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op-ti-mi-za-tion noun \ 4ptb-mbp-"z Nhpn\

é an act, process, or methodology of
making something (as a design, system,
or decision) as fully perfect, functional, or
effective as possible; specifically : the
mathematical procedures (as finding the
maximum of a function) involved in this
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Production rate limitations

For most compounding applications, the maximum
capacity for twin-screw compounding extruders will
be limited by

V how much power they can apply or
V how much material the extruder can feed

We cannot change the volume of the extruder, but
we can change the efficiency of mechanical energy
Input and conveying within the extruder and increase
the production rate with optimized screw designs.



Optlmlze feeding premix

High amount of powder (e.g. talc, CaCQO,) in barrel #1
Machine capacity is function of
V Screw Diameter (mm), diameter ratio (d /d;)

Screw speed (rpm)

\Y
V Screw design
V i F e e ddensity kg/m3)
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Screw design feeding

Local Fill Factor
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The maximum
output for
compounding
masterbatch or
highly filled
polymers (talc,
CaCQO,) is limited
with premix
systems by how
much the extruder
screws can feed Iin
barrel #1
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Screw design feeding
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After the first
kneading section,
the volume is
reduced
significantly and the
machine is nearly
empty.

The problem is only
In the main feeding
area in barrel #1




Screw design-feeding
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Local Fill Factor

_

The small pitch
conveying screw
elements in this
position are filled
when feeding
mostly powder in
main feed barrel
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Screw design optimization

Local Fill Factor
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High pitch ( a 2 D)
conveying elements
from the feed zone to
the kneading section
reduces the fill in this
part of the machine i
and allows for higher
capacity at same
screw speed
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ptimize melting

At constant screw speed, melting efficiency decreases
with increasing capacity

Kneading elements must raise temperature of solids up
to melting range

Melting efficiency decreases with extruder wear
V Maximize screw speed
V Limited processing length

V Capacity limiting



Screw design melting
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Unmolten Polymer Fraction
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—— 1000 kg/hr 900 rpm
—— 1500 kg/hr 900 rpm
—— 2000 kg/hr 900 rpm

Position of resin
melting shifts
downstream with
increasing feed
rate. As melting
location moves,
mixing quality/time
In this section
decreases.
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Screw design melting

Temperature

%00 —— 1000 kg/hr 900 rpm

— — 1500 kg/hr 900 rpm
—— 2000 kg/hr 900 rpm

200

Melt temperature prior to
side feeder MUST be
sufficiently high to allow
for cooling effect of solids
] added at side feeder.
e T | Melt temperature at end of
/ J\\&}\ ..J | melting configuration
decreases with increasing
capacity
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Screw design optimization

Unmolten Polymer Fraction

— 1000 kg/hr 900 rpm
—— 1500 kg/hr 900 rpm
—— 2000 kgh/hr 900 rpm

Unmolten Fraction (%)
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As one example -
three flight
kneading elements
are efficient at
Increasing solids
temperature and
accelerating the
melting process.
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Screw design optimization

Temperature

300 —— 1000 kg/hr 900 rpm
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'% _=5) |efficiency results in higher
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Optlmlze feeding side feeder

High loadings of fine-particle fillers (e.qg. talc) or fiber

Feeding capacity is function of

V

< < < <

-

Extruder/side feeder diameter, diameter ratio (d./d,)

Extruder/side feeder speed (rpm)

Screw design

N

Feedingdo density

Me | t

ogual ity

(kg/ m
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Local Fill Factor
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Similar to feeding
for premix systems,
any decrease in
conveying screw
pitch following the
side feeder creates
a volumetric limit.
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Unmolten Polymer Fraction

Screw designd side feeding
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Resin must be
100% melted prior
to side feeder i
Incomplete melting
creates mixing
problem.
Incomplete melting
also results in
unstable operation
of side feeder vent.




Fill Factor (%)
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Screw design optimization
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Local Fill Factor

/

Similar to feeding
for premix systems,
maximum screw
pitch (az2b
be provided from
side feeder through
to first mixing
elements.
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ptimize mixing

Dispersive and/or distributive
V Mixing element types
Kneading blocks, gear-type, others
Seqguence, number of mixing elements
V Strategic position (with respect to feed port)

V Residence time (within mixing sections)
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Mixing Index

Screw desigm mixing

— — 1200 kg/hr 600rpm

15

1500 kg/hr 750 rpm

— 1800 kg/hr 850 rpm
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Mixing Index

1D simulation provides
guantitative value of
Ami Xi ngo qu
set of operating
conditionsé
mixing designs can be
evaluated in terms of
Increase (or decrease)
In mixing index value
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Screw desigm mixing

Stress Index

/' —— 1800 kg/hr 850 rpm

—-— 1200 kg/hr 600rpm
—— 1500 kg/hr 750 rpm

1D simulation provides
guantitative value of
Anstresso for
operating conditions.
Stress Index values can
be maximized (i.e. for
Increased dispersion of
filler) or minimized (i.e.
reduced fiber breakage)
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Screw designd mixing

Disperuive Moong Sechon

6 hiibdobe knpadeg sk 1.43 Diong
0 Nivichebnendngdmis 0 Diosg
0 D reguler comvanng screw

£ xpansson comprossion cycles m the scrow imormesh tegion

Number of cycles 40.2% Enenaional rate

Elongaton per oycle 0se Caensonal shers

Shaer stain par Oycle 2245

Expanson compression Cycles m the *F ourd-Pocket®.

Number of cycles 1% Eaensonsl e 039 1M
Elcngeon per oycie 1808 Evenscnel sten 308 \Fo
Channol flow

Shear iste 1388 1% Stear ivers 08 P
Moo resdance tme 1457 » Lomisar miong index. 5227

Each screw modification
can be analyzed in terms
of computed values of
shear and extensional
stresses, residence time
within each mixing

el ement, etc
comparison of alternate
mixing designs



Optlmlze pumping
Insufficient backup length for required pressure

Pumping capacity is function of

V

V
V
V
V

Extruder diameter, diameter ratio (d /d))

Available pumping length (L/D)

Extruder speed (rpm)
Screw design

Melt density (kg/m?3)
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Screw desigmd die pressurization

Backup length
iIncreases with
Increased pressure
(e.g. screen fouling).
Screen lifetime
becomes a function
of available pumping
length before vent
problems occur.




