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The earliest extruders were used predominantly
per processing. The machines were shon
becpuse that process does not reguine
per se as with plastics bat merely soft-
and pumping through o shaping die, The
tionnl feed form of rubber is strips. which
be pulled into the screw by the screw’s
g flights and the feed section design fea-

h plastics were developed, the extruder’s
design started to change in order 0 meet the
‘melting requirements. Barrel lengths in-
s, and heating of the barrel was maore
o a5 the extruder needed 10 be heated in
e 300-S00"F range as opposed to the 100-

K*F mnge for most rubber processing. The
perew design Tor conveying rubber had o be
niticeably aliered to process the new polymers.
Plasticating extrders as they are known today
M first ‘developed in the 19305 and 19405 a5
mbber extruders: Since that time un-
of the melting process has grown,
a _Jiu. processing experience with the vinous
[ b6, beading o much more efficient de-
signs of the extruders and the accompanying
eiuipment.

Extrusion Conceps

Hm:hm of thermogplastic matenals can be ac-
mnm through various means, depending

' the product being manufacired. T'_'.rpi-

« extrusion with polymeric materialy (plas-

involves 0 continuous operalion as op-

U By William & Kramer and Edward L Steward, Davia

- Sundswd, Pawestuck, CT,
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Extrusion Processes

peescd o muking & product with an intermbtient
process as done i injection miolding. The var-
ious products made by extrsion inclisde pape,
iwbing, couting of wire, plostic botiles (blow
molding), plastic films and sheets, varims
plastic bags (blown Glm}, ‘coatings Tor paper
and fodl, fibers. filaments, yumns. tapes, plastic
plates and cups (thermoformed sheet), and a
wide array of profiles.

Extrusion is accomplished by melting the
material and forcing the melt through a forming
dig. The polymer material is fed o the extroder
through a feed opening amd can be introduced
i the extruder in pellet {or cube} form or al-
ternately @5 a powder, & granulsee, or, in some
processes, a mell. Extrodens used in rubber ex-
trusion and with some adhesives must sceepl a
srip as the feed form. The extruders that are
fed @ melt are used for pumping o pressurize
and to force the material through the die system
or 1 aid an such parameters as cooling the melt
from a melting extruder. The rypical extruder
is required 1o ke aosolid feed muferinl and to
mielt, homogenize and pump the melt through
the die system with acoeptable output uniform-
ity. The output consistency is measured by the
uniformity of the dimensions of the finished
product,

The cxtruded melt is continsously shaped
and cooled by downstream equipnient placed
atter the extruder. This sizing/cooling equip-
ment cian be comprised of cooling rolls, water
tunks, vatwum sizing fxiures; @i cooling ta-
bles. pulling devices, cutting equipment, coil-
ing or winding equipment, snd so on,

The extruders used 10 produce these products
areé overwhelmingly of the single screw wvarni-
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ey, with several ather types of machines used
in same situations. These single screw extri-
ders are simply comprised of a flighted screw
that rtates within a hested cylinder (burmel).
The screw i= rotated by a drive motor through
i gear reducer. Allermate extruders 1o the single
serew inclode muliiscrew  machines {usually
iwin screw), mtary extruders (screwless), and
i extruders. The twin screw and also the less
popular quad-screw extruders are comprised of
multiple screws within a heated barrel and ane
mosi poputar for making ngid PYC (polyvinyl
chloride) powders into pipe amnd vanous pro-
fibes - (window profiles, house siding profiles,
ete. ). The mehing performance of this material
lemads itself to the low shear pumping seen with
these types of extruders, Most polymers re-
guime more energy 10 thiroughly meli and ho-
mogenize them than a typical twin sorew extn-
der can efficiently produce. When & twin screw
extrider 15 designed (0 develop shear levels
comparable to those of single screw extruders.,
the performance is not improved over the sin-
gle screw machines, and the economics and op-
erational advantiges favor the single screw ex-
truder. That is why twin screw extruders have
nod widely penctrated the single screw market-
place, excep for the PVC powder extrusion ap-
plications. Another use of twin screw extruders
is I compoanding where additives must be dis-
persed into o polymer,. Here special miximg twin
screw machines have been developed, which
do a good job and are very expensive, These
compounding  twin screw eximsders typically
can deliver bigh oupot levels (2000- 10,000
pounds /hour and greaster) and are not econem-
ically practacil for the extrusion of everyday
products as described above,

