As of 2022, there
are many brands around the world, mostly Asian.

Polyester fibres are used in fashion apparel often blended with cotton, as
heat insulation layers in thermal wear, sportswear and workwear and
automotive upholstery.

Rigid packaging

Plastic bottles made from PET are widely used for soft drinks, both still
and sparkling. For beverages that are degraded by oxygen, such as beer, a
multilayer structure is used. PET sandwiches an additional polyvinyl
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alcohol (PVOH) or polyamide (PA) layer to further reduce its oxygen
permeability.

Non-oriented PET sheet can be thermoformed to make packaging trays and
blister packs.[3] Crystallizable PET withstands freezing and oven baking
temperatures.[4]: 1378 Both amorphous PET and BoPET are transparent to
the naked eye. Color-conferring dyes can easily be formulated into PET
sheet.

PET is permeabl e to oxygen and carbon dioxide and thisimposes shelf life
limitations of contents packaged in PET.[5]

Flexible packaging

Biaxialy oriented PET (BOPET) film (often known by one of its trade
names, "Mylar") can be aluminized by evaporating athin film of metal onto
It to reduce its permeability, and to make it reflective and opague (MPET).
These properties are useful in many applications, including flexible food
packaging and thermal insulation (such as space blankets).

Photovoltaic modules

BOPET is used in the backsheet of photovoltaic modules. Most backsheets
consist of alayer of BOPET laminated to afluoropolymer or alayer of UV
stabilized BOPET.[6]

PET isaso used as a substrate in thin film solar cdlls.

Thermoplastic resins

PET can be compounded with glass fibre and crystallization accelerators,
to make thermoplastic resins. These can be injection moulded into parts
such as housings, covers, electrical appliance components and el ements of
the ignition system.[7]

Other applications

» A waterproofing barrier in undersea cables.
» As afibre, spliced into bell rope tops to help prevent wear on the
ropes as they pass through the ceiling.




» Sincelate 2014 as liner materia intype IV composite high pressure
gas cylinders. PET works as a much better barrier to oxygen than
earlier used (LD)PE.[8]

* Asad3D printing filament, aswell asinthe 3D printing plastic PETG.

» Film for tape applications, such as the carrier for magnetic tape or
backing for pressure-sensitive adhesive tapes. Digitalization has
caused the virtual disappeance of the magnetic audio and videotape
application.

*  Water-resistant paper.[9]

Physical properties.

PET inits most stable state is a colorless, semi-crystalline resin. However
it is intrinsically slow to crystalize compared to other semicrystaline
polymers. Depending on processing conditions it can be formed into either
amorphous or crystaline articles. Its amenability to drawing makes PET
useful in fibre and film applications. Like most aromatic polymers, it has
better barrier properties than diphatic polymers. It is strong and impact-
resistant. PET is hygroscopic.[10]

About 60% crystallization is the upper limit for commercial products, with
the exception of polyester fibers. Transparent products can be produced by
rapidly cooling molten polymer below Tg glass transition temperature to
form an amorphous solid.[11] Like glass, amorphous PET forms when its
molecules are not given enough time to arrange themselves in an orderly,
crystaline fashion as the melt is cooled. At room temperature the
molecules are frozen in place, but, if enough heat energy is put back into
them by heating above Tg, they begin to move again, alowing crystals to
nucleate and grow. This procedure is known as solid-state crystallization.

When allowed to cool slowly, the molten polymer formsamore crystalline
materia. This material has spherulites containing many small crystallites
when crystallized from an amorphous solid, rather than forming one large
single crystal. Light tends to scatter as it crosses the boundaries between
crystallites and the amorphous regions between them, causing the resulting
solid to be translucent.

Orientation also renders polymers more transparent. This is why BOPET
film and bottles are both crystalline to a degree and transparent.




Amorphous PET crystallizes and becomes opague when exposed to
solvents such as chloroform or toluene.[12]

PET is stoichiometrically a mixture of carbon and H20, and therefore has
been used in an experiment involving laser-driven shock compression
which created nanodiamonds and superionic water. This could be a
possible way of producing nanodiamonds commercially.[13][14]

Absor ption/scalping

PET has an affinity for hydrophobic flavors and drinks sometimes need to
be formulated with higher dosage compared to glass to offset the flavor
taken up by the container.[15]: 115Heavy gauge PET bottles are sometimes
returnable for re-use and is practiced in some EU countries, however the
propensity of PET to absorb flavors makes it necessary to conduct a
"sniffer” test on returned bottlesto avoid crosscontamination.[ 16]

Intrinsc viscosity

Different applications of PET require different degrees of polymerization,
which can be obtained by modifying the process conditions. The molecular
weight of PET is measured by solution viscosity. The preferred method is
intrinsic viscosity (1V).[17]

IV isadimensionless measurement. It isfound by extrapolating therelative
viscosity (measured in (d€/g)) to zero concentration.

Fibers

. 0.40-0.70: textile
. 0.72-0.98: technical eg tire cord

Films

. 0.60-0.70: biaxially oriented PET film
. 0.70-1.00: sheet grade for thermoforming Bottles

. 0.70-0.78: general purpose bottles
. 0.78-0.85: bottles for carbonated drinks M onofilaments,
engineering plastics

. 1.00-2.00




Recycled PET :

The POSTC-PET recycling industry started as a result of environmental
pressure to improve waste management. The other aspect that acts as
driving force For PET recycling industry isthat PET products have A dow
rate of natural decomposition [18]. PET is a Non-degradable plastic in
normal conditions as there is No known organism that can consume its
relatively large Molecules. Complicated and expensive proceduresneed To

be operated in order for PET to degrade biologically [19].

1458 E Awajo, D. Pavel | European Polymer Journal 4] (2005 14531477
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Recycling processes are the best way to economically Reduce PET waste
[20-21]. On the other hand, asthe Price of virgin PET remains stable, new
and cheaper Technologies for recycling PET give an added vaue to The
PET recycling industry by providing industry with Relatively cheaper PET.
Thefirst recycling effort of POSTC-PET bottlesin The world wasin 1977
[22]. The tota consumption of PET in Australia for the year 2000 was
88,258 tonnes,

Table 4

Minimum requirements for POSTC-PET flakes to be re-
processed

Property Value

7] >0.7dlg '

e >240 °C

Water content <0.02 wt.%

Flake size 04mm<D <8 mm
Dve content <10 ppm

Yellowing index <20

Metal content <3 ppm

PVC content <50 ppm

Polvolefin content <10 ppm

In which 28,113 tonnes were recovered demonstrating a Recovery rate of
about 32% [19].Many researchers reported that in order to achieve
Successful PET recycling, PET flakes should meet certain Minimum
requirements [23,24,25]. Examples of the minimum requirements for the
POSTC-PET flakes are summarized in Table 4. The major factor affecting
the Suitability of POSTC-PET flake for recycling isthe level And nature of
contaminants present in the flakes.

