Polymer Processing

A Preshapingteps:

I Solids handling and conveying: most processes usually invo
feed in particulate form

I Plastication The creation of a polymer melt from a solid feed.

I Mixing: often required to achieve uniform melt temperature
or uniform composition in compounds

I Pumping : Thelasticatedmelt must be pressurized and
pumped to a shaping device

A Shaping:

The polymer melt is forced through the shaping devices to
create the desired shape.

A Shape stabilization:

I Involves the solidification of the polymer melt in the desired
shape, through heat transfer



Polymer Processing

Thermosetting polymers
Solidification occurs upon heating

the melt to the curing temperature.
HEAT TRANSFER 1

Solid Polymer m Polymer Melt
Feed Steps Flow Shapi Shape
—> Plastication W.,) ping > Stabilisation
Pumping
Hear TlMISlnT Shapauplmmvolvevanmnﬂowgeomem HEAT TRANSFER l
themouoom
Heat input via flow through dies (extrusion processes) Thermoplastic polymers
i) external heating systems, such as » filling of mould cavities (compression, Solidification occurs upon
* electrical resistance heaters transfer and injection moulding) cooling of the melt.
* steam circulation *  flow between counter-rotating rolls
* hot fluid circulation (calendering, roll-stack extrusion)
(typically oil or water) *  free-surface stretching flow
* infra-red radiation (blow moulding, thermoforming, blown-film
and/or extrusion, formation of oriented products)
if) mechanical working of the polymer  *  coating of substrates
(viscous dissipation or "shear heat”) (roll, knife, dip and powder coating)
or moulds/formers

(rotational moulding, dip and slush moulding)
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Figureextra Outline of forming and shaping processes for plastics, elastomers,
and composite materials. (TP, Thermoplastic; TS, Thermoset; E, Elastomer.)



Characteristics of Forming and Shaping Process
for Plastics and Composite Materials

Process

Characteristics

Extrusion

Injection molding
Structural foam molding
Blow molding
Rotational molding

Thermoforming
Compression molding

Transfer molding

Casting

Long, uniform, solid or hollow complex cros®ctions; high production rates; lov
tooling costs; wide tolerances.

Complex shapes of various sizes, eliminating assembly; high produdtésn ra
costly tooling; good dimensional accuracy.

Large parts with high stiffnest®-weight ratio; less expensive tooling than in
injection molding; low production rates.

Hollow thin-walled parts of various sizes; higroduction rates and low cost foi
making containers.

Large hollow shapes of relatively simple shape; low tooling cost; low product
rates.

Shallow or relatively deep cavities; low tooling costs; medium producties.ra
Parts similar to impressiediie forging; relatively inexpensive tooling; medium
production rates.

More complex parts than compression molding and higher production rates;
scrap loss; medium tooling cost.

Simple or intricate shapes made with flexible molds; low production rates.

Processing of composite material Long cycle times; tolerances and tooling cost depend on process.




Comparative Costs and Productiol
Volumes for Processing of Plastic:

Typical production volume, number of parts

Equipment
capital Production  Tooling X . A . . .,
cost rate cost 10 10 10 10 10 10 10
Machining Medium Medium Low
Compression molding High Medium High
Transfer molding High Medium High
Injection molding High High High
Extrusion Medium High Low
Rotational molding Low Low Low
Blow molding Medium Medium Medium
Thermoforming Low Low Low
Casting Low Very low Low
Forging High Low Medium
Foam molding High Medium Medium

Source After R.L.E. Brown, Design and Manufacture of Plastic Par@opyright(c) 1980 by John Wiley& Sons Inc.

Reprinted by permission of John Wil&Sons Inc.

*Continuous process



Economic Production Quantities for
Various Molding Methods

Relative investment

required Relative Economic
production  production
Molding method Equipment  Tooling rate guantity
Hand layup VL L L VL
Sprayup L L L L
Casting M L L L
Vacuunmbag molding M L VL VL
Compressiormolded BMC H VH H H
SIVIC and preform H VH H H
Pressurébag molding H H L L
Centrfugal casting H H M M
Filament winding H H L L
Pultrusion H H H H
Rotational molding H H L M
Injection molding VH VH VH VH




Extrusion



Extrusion

This process can be compared to squeezing
toothpaste from a tube. It is a continuous process
used to produce both solid and hollow products that
have a constant cross-section: for example, a
window frame, hose pipe, curtain track, garden

trellis .
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wegter | rere——
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This extrusion is part of a window seal made from
thermoplastic elastomer (TPE).




