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in pellet form.

Thermoplastic Pellets

Thermoplastics are manufactured and sold
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Introduction

Thermoplastics are
typically manufactured
and sold in pellet and
sheet form using the
conversion process of
extrusion.
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Conversion Processes

Modules 1 through 4 dealt primarily with thermoplastic materials:
thermoplastic families, thermoplastic structure, thermoplastic
modification, and thermoplastic properties. Throughout these mod-
ules, we learned that one of the greatest attributes that thermoplas-
tics can offer the converter is formability. This module is devoted
entirely to the forming of thermoplastic parts. STK 501

Objectives: |
At the end of this module, participant should be able to:
* Define conversion processes. |
* Describe the major types of conversion processes:
extrusion, injection molding and blow molding.
® Describe the advantziges and disadvantages of each type
of conversion process.
e Determine which type of conversion process is used for
various applications.
¢ Identify the types of conversion processes used in your
company.

Thermoplastic Pellets

In previous modules, we learned that plastic materials are made by
isolating certain molecules and polymerizing them to form long,
chain-like molecules. These thermoplastics are sold in the form of
tiny pellets or sheet. It is the responsibility of the converter to convert
these raw thermoplastic shapes into thermoplastic parts. STK 502
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Soften & Form
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Thermoplastics are[heateduntil they flow then
forced b to form a finished part.
b 5
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Heat & Pressure

Conversion processes vary by the
combination of methods used to:

¢ Raise the temperature of the material
to make it flow and to apply pressure.

o Apply pressure to the flow to make it
form a part.
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Soften and Form

There are many methods of converting thermoplastics into usable

Conversion refers to the parts. In each conversion method, the thermoplastic must first be
act of converting the softened, then formed. The ability of thermoplastics to soften when
plastic pellets into final heated, form into a shape when molded, and solidifyinto a part when
part shape. cooled is what makes them unique. Conversion processes vary only
by the combination of methods used to soften the material and form
itinto a finished part. ‘ STK 503

Feat and Pressure
To soften a thermopiastic material, heat energy must be applied to
raise its temperature. This heat energy is usually generated either
: electrically or mechanically, or by a combination of the two. The
Each conversion requires method used to raise the temperature of the material to make it flow

the application of heat ~ depends on the process of conversion. Once the material is flowing,
and pressure. pressure can be applied to make it form into a part. Pressure can be

applied in a variety of ways — by squeezing, by pressing, by clamping,
by injecting, by extruding, or even by inflating the thermoplastic so
it forms to the contours of the mold. The method used to mold the
material depends on the process of conversion. STK 504
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Extrusion

| Toothpaste “—%—'I

Extrusion is the act of squeezing, pressing, or pushing
material through a die in order to make a shape
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Extrusion
Three major types of
primary conversion
processes: extrusion,
blow molding, and
injection molding.

Extrusion is the act of

squeezing, pressing, or
pushing material through
a die to make a shape.
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- Conversion Processes
‘The many pellet conversion processes available today can be broken

down into three general categories: extrusion, blow molding, and
injection molding. Most other conversion processes stem from one
or more of these technologies. STK 505

Extrusion was first used by the rubber industry during the 1930s. In
general, it is the act of pushing or pressing a material through an
opening. For example, toothpaste is extruded from its tube, and
Playdoh ™ is extruded through an opening in the Playdoh Fun Fac-
tory™. Thermoplastic extrusion involves the pushing of a thermo-
plastic melt through a die to form a shape. STK 506
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Thermoplastic Extrusion
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Heater bands provide electrical heat energy and screw
rotation provides mechanical heat energy to
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soften the peliets and make the material flow. 5
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- Thermoplastic Extrusion -

Thermoplastic extrusion uses a combination of electrical and me-

In extrusion, electrical chanical heat energy to soften the pellets until they flow. Heater
and mechanical heat bands provide the electrical energy and screw rotation provides the
soften the pellets. mechanical energy that, together, serve to raise the temperature of
| the material so it softens and flows. STK 507
Once flowing, the material can be extruded into a variety of different
Once softened, the shapes and products such as profiles, pipe, and sheet. The extrusion
plastic can be extruded of sheetis the first step in compression molding and thermoforming.
into many different Extrusion is also an integral part of processes involving either blow
shapes or products. molding or injection molding. STK 508
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Uniform Profiles and Indefinite Length
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The plastic flow is extruded through a die using mechanical
back pressure to form a part with a uniform profile that
can be cut to any desired length.
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Engineering Extrusion Line

Caterpillar Puller <}= Sizing Tank or Cooling Rack <}=I Extruder
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A thermoplastic profile is extruded, then its shape is held
till cooled below its glass transition temperature
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Many different profiles
(shapes) can be
extruded.

Once a thermoplastic
profile is extruded, its
shape must be held until
it is cooled and
solidifies.
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Uniform Profiles and Indefinite Length

The thermoplastic material is first softened, then formed. In extru-
sion, the plastic flow is formed by extruding it through a die using
mechanical back pressure. The melt takes the shape of the die and
emerges as a uniform profile that can be cut to any desired length.
Profile extrusions are uniform cross sections of infinite length.

Pipe and tubing are both profile extrusions. Theyare often called out
asa separaté product category due to the tremendous quantity of
pipe and tubing thatis extruded in a year. Profile extrusions can take
many shapes and can be cut to any length. Products such as lighting
fixtures, window blinds, and display frames are all profile extrusions.

STK 509

Engmneering Extrusion Line

After the thermoplastic melt is extruded through the die, its shape
must be held until it cools. The melt is above its glass transition
temperature so it is able to flow and form. It must then be cooled
belowits glass transition temperature soit can solidifyinto a part. The
extrusion is pulled by a caterpillar puller through a vacuum sizing
tank which cools the material while still maintaining its extruded
shape. Once solidified, the extrusion is cut and trimmed.

Because an extrusion must be able to support its own weight after
emerging from the die, special resin grades are used that provide
greater melt strength. Polymers are often branched to make them
flow more stiffly. When polymer molecules contain branches, they
tend to provide greater melt strength. ’ STK 510
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