Rotary extruders have been in use for the Last
fen o fifteen years bui have seen limited use
dug i their sealing problems againss melt leak-
ages peld their low pressure-geneeating capabil-
itics, These machines are made up of heated
discs that mowe. with polvmer between the
plules where shear is developed and melting
takes place. Some pressure can be developed,
but nowhen: near the typical 2000 1o 10,000 psi
levels of single screw or bwin screw extruders;
The possibility of melf lzakage lemds 10 concem
for. contamination due o degrading polvmer
because the system is not tofally self-cleaning,

Some larpe rodary units are being used for pel-
letizing or compounding applications, and 4
Few smiller winlis are Being uwsed for :
such as polypropylenc sheet, but the single
screw extroder still is and will remain the
workhorse in polymer extrosion for the
seeahle futune,

There are some materials in the flucrmpoty-
mer anch amnd some materals such as ulirm-high
molecular weight polyethylene that will not
process weceplobly on ihe screw extraders met-
tioned above. For these materials, a mm exto:
der is employed. This device is a non-sieady-
state machine that discharges s volume by
using a mm or a plunger io extrde the melied
material. The polymer 18 melied by conducied
hear through the bamrel in which the- ram trav-
ely. This extruder is not a substantial influence
on Welny s extrusicn markets,

SINGLE SCREW FUNCTIONAL
DESCRIPTION

Because the single screw extrader is by far the
predominant machine used in polymer extrs-
s, Bl operation is mainly described, with
comments’ reganding  aliemative  extrusion
mizans added as approprate, The basic function
of this type of extruder 15 10 accept material m
the feed section of the screw and convey this
matenal along a fighted screw enclosed inoa
barrel. (See Fig. 4-1.) The conveying is forced
by the rotation of the screw via a drive maotor
and gear reducer, The material usunlly must be
melted (plasticated) along the path through the
extrsder screw although some procesges intro-
duce the: feed mateérial already in melt form so
the extruder need only convey it The melting
of the polymer is aided by heaters that dehtly
encapsulate the barrel’s outside diameter and
are sepamated on the barrel inte zones, These
zomes can be setat different temperatures as ag-
propriate for the particular process involved,
The serew must develop enough pumping effi-
ciency 1o force the material through the die sys-
tem. The pressure developed can be substantial -
for highly restrictive die systems and can réach
RO o 12 0060 psi, Twpically the die pressun
levels encountered are in the 00 o SO0 pa
range.

The design of the screw greatly impacts the
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extrmber's: performance ad will be discussed
i\ more detail i o later section. Much of the
performance gains made by extrudet manufac-
furers aver the past 33 years have been due o
mproved scmewe designs. Mumerous [ypes of
s hove been introduced . over the vears,
some ol therm of preat pdvantage while others
#re gond for marketing but do litle o improve
the extmder™s performuance. Processors must
moognize the benefits or shoncomings of par-
ticular serew design offerings to protect thieir
alErests nd avoid the porchase of an inefliec-
ive design

The extruder must produce its cutput {extn-
dife} within certain stipulations, as defined by
the motenial. the end-product, and the process
being sccomplished., The extrusion poals. and
problem areas for varions processes will be
considered m-a later section,

This section will cover the extruder’s viirogs
functions and some ideas abowl how  these
fufictions  can most cifectively be  accom-
plished. The basic function discussions will in-
clude feeding, melting, mell pumping, mixing,
devolatilizing (venting) and the effects of some
extruder add-on, devices such as melt pumps,
mekt filiers, and material preheaters.

Feeding and Solids Conveying

The extrusion process begins with the introdie -
ton of the material to the leed opening (feed
thrsal) of the machine. The feed thro i lo-
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Scheimati figene of exemader. (Couresy Davs-Seandmrd )

cated in & section of the extruder placed be-
twizen the gear reducer and the barrel. This feed
sectiom typically isomude from cast iron with
encling passages molded into the unit, and is
designed to accept n material container (hop-
per) over the feed opeming. This part of the ex-
trusion process s of extreme imponance be
cauze the failure of & consisiént feed source 'wil
imipact negabively on the stable perfomance of
the extruder. Ot in production situations, an
unstable product gaupe or dimension. results
[rom some poor feeding fecior dug to the ma-
terial, screw design, or extruder foed area de-
sign. Most extrusion processes today ane usIng
polymers 0 solikd form, cither peliét, cube;
powder, or granule. These mquine the full pls
teaiing: (melting} abilitics of the extrder and
will be the material forms of most impotance
to- this discwasion, Adtemate forms of feed, in-
cluding premelied mateninl, rubber strips, re-
ground material, and w0 on, will be touched
upon as appropriate