Contamination

Contamination of POSTC-PET is the mgor cause of Deterioration of its
physical and chemical properties during re-processing [26]. Minimizing
the amount of these Contaminants leads to better R-PET quality
[27].POSTC-PET is contaminated with many substances Such as:

1




Acid producing contaminants

The most harmful acids to the POSTC-PET recycling Process are acetic
acid, whichis produced by poly(vinyl Acetate) closures degradation, rosin
acid and abietic acid That are produced by adhesives and hydrochloric acid
That is produced by PVC. The acids act as catalystsfor The chain scission
reactions during POSTC-PET melt Processing [24,28,29]. Paci and La
Mantia[30] investigated the influence of small amount of PV C during the
Melt processing of POSTC-PET. They reported that The presence of PVC
(as little as 100 ppm) would increase POSTC-PET chain scission due to
the catalytic Effect of hydrogen chloride evolving during the degradation
of PVC. The presence of PV C also resultsin discoloration of POSTC-PET
during processing.

Water

Water reduces MW during POSTC-PET recycling Through a hydrolysis
reaction. M oisture contamination Should be bel ow 0.02% to avoid the MW
reduction [24].Most water content comes from the flake washing process
but can be reduced substantially by proper drying.

Colouring contaminants

Fragments of coloured bottles and printed ink labels Cause undesirable
colours during processing. Enhancement of sorting and washing processes
in bottle recycling may reduce colouring contaminants.

Acetaldehyde

Acetaldehyde is present in PET and POSTC-PET. It is A by-product of
PET degradation reactions. The migration of acetaldehyde into food
products from PET containers was a mgjor concern in the early stages of
Developing the POSTC-PET recycling process. The high Volatility of
acetaldehyde meansthat it can be minimized By processing under vacuum
or by drying [9]. Stabilizers Such as (4-aminobenzoic acid, diphenylamine
and 4,5-Dihydroxybenzoic acid) are added to PET in order to Minimizethe
amount of the generated acetal dehyde [31].




Other contaminants

The public use of PET bottles for storing other substances such as
detergents, fuel, pesticides, etc. The remains of these substances could be
a hedth hazard if Traces of these substances remain after POSTC-PET
Recycling [32]. Theincrease of peoples awareness of The danger of storing
the materials inflicts to public Health has minimized the amount of these
contaminants Significantly.

POSTC-PET conventional recycling processes

Two major processes have been applied in order to Recycle POSTC-PET
flakes. These processes are chemical recycling and mechanical recycling.

Chemical recycling

Chemical recycling (chemolysis) of POSTC-PET is Achieved by total
depolymerisation into monomers or Partia depolymerisation into
oligomers. The chemicals Used for the depolymerisation of PET include
water (hydrolysis), methanol (methanolysis) and EG (glycolysis) [33,34—
39].

M echanical recycling

The mechanica recycling of POSTC-PET normally Consists of
contamination remova by sorting and washing, drying and melt
processing. In this section theMechanical recycling of PET flakes
originating from POST C-bottlesis described.




Extruson molding:

Extrusion molding: It is a method that relies on continuous annealing of
polymeric materials in the annealing system of the extrusion machine and
pushing it forward, then it is extruded through a channel called the mold or
die. Push and extrusion head. The idea of extrusion started in 1879 from
the inventor: M. Graye in England/United Kingdom.

The extrusion process plays a prominent role In forming thermoplastic
polymeric products, thermosets, and rubber. Extrusion, unlike injection
molding, is a continuous process, and can be adapted to produce awide
range of finished or semifinished products, including tubes, sheets,
films, and wire sheathing [36, 37, 38, 39].

o Fead secsor - Conpresson secion & 14 Msterrg secion »

Fig. 1.3 Components and features of a(single-screw) extruder for polymersand elastomers

WHAT ISEXTRUSION?

-Extrusion is the process by which a block/billet of meta is reduced In
cross section by forcing it to flow through adie orifice under high Pressure.

- In general, extrusion is used to produce cylindrica bars or hollow Tubes
or for the starting stock for drawn rod, cold extrusion or Forged
products.Most metals are hot extruded due to large amount of forces
required In extrusion. Complex shape can be extruded from the more
readily Extrudable metals such as Aluminium.




- The products obtained are also Called extrusion.

cylinder

] extrusion

- The reaction of extrusion billet with the container and die resultsin high
Compressive stresses which are effective in reducing cracking of Materias
during primary breakdown from the ingot.

- Thishelpstoincrease the utilization of extrusion in the working of Metals
that are difficult toform like stainless steel's, nickel -based alloys, And other
high temperature materials.

- Similar to forging, lower ram force and a fine grained recrystallized
Structure are possible in hot extrusion.

- However, better surface finish and higher strengths (strain hardened
Metals) are provided by cold extrusion.

Bl

Pressure

Chamber

Polymer s Extrusion Process:

In the series of extrusion processes, the screw (snail) is responsible for
mixing homogeneity and pushing the molten material into the mold. For
the anneaing system, it is the same as in the injection process, except for
the presence of additiona fans to regulate the heating process. At the end
of the cylinder there is afilter, and in some extrusion machines thereis In
the cylinder is a relief valve to expel excess gases and vapors. The

2!




Important quantities (variables) in the extrusion machine are degreesspeed
and time, when the product comes out of the mold it falls into a basin of
water for purpose Refrigeration, and there are other ways to cool the
product, such as: air fans. Heat,

The extrusion processis easy, but there are some problems when extruding
some materials, such as:

Thermosetting materia s and rubber, the polymeric materia takesthe shape
of the mold according to the section to be produced. It isthe ideal way to
manufacture shapes of standard sizes such asrods, tubes, strips and plates.
It isalso suitablefor thermosets, such asthe process of manufacturing pipes
and films mentioned above.