Extrusion

A Used mostly for thermoplastics
A Products

Piping, tubes, hoses

I Window and door moldings

" Sheet and film

I Continuous filament (spinning)

I Coated electrical wire and cable

A Elements

A hopper
A barrel
A screw



Extruder

Figure 10.20 Schematic illustration of a typical extrud@wurce Encyclopedia of Polymer

Science and Engineerirfg@nd ed.). Copyrigh® 1985. Reprinted by permission of John Wiley &
Sons, Inc.

Barrel
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Adapter Die

VIDEO
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extrusion-A.wmv

Extruder

Usually ~ 1i 6 in. dia.

Up to 60 rpm
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Extruder Equipment

A Exit zonedie
I die imparts shape on the material, e.g., rod, tube, sheet, channel
I exit material is calleéxtrudate
i extrudate swells at end of die due to normal forces from the polymer flow, cdledwell

A Cooling zone
I water bath or air cooled to lower the temperature below Tg

A Auxiliary equipment

i puller | Die Swell
I rollers for proper thickness

I Wind-up or cut off

12



Screw detalls

A Helical flights with space
between them

O Carries the polymer.
0 Flight land is hardened and

AT N
A / J >

i - DISORIKES (Rep s barely clears the barrel.
— / o The Pitch (distance the flight
Y o b =

Barrel
- Pitch »|

travels in one complete
rotation) is usually about equal

VAL i to the diameter.
itch
tanA = &
pD
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The Single Screw Plasticating Extrude
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A Regions 1, 2, 3: Handling of particulate solids
A Region 3: Melting, pumping and mixing

A Region 4: Pumping and mixing

A Regions 3+4: Devolatilization (if needed)
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Annular (Tubular) Dies

In a tubular die the polymer melt exits through an annulus. These die!
are used to extrude plastic pipes. The melt flows through the annular
gap and solidifies at the exit in a cold water bath.

from
extruder

15



Profile dies

Profiles are all extruded articles having cresstional shape
that differs from that of a circle, an annulus, or a very wide
and thin rectangle (such as flat film or sheet)

To produce profiles for windows, doors etc. we need
appropriate shaped profile dies. The creastion of a profile
die may be very complicated

. Gy, G,
it gy, <)

1716



Defects In Extrusion

Defects in Extrusion

I Melt Fracture
T Sharkskin
I Bambooing



Defects In Extrusion
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Example Products

19



Product Shaping / Secondary Operations

EXTRUSION

Shaping through
die

—>

Final Product (pipe, profile)

Secondary operation

U Fiber spinning (fibers)

u Cast film (overhead
transparencies,

t Blown film (grocery bags)

Preform for other molding
processes

u Blow molding (bottles),

U Thermoforming (appliance
liners)

U Compression molding
(seals)




Secondary Shaping

Secondary shaping operations occur immediately
after the extrusion profile emerges from the die.
In general they consist of mechanical stretching
or forming of a preformed cylinder, sheet, or
membrane. Examples of common secondary
shaping processes include:

A Fiber spinning
A Film Production (cast and blown film)



Fiber Spinnina

Fiber spinning is used to manufactur
synthetic fibers. A filament is R -
continuously extruded through an @
orifice and stretched to diameters of i s
100mm and smaller. The molten

polymer is first extruded through a _

FTAfUSNI 2NJ aaONB S 4
small contaminants. It is then extrud o
UKNRdzAK | dalLAyy —

of multiple orifices (it can have 1

10,000 holes). The fibers are then

drawn to their final diameter, solidifie

(in a water bath or by forced

convection) and woundip. Petciseng

wind up

extruder

drying hopper




Fiber Spinning

A Melt spinning technology can be applied to polyamide (Nylon),
polyesters, polyurethanes and polyolefins such as PP and HDPE.

A The drawing and cooling processes determine the morphology and
mechanical properties of the final fiber. For example ultra high
molecular weight HDPE fibers with high degrees of orientation in
the axial direction have extremely high stiffness !!

A Of major concern during fiber spinning are the instabilities that
arise during drawing, such as brittle fracture and draw resonance.
Draw resonance manifests itself as periodic fluctuations that result
In diameter oscillation.



Cast Film Extrusion

A In a cast film extrusion process, a thin film is extruded through a slit
onto a chilled, highly polished turning roll, where it is qguenched from
one side. The speed of the roller controls the draw ratio and final film
thickness. The film is then sent to a second roller for cooling on the
other side. Finally it passes through a system of rollers and is wound

onto a roll.