e conveying forward of the solid paricles
of matenial along the early portion of the screw
is iminted by friction between the materal and
the feod section’s bore, The conveying forces
theoretically can become very high in o shon
distance and hence could lead 1o very high
pressures, Actually, the pressures in the first
portson of the barrel ovpically are SO0 o 4000
pai.. There are some mterals that can exhibit
very low pressures in the rear of the exirider
duc i poor solids-conveving efficiencies.



5 seen in wdded feed section and barrel
well @5 higher power usage from the

Mor. Maost grooved feed sections thus
iy prodduced from highly wear-re-
naterials such as mwngsten carbide lined

her the feed section is smooth bore or
the amount of wear definitely can al-
ding effectiveness and hence ouipul mie
put stability. Wom smooth bore feed
3 can be repaired with a sleeved section
| bring the bore back to original oler-
Repair of grooved feed sections in-
mone effort because of the complexity

al Effects an Feed Section Design.
m of the material entening the feed hop-
feed section has an effect on the pro-
success of the extruder, Powders and
regrimnds, for mstance, pencrally lead o
eed and processing difficulties than pel-
gubes, and heavier regrinds. The bulk
iy of the feed materinl detcrmines how ef-
sly the screw’s fead Mighis are filled and
w well the extrusion process can then com-
pence. Mast low-bulk-density regrinds and
powders (especially filled powders) will
-_Ht _[ﬁdilr Aoow down the hopper and through
the feed throat e fill the feed flights ade-
hly. When hopper flow problems ane evi-
iﬁﬂ} special matenal forcing devices, such as
| eompacting screws in the hopper/feed throat,
l. sometimes are used 1o ensure a filled screw Teed
| Might, Aliernately, the materials that cause
feeding difficulties can be pelletized or other-
wise densified on other equipment 1o alleviate
feed difficuliies and hence processing ineffi-
ciencies on the production extruder,
Peeding melt 1o an extruder introduces the
| difficalty of obtaining a free-lowing situation
ihrough the feed throat area and may reguire a
pressure-building source 1o push the material
into the feed flights. Some processes drop a
miglied ribbon of muterul into the extruder’s
feed section, which makes a filled feed Aight
difficult to ensure. The screw feed Aight design
can help the feeding efficiency, but extrusion
stability is not wsually optimum,
* Feed throat opening designs can vary, de-
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pending on the manufecturer and the process
being performed. Today's typical, efficiem
thront design 15 & large rectangular opening di-
rectly above the screw. Through the veand, feed
apenings have evolved from mund shapes o
oval to “*obround”” {lengthened oval-shaped) to
rectangular. Today's rectangular throst design
has an opening length of 1.5 to 2.5 times the
burrel inner diameter dimension. The larger
feed openings allow a free flow of material even
with moderately high regrind percentages 1o
ensure properly filled screw feed flights, The
only uses of small feed openings in this era in-
valve hoppers with fonce feeding screws (com-
pactors ) oF force-fed melt conveying extruoders,

Tangential fecd throats enter the screw arca
T one side and have added clearunce around
part of the screw’s dinmeter. They arc used for
feeding rubber strips o allow panial wrapping
wroaend the screw.

Most extrusion processes perform with best
product uniformity when the screw is operated
with full feed fights: Sometimes o metered
feeder is used o run the process with starved
feed fights for some processing reason; the ex-
truder’s stability must be acceptable or added
processing devices must be used, such azs mel
pumps (see discussion of melt pumping later in
thig-section). Twin screw extrsders appeir gen-
erally less sensitive than single serew machines
to the starve feeding mode as fur as output sta-
bility is concerned; bul as the sturving level 1z
increased, even their output stubility deterio-
rates.