Pitch p ——1
Scrow

-

Direcson of mak flow

~ - / ' = Charnel

— Flign

Fig. 2.3 shows a section of asingle-screw extruder [40]

When talking about systems operating in extrusion machines, some basics
must be addressed, including the propulsion system in these machines, so
the following conditions must be met in it:

+ Good stability.
* Wide limits of circular speed change = 1:10 with high efficiency.
of the circular speed of the screw when loads change from (0-100).

« Stahility or little changein the circular torque In terms of the circular
Speed.

» choosing the angle of inclination of the snail roll according to the
properties of the material.

+ ease of maintenance and repair, and low costs.

Extrusion Process Variables:




There are severa important variables for the extrusion process,
including (temperature, speed, time) and others according to the
physical properties of the material, especidly fluidity and flow, and
each variable is determined by laboratory tests.

Heat Out Heat Out Heat In
T mm'm VN

Metering  Melting  Feeding

Figure 3.4 shows a section of the screw and itsthree divisions: feeding zone, melting zone and zone Calibration [36]
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Figure 3. 5. Extrusion Die Shows 1. Screw, 2. Raller, 3. Head Cover, 4. Head End, 5. Buffer, 6. Heaters, 7. Filter [38]

Thereare other types of extrusion, including:

1- Piston formation: It is done by pushing a piston for polymeric
materids in the form of powders

(pressing method), especidly for PTFE,

2- Thermoforming: that is, the plasticization of polymeric materias
through friction,

3- Mixed forming: two or more materials are extruded,

4- Forming with a twin-screw extruder: it is done with two screws in

one cylinder,

Covering: It is covered with electrical wires and others.

Vacuum formation: by compressing or pushing a gas or a liquid

substance polymeric.

5
6

22 1<




There are two types of extruders. single-screw (snail) extruders and
twin-screw (snail) extruders, as the two-screw machines are usually
used for PVC.

! l ! Single screw extruder

ZZZZﬂ_ZZZZﬂZZZHD

Nt Fomnygsany,

E 1 f Twin screw extruder
LA A7 7H
‘)é

St b MY eds g Lok Vst
C mm—y ha

Figure 3.8. Shows a section of single and twin extruders [40]

The most important basics of the extrusion process:

There must be some design conditions and formation conditions that
determine the type and quality of the product, so we have to study
them in detail, because we studied the process techniques in general
above. [36, 37, 38, 41]

Algab (Istanbul):

It is the most important element in extrusion machines, and it
determines the shape of the product, so the molten material must pass
through the nozzle (mold) with specific pressure (push), viscosity, and
temperature, according to the extrusion specifications, and it continues
until the end of the mold, i.e. until the material exitsthe mold, if These
variables correlate with the time to supply a constant source of molten
materia polymeric materias to the mold through a pre-mould filter
materiad with a cooling system unit.

Important note: When the molten polymer comes out of the mold,
many of its molecules are oriented in a direction parallel to the axis of
the mold opening, then the molecules are no longer bound by the heart
wall. Die Swell at the end of the die, unless the product is made more
frequently and continuously, extruded and shown with cross-sections
greater than those in the die opening, in the die the thermoplastic
polymer particles consist of long chainsthat tend to be coiled randomly,




when flowing this material or paid Through the die, the particles

become straight or partialy oriented.

Under normal circumstances, Die Swell can be reduced as follows:

- reduce extrusion rate.

- Increase the melt temperature (keep the extrusion rate constant).

- increase the length of the template area.

- Increase the extrusion rate (ratio of extrusion to normal extrusiorate)
without affecting the The resulting.

Filtration Unit (Filter Filter):

Thereisoften astrainer or filter disc installed between the drum and the

mould.

Thefilter disc hasthefollowing functions:

A. helpsto increase back pressure.

B. It converts the rotary flow of melt into aflow parallel to the axis of
the screw.

C. preventsthe passage of impurities.

D. Unplasticized materials are prohibited.

Withdrawal unit:

Its function isto pull the products out of the extrusion so that the above
phenomenon does not occur. The pulling of the extrusion product must
be at a uniform speed without slipping. This ensures that we can pull
the dimensions unchanged after the mold, and thisisrelated to the final
size of the product.

Cutting Devices:

Cutting devicesare very precise equi pment because some products need
Cutting to a specific length.

The most important thing to know about extruson molding is:
Understand the annealing system temperature path and the material
forming temperature.

Optimal screw design to handle the required polymer Understanding the
function of the materia filter Understanding the molten shrinkage rate
by decreasing temperature.

Uniform cooling around (or aong) the exit area of the mold is very
important.

Usually, the extrusion processis processed by mixing some additives
with the material to improve its workability for manufacturing. In
order to obtain a high quality product, it is necessary to have a stable




heat transfer and transfer uniformly on the granules to soften them
(forming temperature) by pressing with arotating screw at a specific
speed and this circular motion is derived in the inside of the cylinder
by making the resulting molten have the ability to flow under some
pressure The materia is gear box and e ectric motor.

Melting temperature control:

In order to melt the granules, heat is generated either internally by
friction or by applying external heat through heaters (electrical
resistance around the cylinder). If the weather istoo cold, it will not be
sufficiently plastic, resulting in temperature differences aso in the
occurrence of differencesin flow rate, overheating of the cylinder can
be prevented by cooling it with water or by pushing air strong around.

Extrusion Products:
» Compounded polymers:
* Pipes
*  Window frames
* Adhesivetapes
* Wireinsulation

Feed hopper
\ Plastic pellets
Heaters Shaping die D
o~ )
) ~ /Tubing and pipes
e |t e e |
T\ T A T A\ W T A W A\ e A A e e oy ;: ;
LA AN AAANND— -
, T — <>
Sheet and film
Turning screw Barrel Molten plastic ~ Extrudate
Structural parts

| nflatable extrusion strips:

This technical method used in the production of the same panels only is
that the mold summit will beintheform of tubular cavity in which the strip
Is stretched by the tape as a cylindrical form called the bubble, and during
the hardening of the bubble is pressed from The two sides between two




bindings to configure a double fish bar has been practically found to be
extruded and received the product from the bottom to the top and then
flatten them between the two pokers and carry them into the roller roller,
and this method is used in the work of polymer stripsto use in large body
body coverage Relatively asthe machines and cars are used for agricultural
covers ... etc, strips can be cut on short distances and their mother from
one end to give us the bags or light bags.