A Thicker polymer sheets can be manufactured similarly. A sheet is
distinguished from a film by its thickness; by definition a sheet has a
thickness exceeding 2%tn. Otherwise, it is called a film.

Auto-Feeder

Cutte
d Extruder Hopper
Chill Roll

Die Chill Roll

Winder



Sheeting Dies

One of the most widely used extrusion dies is thethangeror
sheeting die. It is used to extrude plastic sheets. It is formed by the
following elements:

A Manifold: evenly distributes the melt to the approach or land region
A Approach or land: carries the melt from the manifold to the die lips
A Die lips: perform the final shaping of the melt.

A The sheet is subsequently pulled (and cooled simultaneously) by a
system of rollers
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Sheet and Film Extrusion

Melt inlet
|
Melt-distribution
. manitold

<— End plate e - Die bolt

Die  body

Melt-distribution

~" manifold
Finch rolls

_-Preland

=
ﬂ*- Die land E

End seal Adjusta ble lip

Thermocouple Wind-up 0o Guide rolls
well

= Fixed lip

Die geometry (coahanger die) for extrudingheet

Blown

Mandrel

% Extruder

Schematic illustration of the production of thin film and
plastic bags from tube first produced by an extruder and T
then blown by air. Air
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Blown Film Extrusion

A Film blowing is the most
Important method for producing
Polyethylene films (about 90% c
all PE film produced)

A In film blowing a tubular cross
section is extruded through an
annular die (usually spiraldie)
and is drawn and inflated until tr
frost lineis reached. The extrude
tubular profile passes through ol
or two air rings to cool the
material.

A Most common materials: LDPE,
HDPE, LLDPE

1727



Polymer Extrusion

Research in the area of Polymer Extrusion was
established in recent years at The Queen's
University of Belfast, and was mainly funded
through a number of very successful

KTP Programmes.

A major strategy was to actively attract a cluster
of programmes with polymer companies, which

would then lead to fundamental research in this
area.

This innovative policy has led to over twenty
successful KTP Programmes in the general
area of mono and co-extrusion, and further
processing (blown film, tubes, sheet) of polymer
especially for the food packaging and
automotive industries.

28


http://www.qub.ac.uk/ktp
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Coextru%i

In coextrusion two or more extruders e?a single die, in which the
polymer streams are layered together to form a composite extrudate.

Sheet/film die

Skin layer HSC/G ML Mi=w Skin layer

—

Barrier
lymer
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Molding Processes

Molding technigues for polymers involve the formation of
three-dimensional components within hollow molds (or
cavities)

1 Injection Molding

0 Thermoforming

I Compression Molding
1 Blow Molding
I Rotational Molding



Plastic Injection Molding

A is amanufacturingtechnique for making parts from
thermoplastic and thermoset matersl

A In contrast to the extrusion (which makes continuous
parts of constant cross section), injection molding
make discrete parts (with complex and variable cross
section)

A Molten plastic is injected at highressureinto a
mold, which is the inverse of the desired shape.

A The mold is made from metal, usually eitiseelor
aluminium

A widely used for manufacturing a variety of parts,
from the smallest component to entire body panels
of cars



http://en.wikipedia.org/wiki/Manufacturing
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(= Injection moulding

Injection moulding is a highly automated
production process for producing large quantities
of identical items. Granulated or powdered
thermoplastic material is heated, melted and then

forced under pressure into a mould.  Once in the

mould the material cools, forming a component
that takes on the shape of the mould cavity.

hydraulic
system

mould | !

maotar

Process

Plastic powder or granules are fed from a
hopper into a hollow steel barrel  which usually
contains a rotating screw.

The barrel is surrounded by a jacket of

heaters which melt the plastic material as it is
carried along the barrel by the screw towards
the mould. This part of the process is similar

to the heating and compacting stages in the
extrusion process. The screw is forced back
as the melted plastic collects at the end of

the barrel. Once a sufficient charge of melted
plastic has accumulated a hydraulic ram

forces the screw forward injecting the
thermoplastic through a sprue into the mould
cavity. The diagram (left) shows a typical
injection moulding machine. This one is capable
of exerting forces of up to 250 tonnes.

Pressure is kept on the mould until the plastic
has cooled sufficiently for the mould to be
opened and the component ejected.



Injection Molding

(a) (c)
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Figure 10.23 Injection molding with (a) plunger, (b) reciprocating rotating screw, (c) a typical part made frc
an injection molding machine cavity, showing a number of parts made from one shot; note also mold featu
such as sprues, runners, and gates.
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