Material Lubrication Effects.  Some plastics
formulations call for additives that create feed-
ing and/or melting problems. The easiest place
on the extrwder to introduce additives is in the
feed throat where the material is st atmospheric
pressure. Should the material still feed and meh
acceptably, the application of additives in the
feed area is the most economical approach
When additives create feeding or melting dif-
ficulties, the possibility of injecting the wddi-
tives somewhene abong the barme! length is con-
sidered. Introducing liguid additives saway from
the feed ares will help avoid solids conveying
detenoration and, if far enough down the bar-
rel, will avoid dismapting the melting perfor-
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These materials include any highly lubncated
formulations. members of the polypropylene
family, and some of the high molecular weight
high-density polyethylenes (HMW-HDPE).
Thess low solids-conveying efficiencies wsu-
ally lead 1o reduced output rafes from the ex-
tmidier, poor meliing performance, and some-
Fumies poor outpest consistency. (outpat stability .,
The polypropylenes have enough conveying
impetus to deliver moderate output levels and
reasonable capur stabdliny az compared to casy-
feeding materials such as most polyethylenes
When a material feeds very poordy, 1.2, as
screw speed is increased, the output increases
very slightly or nat an all, the extrusion process
usttally 15 unacceptable, and some fecding as-
sistance is required.

Feed Section Desipn; Smooth Feed vs.
Grooved. Typical commercally available
polymers exhibit fuirqo-excellent solids con-
veying: so the smooth bore of the feed section
s harrel vield enough conveying force for
stable extrusion 81 acceptable output rates. In
these cases, mclting and pumping performance
can be maximized through screw design be-
cause no feeding inadequacies exist. When ma-
tertals are encountercd that do not have ade-
quute solids-conveying o allow the screw's
medting or pumping functions to be reasonably
maximized, feed assistance devices such as
grooved Teed sections are considered. (See
Figs. 4-2-and 4-3.) These special feed sections
contain grooves that start near the rear of the
extrider’s feed opening and continue past the
teed opening arca and usually bevond o by a
distance of approximaely three fimes the barmel
mner diameter. The groowves usually are evenly
spaced around the feed area’s inper diameter
and typically are decper at their starting point
at the rear of the feed section (gear case side).
The grooves” depths then manowt (o the borrel
iner diameter ot their end. Typically, the
groonies are - cut wxinlly along the feed section’s
bome; tiney also can bemade in a helical config-
uration, which is believed o be mome elfective
for the feeding of some maienals bui is more
difficult 1o machine, Selection of the grooved
feed section wsually iz justifisble only when
there is 4 diefinite feeding problem. When the

Figs, 41 amd 4-5,
D n-Srasdore i

Ciecarwved e cevibm. (el

material feeds moderately effectively, as minst
polypropylenes do, the use of a grooved feed
section is debatable. When the use of a slightly
larger extruder with 4 smoath boe feed section
an match the performance of o grooved feed
seclion extruder, the smooth bore nsually = Ta
vored, Whenever additional extrusion feotures
can be avoided in Tevor of operational simplic-
ity with no sacrifice of performance, that is the
twvored choice,

The grooved feed section will increase our-
put umder maost comlitions with all meaterialy:
bt if the screw is already pumping ol or near
the miclting limits with a smooth bore feed sec-
totet, wny added output will not be  uselal,
Lrrooved feed sections require intensive cool-
ing to aviokd meelting in the grooved area, which
defents the conveving cfficiency, Smooth bone
feed sections are cooled typically, but only
modest cooling levels are desired and reguined
to aveid material sofiening and “bridging” in
the feed area of the screw or in the fieed throat,

The strong positive conveying efficiency of
e grooved feed sections, when eificicnily de-
signed, couses high pressure levels ol the end
of the groove section, up to [0 o 20 000
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mance. The concem for injecting late along the
barrel s for mixing efficiency. Sometimes &
mixer after the serew is helpful in blending thi
additives. One of the difficulties encountered
when the additive is injected along the barrel is
the need for a pump system 1o overcome the
pressure in the barrel at the injection port. This
pressure can be substantial, up 0 SO00 psi, 5o
the pump system must be specified 1o meel ihe
injection rte goal and to perform against what

ever pressure is present. An additional advan-
tage to injecting the additive later along the
hurrel i that the injected material does Bot ne-
imain in the barrel as long as the main polymer
and is affected Tess by heat and sheor, This s
important where heal-sensitive materinls, such
us some liquid colors, ane injected