—
W ==
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The shape Illustrates the method of producing hollow panels and movies

Extrusion for wire cover:

One of the most important practical applications for extrusion method is
covered metal wire and cables with eectric polymeric polymeric and
corrosion resistant and different weather conditions, practically similar to
the extrusion method where the meta wire is passing Covering and during
the passage of hot polymeric substance through the mold, it surrounds the
hot metal wire (its temperature as a miquacity of the polymer) and goes out
as one unit of the mold where it is cold and the cable Requirements with
standard reluctance and lengths, and common resins are used to cover wires
and cable polyethylene resin, polyethylene and nylon, sometimes used
silicon resin for high-resistant cables.
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After research and studies on extrusion of polymeric materials show that
improved designs for extrusion machines, including a large diameter
design, will give the extrusion process:

1. Improved polymer fusion,

2. Disposal of moisture,

3. Disposal of volatile gases from molten.

The design solutions of the Cylinder Extrusion Machine:

(Extruder Barrel) The extrusion cylinder must be solid to bear high
pressure from the polymer molten, a good heat conductor, heat
transmisson of The steamers to the material by roller, the volume of
extruson machine is determined by the internal diameter of the cylinder,
which is (2.5-15 cm, and the rate of lengthis L / D and is about (5-34),
where in case of short meansL / D Lessthan 20 is used for manufacturing
elastomers (elastomers) and in the case of large L / D maternelsis greater
than 20 and used for thermoplastics and is necessary to dry the polymer
granules before entering The cylinder, the entry point of nutrition (Hopper)
should be cooled using rotary water (Circulating water) to avoid the rise of
heat to the so-so in this case the granules will be smelter and are still in
force Thus turning into a solid mass leading to the closed of entry, the
temperature of the roller is controlled by electric stores that are controlled
by (thermocouple) isinstalled on the inner surface of the cylinder outside
the layer The resistance is close to the pulmonary molten, and the
temperature of the Thermocouple of another type, the rotation of the
Polymri molten around the spiral leadsto the heat transfer by delivery from
the molten stacks and then To the lamb, it allows the extrusion process to
continue evenif the workshops are bei ng suspended (tireless-manufactured
steel with high thermal conductivity), extrusion cylinders are currently
equipped with aheating and cooling system with the same time that allows
By reducing heat in case height than the scheduled limit (high temperature
can cause change in the matter of polymerism and aso reduce its
mechanical properties), and the design of pulses attracted significant
attention by companiesin recent years.

General Notes:

1. Polymer granules, whether in solid or molten, both devoid of emptying
between fins and rollers, and is paid along the front edge (Forward Edge)
for the driving army (Forward Edge) Pushing Flight), 2. The vacuum
(Clearance) between theroller and the fox-finder edgeisvery small by 0.01
mm and is constant along the spiral, 3. The fins and interior surface of the




cylinder are made of stainless steel to resist wear, 4. The roller must bear
the 100 MPA pressure without flexible deformation (elastic deformation)
and about 0.15% Strain, which has to crack the plating layer for wear. 5.
Solid granul es possess greater size than the same amount if they were gum,
6. At alot of times are also added to colors, antioxidants, antimicrobials
and antibucolis at every batch of about 15 — 30%,

The design of thelength of each region In the screw varies according
to thetype of polymeric material to be manufactured asfollows:

1. Polymers, such as PVC, which tend to thermally decompose and melt
slowly, can be manufactured using a screw whose total length is a
compression zone, and sometimes a metering zone is added.

2. For some polymers such as nylon, the transition region in the spira
design has only one bend,

3. For partial fusion polymers, such as LDPE, the total Iength of the spiral
is divided into three equal regions,

4. A three-zone screw with avent section in which the pressureisreduced
to allow gasesto escape from the polymer melt by vacuum, or the gases
are vented through a vent hole punched on the cylinder walls (relief
valve)

Deter mination of residence timedistribution:
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The distinctive and important factor is the impact of relaxing time on
product quality and knowing the importance of distributing relaxation time
for:

- Sensitive products for heating, destination and fusion.

— The confusion processisinside.

— Time to stay fluid in the flourish.

I ncoming raw material inspection:

In these manufacturing process products are constant and resin properties
will be critical value for his proof and stability of the manufacturing
process. It is very important to be able to measure the physica and
manufacturing features of the resin that will be made depending on a
regular base. This type of examination gives a good realization and
awareness of the regular examination that will believe that resinisused in
manufacturing processes which will not turninto uselesswastein extrusion
line. The properties of resin measured and registered include: resin density,
fusion index (fusion manual), shear rate for viscosity and tensile resi stance.
Other optical scale method is external pressure on slim and smoke resin
films Hydraulicaly, thisis an advance look at extrusion for the resin after
fused and is formed. This method is characterized by a clear or colored
look for quantities of polluted or non-minted minutes in the next resin
batch. And that person-based person Extrusion can train to perform these
basic examsfor resin, however, heisresponsible at the end of today about
the output of good extrusion at the end of the production line.

Resin handling for moisture content and temper atur e;

The other Important measurement factor isresin moisture content and resin
temperature only before extrusion process. Some resins are professional
moisture, hydroscopic which is the material sucks water from the air and
ambient environment. But others are unprecedented resins but sill
gathering and storing superficial moisture which affect the continuity of
extruson. Many existing companies are equipped with dried resins and
transport and heating equipment. Most waterproof resins require moisture
content about 4 ...% of common waterproof resins and include: nylon,
polyurethane, polytra floro and ethylene and other materials. Moisture
content is changing from resin to another. There are more dry resins but for
some certain amount resins of moisture be necessary for efficient and
moisture manufacturing process can affect as a millennium. Where dried
resins are too dried to make non-melted resin and the manufacturing wife
Isvery high and therefore makesresin non-manufacturing. By heating resin
before extrusion, extrusion gives fixed requirements of heat, melting and
mixing of resin, and the process starts from the same resin temperature, if
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the resin is added to suppress the essence (6. Fahrenheit) Manufacturing is
quite different when adding atemperature resin) 0. Fahrenheit.

Resin storage and conveyance:

Usually useful resin storage in dry and clean area and away from pollution
source and save them away from ocean temperature changes. Some
companies storeresin in bags or in warehouses and when resin is initiated
for use, it isin away to suppress the flourish.

