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ety, with sevemnl other types of machines used
in some situations. These single screw extru-
ders are simply comprised of o flighted screw
thot rodmies within a heated cylinder (burmel).
The screw is rotsied by a drive moior through
u-pear reducer. Aliernate extruders 1o the single
serew  include multiscrew mochimes (oswilly
IWin screw ), rotary extruders (screwless), and
ram extruders, The twin screw and also the less
popular quad-screw extroders are comprised of
maltiple screws within a heated barrel and are
most popular for making rigid PVC (polyvinyl
chloride) powders into pipe and vinous pr-
files (window profiles, house siding profiles,
ete. ). The melting performance of this material
lends iself o the low shear pumping seen with
these types of extruders, Most polymers re-
quire more energy 1o thoroughly mell and ho-
mogenize them than & typical twin screw extn-
der can efficiently produce. When a twin serew
extruder 15 designed o develop shear levels
compirable to those of single screw extruders,
the performance 15 not improved over the sin-
gle screw machines, and the economics and op-
erationsl advantages favor the single screw ex-
truder. That is why twin screw extruders have
ned widely penetrated the single screw market-
place, excepd for the PVC powder extrusion ap-
plications. Another use of twin screw extruders
15 in compounding where additives must be dis-
persed into o polvmer. Here special mixing twin
serew mschines have been developed, which
do a good job and are very expensive. These
compounding twin screw extraders typically
can deliver high output levels (2000-10,000
pounds / hour and greater) and are not econdom-
icully practical for the extrusion of everyday
products as descrbed above,

Rotary extruders have been in use for the Last
ten o fifteen years but have seen limited use
due w their sealing problems against melt leak-
ages and their low pressure-generating cispabil-
itics. These machines are made up of hested
discs that motate with polymer between the
plates where shear is developed and melting
tukes place. Some pressure can be developed,
but nowhere neqr the typecal 2000 w 10000 psi
levels of single screw or twin screw extruders.
The possibility of mwelt leakage lesds 10 concemn
for contemination due to degrading polymer
because the system is not totally self-cleaning,

Some large rofary units are being used for pel
letizing or compounding applications, and 8
few smaller units are being used for producty
such as polypropylene sheet; but the single
screw extroder still is and will remiadn the
workhorse in polymer extrusion for the fore-
seenble future.

There are some materials in the fluoropaly-
mier arca and some malenals such as ultm-high
molecular weight polvethylene that will not
process peceptably on the screw extriders men-
tioned above, For these matenals, o ram extre-
der is employed. This device is a non-steady-
state machine that discharges itz volume by
using a mm or & plunger o extrude the melied
matenal. The polymer 15 meled by conducted
heat through the bumrel in which the ram truv-
els, This extruder is not a substintial infAuence
on today s extrusion markets.

SINGLE SCREW FUNCTIONAL
DESCRIFTION

Because the single screw extruder is by far the
predominant machine used in polymer extra-
sion, ils opermtion s mamnly descnbed, with
comments regarding  altermative  extrusson
means added as approprme. The basic functxon
of this type of extruder is 10 accept matenial in
th feed section of the screw and convey this
matennl along o Mghted screw enclosed in g
barrel. (See Fig. 4-1.) The conveying is forced
by the rotation of the screw vig o drive motos
and gear reducer. The matertal usuelly must be
melied (plasticated) along the path through the
extruder screw although some processes intm-
duce the feed materal already in melt form so
the extruder need only convey it, The melting
of the polymer is aided by heaters that tightly
encapsulate the barmel’s owmside diameter and
ane separated on the barrel into zones. These
zones cun be set at different temperatares as ap-
propriate for the particular process mvolved.
The screw must develop enough pumping effi-
eiency 1o force the mmenal through the die sys-
tem, The pressure developed can be substantial
for highly restrictive die systems and can reach
BOO0D to 12,000 psi. Typically the die pressure
levels encountered are in the 1000 to 5000 pdi
range.

The design of the screw greatly impacts the