Melting Considerations

As solid material is conveyed from the feed
throat and travels thiough the feed section of
the screw, some compaction takes place, When
it reaches the heated barrel, a melt film imme-
distely forms on the barrel 1D, The melt filim
grows in thickness as the muterial moves down
the barrel until it is thicker than the screw fight
clearunee with the barrel. Then the melt begins
to coldect at the rear of the screw channel (the
pushing side of the flight). As the melt flm goes
through this thickness growth, ranspoing
forces ane developed by the shearing of the milt
film. This conveying mechanism is termed vis-
cons dreeg, (The matertal in the channel during
the carly melting process is sketched in Fig
4-4.) The shearing of the melt film creates most
of the energy for melting of the material of

moderate to high screw speeds. The higher
viscosity of the melied material, the mon
is generated via melt film shearing. Stiffer
terials such as rigid polyvinyl chlioride {
or high-density potyethylene (HDPE) g
much heat in the melt filin, and the mell i
perature reflects that fact as screw spied |
pushed to modemte 1o high levels. Low
cosity materinls exhibit much lower el
perature rises as the screw speed is Inc
The barrel heat contribution ut high or
ernte screw speeds is often minimal, with me
film shear producing enough energy for the
tire melting process. In fact, many extod
situntions reguine some of the barrel zones
pecially those farthest from the feed area) (o
cooled 1o remove excess heat ereated by
meht film. Barrel cooling hos only a modest
feet on bowering melt temperature levels
high-speed extrusion of high viscosity
rials because of the short residence time in the
barrel and poor conductivity of most pily
The scrow designer's typieal goal s to
Rign a screw geometry 1o maximize outpul and
control the mell temperanre Tevel reqiired for
the particulur process. The discussion of *"Bi-
truder Screws™” later in the chapter will further
expound on mell lemperature contmilling fae=

Bikis.

Meli Pool Development.  As the solid bel
moves alomg the screw, the energy from the
harrel heaters and the shearing of the melt filim *
contribute to further melting, The melt being
scriped off the barrel wall as the flight passes
is trapped on the pushing side of the channel
(rear) and forms 4 melt pool. The idealized

Fig, 4. Miclung im channel. | Cemreay horvei-Sraelared b



g process uuggcm that this melting con-
in o well-defined puttern with the mseh
ool sing in size as the solid bed declines
ysize until all is molten, This full melt con-
p optimally would occur before the mate-
il reached the die sysiem 1o ensure & good end
duct, The screw channel does not normally
an orgenired melt and solid bed ar-
mgemenl (s shown in Fig. 4-4) but instead
s & endom breakup of the solid bed.
breakdown of the melt/solids relation-
the screw channel leads o several po-
extrusion problems.  First, stability is
mely affected because of pressure surges
ped when the solids break up. This pressure
ariatkon typically is seen to stan in the eurly
pear feed section) to mid-barrel locations
pgh the use of pressure recording devices.
ihould the pressure vanations be large enough,
can be seen nll along the barrel and
iniy the die system, Pressure variations in the
die sysiem relate to output variations and hence
product irregularities. A second concern of the
| jown s that a less-than-efficient melting
pity created by solids breakop can cause
nmelted material w find its way faher down
the screw and sometimes into the die system.
jcrew design cun control the melting situation
and/or damp out the negative performance as-
sots b0 some extent. (Screw features will be
discussed in the screw design section, ) The ef-
ﬁuunluﬂidbudhmkupmmgnlﬂudn
genew speed 15 increased on conventional serew
designs, o fact that has led screw design o -
‘day's specialized screw peometries.
The melting capacity of the extrusion. screw
.L:Huh: satisfied b]' an ample amount of fecd-
g_hmy This is handled through screw de-

W

 Material Efects On Melting Performance.
 The materials being extruded have a great ef-
fect on melting performance, just as they can
| alfect feeding efficiency. The amount of heat
 developed in the melt film is a function of the
wiscosity of the material and the effects of any
! nlditive. Just as lubricating sdditives can dis-
mupt the solids friction thit drives the feeding,
they can have sn effect on meling perfor-
| mance.
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The melung rate of the moterial has a deter-
mining effect on extrusion meling perfor-
mml:mmmhmﬂmdhymh

g5 thermal conductivity and specific
heat. Any fillers in the material usually will al-
ter the melting and conveying performance of
the material io some extent. Polymer blemds are
quite popular today because of the properties
ovailoble from cach of the componenis. The
makeup of the blend will affect the melting per-
formance because of the varied melting char-
acteristics of the biond s basic materfals. These
blends can creste sizable screw design chal-
lenges in the efficient handling of the melting
performance.