Gravimetric resin feeding:

When resin feedsto theflour, there are usualy two waysto feed resin used
to feed resin, thefirst called

flood feeding:

any frequent nutrition) FLOOD FEEDING (and the other type is cdled
reformative nutrition The few (Trickle) is the easiest and common way to
use and in this nutrition. Resin is added to the suppression of excessive
until filling repression and resin falls on a spiral Nutrition by gravity to
move down the extrusion pot. Resin and powder pellets will fill nutrition
wings How can this.

Trickle, or starve feeding:

hereresinispellets or powder Added to repression and then to the nutrition
screw at a dominant rate and are known and usually governed by weight.
The equipment known as gravity nutrients are used to control the resin
delivery rate to nutrition. Nothing is used for gravity Manufacturing
processes that manufacture multi-layer products especially when resin
layers are thin and difficult measurement after extrusion of the product.
Selection criteria :

Performance requirements are successfully satisfied when the product
comes with enough fusion of resin and molten combined a a fixed
temperature and constant pressure.
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When the preacher is determined for the manufacturing process, the
factorsrequired to takeinto account:

Diameter, L / D RatioL / D RPM RPM (RPM) RPM (, Nutrition, Horse
Wood and Disposable Design, Distribution of Population Capacity,
Distribution of Cooling Areas, Cooling To vent, need to cool the feeding
for nutrition design for nutrition and steel face for potted lining,
arrangement of control devices. It isenough to say in thisresearch that the
function of the pipe and hoses and channels is delivering a homogeneous
materia With a regular and static rate and constant vertical pressure and
fixed melting temperature. It is easy to say more than the achievements.
Many of the work variables lead to large or few changes in the
manufacturing process that appears in the quality and quality of your
excessive product.

Davis Standard Image.

Controlled and monitored parameters:

The controlled factors typically consist of areas (for nutrition control,
extruder pot areas and extruson connection space. The other dominant
factor is) the speed of feeding in RPM (and two working persons must be
abit Accessto the condition of the state of the prostitution.
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Thermocouplesand RTDs:

That compared to the use of thermal duals with the RTDs in the extrusion
of pipes, hoses and channels are not endless comparison. Heat detection
resistors (RTDs) are more accurate than thermal durables without doubt,
and RTDs are usually accurate and reflectable within (0.1 ° F). The
traditional type of thermal dysfunction is particularly wrong and For
repetition within) £ 1.0 ° F (thermal dormitors are more durable than)
RTDs (and without doubt. Therma and RTDs are used in links and
extruders. Dual thermal is more than RTD. RTDs are more expensive than
the therma dual by) 4 — 1. (times as accuracy has a price.

Instrument calibratio :

It is not certain enough that temperature, pressure, RPM, which need to
calibrate on bases and regular bases. Readings on tools tend to decrease
over time if the tools are not calibrated regularly, and that the mgjority of
extruson and ingtallations have the control tools and measurements of
calibration twice per year.

Product cut-off device or winding equipment :

When producing pipes, hoses and channels, they need at the end of
production to cut specific lengths to end up to turn them on areel. But of
course in the case of solid tubular products, the process is specific with
special cutting devicesthat range from cutting knives for small productsto
extreme saws for large products. If the product is very fast, it can not be
wrapped on the reel and therefore should be cut into certain lengths, but if
the product is flexible and then we choose chipping or winding. Figure
shows a cutter with flexible tubular products where high lengths are
required here.




Figure shows a cutter with knives for flexible tubal products, which
requires high lengths.

Extrusion techniques:

1.Direct Extrusion:

Direct extrusion, also called front extrusion, is one of the most common
processes and involves placing molten granules into a thick-walled hopper
and then forcing the molten granulesinto the die head by means of a piston
Or screw.

The main disadvantage of this processis that the force required to extrude
the molten is higher than the force required in the case of indirect extrusion,
and the reason is due to the friction forces required for the need

The granules to move aong the warehouse

2.Indirect Extrusion:
In indirect extrusion, also known as back extrusion, the molten particles
The warehouse moves with each other while the die bit is fixed in its
position by a barrier, which must be longer than the warehouse, and this
leads to the following advantages.
1. Must be longer than the warehouse, and this leads to the following
advantages.
2. Increased speed, increased extrusion ability of small cross-sections
3. Less prone to cracking due to no heat generation from friction
Longevity of use of the warehouse due to less wear and tear
4. Reducing friction by 25-30%, which alows for the production of
larger products.
5. Thegranulesused in extrusion are of equal size, so extrusion defects
are lesslikely to occur.

Asfor itsdisadvantages, they are:

Deformations on the surface of the granules that lead to the destruction of
the product if what isrequired is a piece with a good surface finish. To get
rid of this, the granules must be cleaned or chemically washed before use.

3.Hydrostatic extrusion




Thefluid is stabilized using limited heat, the processis carried out using a
sealed cylinder in order to maintain the hydrostatic medium, and the seal
can be pressurized Using two methods:

-Constant-rate extrusion where a piston is used to compress Fluid in the
warehouse .

-Constant-pressure extruson A high-pressure compressor is used to pump
the fluid into the reservair .

Advantages and disadvantagesin hydrostatic extrusion
Advantage
- Pressure = 1400 M pa (approx.)

- Elimination of large friction force between the billet and the container
wall.

- Possible to use dies with a very low semi cone angle (a-200).

- This process can be done hot, warm, or cold, however the temperature is
limited by The stability of the fluid used.

Limitations:
- Not suitable for hot-working due to pressurized liquid.

- A practica limit on fluid pressure is around 1.7Gpa currently exists
because of the Strength of the container.

- The liquid should not solidify at high pressure this limits the obtainable.
Applications:

- Making wires of less ductile materials

- Nuclear reactor fuel rods

Forward extrusion:

- Metal isforced to flow in the same direction as the punch.

- The punch closely fitsthe die cavity to prevent backward flow of the

Material.
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Backward Extrusion:

- Metal isforced to flow in the direction opposite to the punch movement.

- Metal can also be forced to flow into recesses in the punch, see Fig

sislis's

Cold extrusion:

- Cold extrusion is the process done a room temperature or dightly
elevated Temperatures. This process can be used for materias that can
withstand the Stresses created by extrusion.

- Materials that are commonly cold extruded include: lead, tin, aluminum,
Copper, zirconium, titanium, molybdenum, beryllium, vanadium, niobium,
And steel. Examples of products produced by this process are: collapsible
Tubes, fire extinguisher cases, shock absorber cylinders and gear blanks.




Advantages
-No oxidation takes place.

- Good mechanical properties due to severe cold working as long as the
Temperatures created are below the re- crystallization temperature.

-Good surface finish with the use of proper lubricants
Hot Extrusion:

-Hot extrusion is a hot working process, which meansit is done above the
Material's recrystallization temperature to keep the material from work

Hardening and to make it easier to push the materia through the die. The
Biggest disadvantage of this processisits cost for machinery.

- Hot extrusion is done at fairly high temperatures, approximately 50 to
75% of The melting point of the metal. The pressure can range from 35-
700 Mpa

-Due to the high temperature and pressure and its detrimenta effect on the
die Life aswell as other components,

Good lubrication is necessary. Oil and Graphite work at lower
temperatures, Whereas at higher temperatures glass Powder is used.

TYPE OF HOT EXTRUSION

Hot
Extrusion

| l Hydrostatic

| Lubricated

Lubricated Hot Extrusion:

- Before the billet isinserted into the hot extrusion container, a suitable
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L ubricating system is positioned immediately ahead of the diein order to

Reduce frictiona stresses.

- Oil and graphite are used at lower temperature whereas at higher
Temperatures, glass powder is used.

- Copper aloys, titanium alloys, alloy stedl's, Stainless steels, and tool steels
Are extruded using lubrication.

,,,,,
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glass of Qransa)

Non-L ubricated Hot Extrusion:

- No lubrication is used on the billet, container, or diefor reducing
frictional Stresses.

- It has the ability to produce very complex sections with excellent
surface Finishes and low dimensional tolerances.




- Solid and hollow dies with flat shear faces are typically used.

Horizontal extrusion presses

- The layout of operating machine is horizontal and movement of billet as
well Asof ram is horizontal in direction.

- 15-50 MN capacity.

- It is mostly used for commercial extrusion of bars and shapes.

Vertical extrusion presses

- The movement of billet and ram is vertical in orientation.
- 3-20 MN capacity.
- Mainly used in the production of thin-wall tubing.

3

Die Materials

- Dies are made from highly alloy tools steels or ceramics
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- Commonly used materials are Tool Steels and Carbides

- For improved wear resistance, steel dies may be chromium plated, and
carbide Dies may be coated with titanium nitride

- For Hot drawing, cast-steel diesare used .

- Heat treatments such as nitriding are required (several times) to increase
Hardness (1000-1100 Hvor 65-70 HRC). Thisimproves dielife.

There are two general types of extrusion dies:
- Flat-faced dies
-Dies with conical entrance angle

(hextruder mounting plate; (2) die adapter Plate; (3) transition plate; (4)
preland plate; (5) Dieland plate; (6) die bolt hole; (7) aignment Dowel pin
hole; (8) thermocouple well;

Among the advantages of thistechnology are:

1.There is no friction between the depositor and the granules, which
reduces the external forces required and the heat generated from friction,
and this allows for a high speed extrusion process.

2.Large cross sections can be extruded.

3.Thereis no fuse |&ft in the warehouse .




Asfor the disadvantages of thistechnique:

-The presence of surface defects, so the surface of the granules must be
treated to remove them.

-Difficulty containing fluid under high pressures.

Advantage of the extrusion processin general Process:

1. Inthe case of hot extrusion, post adjustments are easy because the
product is still In heating condition.

2- Continuous operation.

3- Theoutput quantity is high.
4- surfacefinish is obtained well.

5- Good mechanical properties.

Disadvantages of the extrusion process:

1- Theinitial preparations and steps are high in cost and the difference
In the size and dimensions of the product

2- Product restriction due to only one type of cross-section obtained at
a specific time.

Extrusion Process Parameters. Processing Parameters

The important quantities of the extrusion process are similar to the
Important quantities in the injection molding process, which are the
material forming temperature and the screw speed. Other secondary
variables such as pressure, material moisture, and the electric current of the
screw drive are controlled and monitored to give a good homogeneity of
the molten. The tolerance of common extrusion products isin the order of
% 1 of the measured value and that any factor that stabilizes any amount is
an important factor for the process[36,37, 39, 41]

Extruder and extrusion applications Practical variablesin
product development :

There are three major types of extruders being used in the Food industry;
piston extruders, roller-type extruders, and Screw extruders. Screw
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extruders are most common extruders Used these days and can be
categorized as single and twin Screw extruders.

Single Screw Extruder :

As the name suggests, the single-screw extruder has a single Archimedian
screw that rotates in a heated metal barrel. Unlike Twin-screw machines,
which require material to be dosed into The screw to prevent an overload,
solid materia enters the barrel Through a gravity feed hopper at the feed
throat. Thismateria is Conveyed aong the extruder barrel by the action of
the screw. The Material is plasticated during this action and then passes
through A breaker plate before exiting at the die. A breaker plate is used
To take the rotation out of the melt. Without a breaker plate, the

Material would spira out of the die in line with the movement of The
screw. It also helps to build up pressure in the melt. A breaker Plate is
Illustrated in Figure 6.3. Asthe die also acts as afl ow Restricter, pressure
Is required to force the melt through. This is Referred to as die head
pressure and varies according to the size of The die and the speed and fl
ow properties of the melt. The layout Of an extruder isgivenin Figure 6.4.

Figure 6.3 Breaker plate
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Figure 6.4 Schematic of an extruder

Twin Screw Extruder:

A twin-screw extruder can have either counter-rotating or corotating
screws. Co-rotating twin-screw extruders are used mainly For
compounding. Counter-rotating screws are generally used in The
processing of heat sensitive materials, such as polyvinylchloride (PVC)
pipes and sheets. They are especially suited to heat sensitive Materials,
because they alow greater temperature control.

The aim of both types of screw is plastication, that is, to produce an Easily
formable melt stream. The temperature of extrusion will fall

Between the melting point of the polymer as a minimum, otherwise The
polymer ssmply will not fl ow, but below the onset of thermal degradation
to prevent excessive damage to the compound. The Heating of the material
Is carried out by means of external heating Zones, which are incorporated
into the body of the machine. The Number of zoneswill depend on the size
of the extruder, generally They are positioned at the point of input, the
centre region of the Screw and the point of output. These correspond to the
conveying Section, the transition (melting) region and metering section,
and fi nally the exit die region. This allows the temperature to be varied
Across the length of the screw. Generally, the temperatures will be Profi
led, to be coolest at the point of input to aid with material Feed, and hottest
at the point of exit. The latter isto compensate For the extra heat that will
be lost from the material in thisregion. The twin-screw is avery effective




mixer and aso ensures both An evenly dispersed mixture and an even
temperature across the Exiting material. Because of the combination of
feeding and screw action, twin-screw Extruders can produce compounds
with very low levels of polymers, In some cases |less than 20%. The single-
screw extruder cannot Cope with such high levels of non-polymeric
materials. However, For melt blending of virgin and recyclates or adding
relatively low Levels of additives the single-screw extruder is an effective
method For mixing and compounding a plastic mixture.