Inconsisiencies in the material also pose a
threat 1o extruder outpul consistency. The use
of regroiind extruder semp and off-spec product
can lead to inconsistency due o varying feed
panicle sizes and differing percentages of the
regrind as time passes. When regrind is used
from thin gauge sheet or film extrusion, the
bulk density of the feed material has an effect
on the material’s hopper flow and how the
serew's feed flights are filled, which can lewd
o outpul reduction and at some point & starved
screw. In processes that sre comtrolled by feed-
ing limitations, such as the starved screw case
in low-bulk-density reground films, it s gen-
erally difficult to maintain good output consis-
tency and high outpul mies as screw spocds are
increased. Inconsistency of the buse material
due 1o its manufacturing accuracies can yield a
feed material thit will process with varintions
as the lot of material is used. The extnmler’s
fecding and melting performance can be no-
ticeably uliered by these varistions in the feed
muerials,

The form of the material being introduced 1o
the extruder also has an effect on solids con-
veving and melting efficiency. The material
forms availoble include pellets of various sizes,
granulate (like sugar consistency), powderns of
various particle size, regrind of various sizes,
and strips (as in rubber extrusion or some melt
extrusion), The shupe of the feed material usu-
ally is determined by either economics
{cost / pound) of material manufucture or extr-
sion performance leatures. For example, the
miost economical form of ngid PVC is powder,
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and many of the processors using lange vol-
omes of this muterial produce some or all of
their extruded prodoct from powder. The neg-
ntive aspecis of powder include the reguire-
ment of & vented extrader (soe helow) and extra
plant mainlenance caused by fine powder that
travels through the air and can cormode elecir-
cal components such as drive systems and em-
perature control circuitry. Producers of PVC
profiles who can dedicate an extruder 1o a small
number of ilems can use o venled extrier and
powder feed materinl. When pan versatility is
requined, & venled extruder has operational
problems dise 10 varying fesinctions on the ex-
truder; i is recommended that producers choose
PYC in pellet or cube form. Producers of thin,
clepr PVC sheet typically use pellets on non-
wented single screw extruders; the melilng me-
chamics and shear input of the single screw ex-
truder beter it the  higher wemperatone
processing. Also, the high die pressures {5000
B0 prsi) would preclude effective venting on
this type of extruder, Economics provides the
srongest drving force in the selection of the
material™s feed form a3 long as the processing
considerations are not highly negative for the
lovwest-priced material.

Mebki Pumping

Pumping of the material against the die resis-
tance can begin back near the serew’s feed sec-
tion, espectilly when the die pressure levels ane
high, Melting starts enrdy on the screw in most
cases, snd pressurization of the melt can begin
there, In sctuality the three basic functions of
the  extruder—solids  conveying, meliing,
pumping—-cannol be sepanited into three dis-
crefe regions along the extruder. The functions
imtermesh 5o strongly that they all most be
studicd iogether. As the malerinl advances
down the screw toward ihe die, more melt is
present, and the predictions of the pumping
theory developed many years ago cin be under-
stood. This theory is well known,* and in-
cludes the prediction of the pumping capacity
of u simple metering section against no die re-

*See . . Bembunll, Proceimg of Thermoplastic e

sistance. (drag Aow) and the outpur
tendencies of the die resistance [pressure flow).
These equations reduce to faidy simple tems
o give & form of rough outpol n:ub:mﬂim ;
conventional metering screws with
that feed well, The conclusions of the
pumping analysis ane stated below:

OUTPUT = Qi = Crrvcenr

F,flu!m.(l - "—:)Hnﬁmi
Q4 = 3

F :mﬂ(x -T)mr".g

124l

g = AP

where:

2, = Dng flow pumping term
¢, = Prossure fiow resisting pumping
Fy= 1400k w) = 645(h/w) + |
[channel correction factor)
Fp=.162(h/wy = 782(hfw) + 1
{channe! comection fhctor)
¥ = scvew diameicr
N = screw speed [rpm)
h = sgrew’s meter section channel depth
w o= screw channel widith (normal diree-
tioin, nid along axis)
n = number of flighis on the screw
v = thickness of Mighi
¢ = fight lead {pitch)
@ = Right helix angle
g = viscosity of melt (shear mie =
wND k)
L = length of the metering section being
investigated

This estimation of the output pumping of a
screw is applied to the shallowest section of the
screw because that is the region that limits the
kerew’s output, Seveml simplifying assump-
tions were used o derive this fow est mation,
including (1) a Newtontan materal, (2) a fully
developed melt fow situation, (3) no screw
flight-to-barrel clearances, and (4) some other
factors that help make the equation work res-




bl w»ll when some experience factors ane

e:.umm af these abterations 1o the

g flow estimation include a 0.85 muliipher
why uﬂ.ﬂngwcmman: employed and a 0.5
er whien cold water is circulated through
muw % cone, When o barrier screw i3 used,
e melering section may mol contnol the out-
t, 50 this equation could give poor results.

Wenr Effects on Pumping

s screw Mights and barrel 1.0 wear, the
mmping ahility of the screw is diminished.
= materials and some sddinives will cause
ef wear than others. for example, linear
nsaty polyethylene (LLDPE) will cause
e wear thon conventional LDPE or poly-
pylene. Many fillers, such as titanium diox-
{iﬂd fior white colors) and reinforcing fi-
bers, also create high wear situstions, Under
1 mﬂdi:krm serew tarrel wear can lead 1o
mstability of the extruder’'s oulput, but typi-
-., the. muin effect is output reduction. At
me point, extruder wear will creale an un-
whle situation that necessitutes rebuilding
i of machinery pars such as the
ws, barrel, and feed sections. Changes in
lhﬂll}' toy inerease the screw speed and still

¢ an aoceplable melt contribute 1o the

EIH R N g

_"_'g’muiml involved in production opera-
ﬁuu.lmhldinguumumlnmn screw speeds
e syslem pressures, barmel set emper-
I'ﬂhl serew design, screw flight hardening
material, und barrel lining material, make it
impossible to predict wear life accurately. The
wwnymuud:mndﬂmwmmnmﬂ-
15 10 st base conditions when the equip-
ﬂi-hu-w:mi unworm; thst s, mn o com-
:ﬂm.lr ‘used material, and necord all per-
jhﬁnﬂ: parameters, including ouiput rate,
:rm-np:d drive amperage, barrel tempera-
tare profile, product quality, and dimensional
gonsistency. Whenever the opportunity 1o per-
immuhlnd MENEHARce DOCUTS, IMEasn
clesrances and remun the process at
hhﬂtwﬁmulﬂrmmptmpmfmmmm
#un&tﬂunmrtn!'deunwntm The wear
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patiern then can be plotted 10 show the screw
and harrel life for the given production case,

Mixing

Many extrusion processes requine better mixing
than a single screw delivers. For example. good
dispersion of color masterbatches and proper
mixing of polymer blends need higher shear
mixing devices. This is pamicularly true where
the masterbaich is based on o dissimilar mate-
rial 10v the one being colored, and where poly-
mers being blended have different melting tem-
permures and Aow properties.

Twa types of mixing usually are discussed
in polymer processing, distrbutive and disper-
sive. In distributive mixing the material{s} are
uniformly blended on a scale wherne any small
particles or ngglomenites ure nod broken down,
These particles can be “'gels™ from varbous
sources or smadl clusters of o malerial such as
carbon black, which is not physically broken
down withowt very high shear levels. Disper-
sive mixing includes very high shear mixing
from extremely tight cleamnces (about 0.001 1o
0,005 inchy where small particles or agglom-
erutes. are physically broken down to smaller
pleces and distributed into the main mass of
material. Such high shear, dispersive mixing
can be seen with some of the kneading block
geometries on compounding win screw extn-
ders, Mixing in single screw extroders is gen-
erally nod on the scile of the very high shear
levels characteristic of dispersive mixing. Typ-
feal mixing elements can yield very good dis-
trituation of & material’s mass and s additives,
but any small particles (gels) or agglomerates
will still be present. although well spread
throughout the melt, Should the presence of
these undispersed particles create o problem in
the final product, the origin of the particles must
be determined, and their cause must be avoided
in polymer blending methods or hase material
particke size selection, Expmples of common
mixing devices can be seen later in the screw
design discussion. These mixing devices can be
placed on the screw proper, can be attached o
the screw tip, or can be placed after the screw
in the dic adaptor picces
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