Both single- and twin-screw extruders can be confi gured for Particular
polymeric materials. This can include the design of the Screw to control
levels of mixing, the use of vents to aid in removing Volatiles or, in the
case of twin-screws, additional feeding units Can be incorporated
downstream of the polymer feed. Extruders Can also be used to make fi
nished or semi-fi nished goods such As solid profi les (bars), hollow profi
les (window frames), pipes, Films, sheets and fi laments, as discussed
earlier. If the product is a Granular material, it will fi nd use as feedstock
for other processes, For example, injection moulding or blow moulding.

Co-Extrusion:

For some applications, two different materialswith differing Properties are
used together. Co-extrusion may be carried out to Produce the component.
Each material requires an individua extruder Which feeds into a special
co-extrusion die where the melts can be combined as required. Multi-layer
pipes and sheets can be produced, Which enables recyclate materiasto be
sandwiched between virgin Material outer layers if required. Multi-layer
technologiesare not Limited to extrusion, it isalso possibleto create multi-
layers using Injection moulding, blow moulding and fi Im blowing.

Extrusion Defects
1) Inhomogeneous deformation -

- In direct extrusion, a dead zone along the outer surface of the billet due
to the Movement of metal in the center being higher than the periphery.

- After 2/3 of the billet is extruded, the outer surface of the billet (normally
with Oxidized skin) moves toward the center and extrudes to the through
the die,Resulting in internal oxide stringers. — transverse section can be
seen as an Annular ring of oxide.

2) Surface cracking




- It isthe ranging from a badly roughened surface to repetitive transverse
Cracking called fir-tree cracking.

- It isdueto longitudinal tensile stresses generated as the extrusion passes
Through the die.

- In hot extrusion, this form of cracking usually isintergranular and is
Associated with hot shortness.
- The most common case is too high ram speed for the extrusion

Temperature.

e

3) Centre burst or chevron cracking

- It can occur at low extrusion ratio due to low frictional conditions on the
Zone of deformation at the extrusion die.

- High friction(at a the tool-billet interface).

- Low friction center burst.

R

4) Variationsin structure and properties

- Structure & properties are varied within the extrusions due to nonuniform
deformation for example at the front and the back of the

Extrusion in both longitudinal and transverse directions.

- Regions of exaggerated Grain growth, due to high Hot working
temperature.




Grain

Growth -

5) Hot shortness (in auminum extrusion)

—

200

- High temperatures generated cause incipient melting, which causes

Cracking.
Types of Extrusion defects:

e Surface Cracking
e Interna Cracking
e Piping Defect

Surface Cracking

Surface cracks are developed due to

* High extrusion temperature

*High screw speed

* High Friction

It occurs at High temperature such as Hot hardness
* Can also occur at low temperature

* These cracks are intergranular




I nternal cracking

e Cracks are developed in the center of extruded material
e Thisisalso named as

e Center Cracking

o Center Burst

e Chevron Cracking

e Arrow head Cracking

e These are hard to detect in the material

e |t occursdueto differencein velocity and tensile stressesin center
of the material

e These can be prevented by using appropriate
e Dieangle

e Friction

e Extrusion Ratio

Piping Defect
e |t occurs during hot extrusion due to presence of impurities and
oxides.

e Propagates as Funnel Shaped Void.
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PIPING DEFECT
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Chapter Two

Practical part:

Work plan:

Mixing two polypropylene materials with methyl methacrylate,
then extruding them in the extrusion machine according to
different temperatures and speed ratios And then the samples are
tested in tensile test, hardness test and impact test Then study and

discuss properties improvement.
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The method of work:

1.

2.

Collect water cans made from PET and then clean it with hot water
and iron soda.

They were placed in a cutting machine and turned into granules for
the purpose of forming.

50 grams of polypropylene+ 50 g from PET were mixed after weight
with balance.

The mixture is placed in the extrusion machine at 200 temperature
and at adifferent speed of 25-50 rpm.

Then both materials were extruded together at the same temperature
and different speed.

Samples were made for testing: atensile test, a hardness test, and a
impact test.

The three tests were carried out on the samples .

Tests:
Tensletest:

In the tensile test, samples were cut with standard dimensions according to
ASTM (D1708-02a). This test is done at University of Babylon/ College
of Materials Engineering/ Polymer Engineering Department using the
model (WDW-5E, China) as Shown in figure. The two ends of the sample
were connected to the jaws of the device To start a tensile test at room
temperature by computer control, where atensile force Was applied to the
sample by (5kN) and quickly (10mm/ min) until the failure occurred Inthe
sample

Fig. 2. 2. Thetensile test device
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The concept of tensile testing Tensile testing is one of the most important
and simple Physical teststhat are carried out on adifferent set of materials,
in order to determine Their suitability for use in various engineering and
construction applications to ensure The safety and quality of those
applications. This is done by holding its opposite ends With special
equipment and pulling it out, and it is worth noting that the process of
Applying force in an axia (longitudinal) way continues in this way until
the sample is Broken, then a number of its characteristics can be
determined, including the amount Of stress, pressure, deformation and
many other characteristics that Distinguish the Sample from others. The
steps of conducting atensile test. The process of conducting A tensile test
on asample includes a set of steps, and the following will be mentioned In
detail: [9, 10] Preparation of equipment and tools for conducting atensile
test, which Includes the following: A tensile testing machine that fits the
nature and type of the Sample to be tested . Dilation meter monitors the
expansion phases of the sample while Thetest is being performed. Special
electronic devices or software to operate the tensile Testing machine and
record measurements and results while the test is being carried Out.
Tension handles suit the nature and type of the sample, asthe handles differ
According to their working principle and the nature of the face they have.
Types of handles, according to their working principle, are wedge handles,
self-tightening or Scissors, while the handles are usualy serrated in order
to hold the two ends of the Sample tightly. Preparation of the test sample
by pouring the sample material into Special molds whose shape suits the
requirements of the tensile test device to be used, Which is usualy in the
form of a dog bone. Putting the upper (fixed) and lower (moving) handles
designated for conducting the tensile test in the device, as their type And
location are compatible with the nature and length of the sample. Placing
the Specimen in its correct position between the handles to avoid the
application of lateral Tension forcesthat would cause the specimen to bend
during the test, which would Ultimately adversely affect the validity and
accuracy of the results. Delivery of the Dilation gauge along the sample to
monitor and quantify the changeinitslength during The test. Start the test
by separating the tension knobs at a constant speed depending on The size
and shape of the sample. During the test, the sample will expand and then
begin To deform until it is broken. Once the sample is broken, the tension
test ends. Abstract The tensile test is used to verify the strength and
durability of many materials used in Engineering applications such as
buildings, and it works on the principle of exposing These materials to a
strong force to make sure that they break, and then severa Measurements




can be taken, and used in equations, then arriving at the strength of the
Material and its conformity with specifications and standards Security
required

Hardness test:

The (shore D) device was used to determine the hardness of samples cut
into Different sizes (different shapes) for recycled polyethylene. Where the
samples were Cut with standard dimensions according to ASTM (D2240).
This test is carried in the University of Babylon, College of Materials
Engineering, Department of Polymers and Petrochemical Industries with
the modd (TH 210 FJ, Germany). The (shore D) device Contains a needle
like indenter at the end of the measuring tool to determine the Hardness of
the samples, and the needle is directed in a direction perpendicular to the
Sample and the device is controlled by the lever and when performing the
hardness test For samples at room temperature, from the start of the test
and an average of four Readings of each sample in different locations of
the samples cal culated to obtain the Required accuracy.

Fig. 2. 3. The hardness test dlce using (shore D)
A Shore-D device (Shore Duro-meter) was used to measure the hardness
of thermally Hardened polymeric materials, which is a compass-like
device and contains aneedlein The middle. Measure its hardness so that it

IS in contact with the surface of the sample Whose hardness is to be
measured in order for the needle to be inserted into the surface Of the
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materia and for a waiting period of about three seconds, after which the
value of the hardness is taken from the device. Regarding the Shore D
hardness, no less than Six readings were taken in different places on the
surface of the sample. The sample Used for this test has a diameter of (40
mm) and a height of (5 mm)

| mpact test:

A Charpy method was used to determine the impact strength of samples
cut into Different sizes (different shapes) for recycled polyethylene. In this
way, impact load is Suddenly applied to samples. Where the samples were
cut with standard dimensions According to ASTM (D-22885). This device
Is avallable a the University of Babylon/ College of Materials
Engineering/ Department of Polymers Engineering and Petrochemical
Industries, specifically the with the model (pendelschlagwerk, gunt,
Hamburg/ Germany), cal culates the energy needed for the fracture through
the energy Indicator, as the impact strength (1. S.) is calculated for each
sampl e through the Following equation

I*S=UC/A

Where;

UC: Is the fracture energy (joule) measured by the Charpy impact test
Instrument.

A: Isthe cross-sectional areafor the sample.

Impact test determines the amount of energy absorbed by amaterial during
Fracture. Impact test determines the amount of energy absorbed by a
materia during

Fracture. Thisabsorbed energy isameasure of agiven material'stoughness
and actsas A tool to study temperature-dependent brittle-ductile transition.
This absorbed energy isameasure of agiven material's toughness and acts
as




A tool to study temperature-dependent brittle-ductile transition. It is to
determine Whether the material is brittle or ductile in natureln the project
we used Charpy V-notch Test. It isto determine

Whether the materia is brittle or ductile in natureln the project we used
Charpy V-notch

Test. The Charpy impact test, also known as the Charpy V-notch test, isa
high strainrate test that involves striking a standard notched specimen with
acontrolled wei ght Pendulum swung from a set height. The Charpy impact
test, also known as the Charpy V-notch tes, is a high dtrainrate test that
involves striking a standard notched specimen with a controlled weight

Pendulum swung from a set height. The impact test helps measure the
amount of energy Absorbed by the specimen during fracture The impact
test helps measure the amount of energy Absorbed by the specimen during
fracture.

Fig. 2. 4. The impact test device by a charpy method




Fig. 2. 5. The twin-screw truder device




Test result:

Tensiletest result
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Fig 2. 6. The tensile test inspection of PET+PP speed 25
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Fig. 2. 7. The tensile test inspection of PET+PP speed 50

Tensletest result:
Table 2. 1. It shows the value of the eastic modulus of the
samples resulting from

Thetensile test
Elastic modulus E(Gpa) Tensile strength (M pa)

Name of sample +Speed
PET+PP 25 0.71 12

PET+PP 50 0.7 10




Fig. 2.8.Tensile test sample befor and after mearsurd.




Hardnesstest results:

Table 2. 2. It shows the results of the hardness test of the samples

Sequence PET+PP 25 PET+PP 50
1 68.3 69.8
2 64.7 64.4
3 65.5 69.8
Average 66.2 68.0

We notice an increase in the curve in its strength at speed 50 more
heightAs for the speed of 25.

Figure (2.9): it Shaow the sheets of pure PET+PP for hardness test.




I mpact test:

Table 2. 3. Hardness test chart

Name of sample Width Thickness Impact
+speed strength(J)
PET+PP 25 1341 1.70 0.125
PET+PP 50 13 1.46 0.08

Figure (2.10): Impact test sample befor and after mearsurd.
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Discussing test results:

1. Inthetensile test, we notice an increase in the value of the modulus of
elasticity and tensile strength in the 25-speed sample by a small
percentage over the 50-speed sample.

2. In the hardness test, we notice an increase in the average hardness of
the 50-speed sample by a small percentage over the 25-speed sample

3. In the impact test, we notice an increase in the rate of impactstrength
for the 25-speed sample by the 50-speed sample.

4. We notice that at speed 25 there is adight increase from speed 50.

Recommendations:
We recommend in the future extrusion PET + PP material at 25 speed
because they give better results and mechanical properties better.

Conclusion:

Taketwo materials, PET and PP, and extrude them at atemperature of 200
at a Different speed of 25,50., then The threetests were conducted: tensile,
hardness and impact test and the results are Shown above for al tests with
adiscussion of the reasons for which the results appeared .
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