lwa> ol &

039 yhamS|
EXTRUSION

R




“ﬂy‘Mg )I;’é)

*
Initial shape Time = Dt Time=2xDt Final deformed
(shear stress (shear stress to shape
to be applied) be removed)
—>
(a) Viscous
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solid
(c) Viscoelastic
polymer
melt
Figure 1.10 (a) Ideal viscous liquid deforms continuously under applied stress (b) Ideal elastic

solid deforms immediately upon the application of stress, but fully recovers when the
stress is removed (c) Molten thermoplastic deforms continuously under the applied
stress (like a viscous liquid), but also recovers partially from the deformation upon
removal of the applied stress (like an elastic solid)
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_ Figure 1.11  The definition of polymer melt viscosity, illustrated by a simple shear flow _
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L/D Length to diameter ratio
20 or less for feeding or melt extruders
25 for blow molding, film blowing, and injection molding
30 or higher for vented extruders or high output extruders

IS
D Standard diameter é o ‘ s I . | = &
US (inches) 0.75, 1.0, 1.5, 2, 2.5, 3.5, 4.5, 6, 8, 10, 12, 14, 16, 18, 20, and 24 ) 9 po -

Europe (mm) 20, 25, 30, 35, 40, 50, 60, 90, 120, 150, 200, 250, 300, 350, 400, 450, 500,
and 600
() Helix angle

17.65° for a square pitch screw where L= D ® h
New trend: 0.8 <L, /D< 1.2 \(’ | &

h Channel depth in the metering section | \ + |¢
(0.05-0.07) D for D < 30 mm 4 4
(0.02-0.05) D for D> 30 mm | T

B Compression ratio: W

D
Prees = Bh re
2tod e/v

i) Clearance between the screw flight and the barrel

0.1 mm for D <30 mm I
0.15 mm for D> 30 mm
N Screw speed s

1-2 rev/s (60-120 rpm) for large extruders

1-5 rev/s (60-300 rpm) for small extruders
V. Barrel velocity (relative to screw speed) = DN

0.5 m/s for most polymers

0.2 m/s for unplasticized PVC

1.0 m/s for LDPE
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Square pitch screw, D= 63.5 mm, L/D=26.5, W=54.16 mm
Feed zone - 12.5turns  h,= 9.4 mm

Transition zone - 9.5 turns h=9.4 mm h,=3.23 mm
Metering zone - 4.5 turns h,= 3.23 mm

Processing Conditions:
T,=24 °C I,= 149 °C N=60rpm Ap=204bar m=61.8kg/h
Material properties (LDPE):
Viscosity: n=0.345 a=0.01°C" my=56x%x10*Pa-s" T =110°C
Thermal:
k,=0.1817W/m°C C,=2596kl/kg°C C=2.763k]/kg°C
Pou= 995 kg/m? p.=915.1 kg/m? p.=852.7+5.018 x 107p — 0.4756 T
A= 129.8 kJ/kg
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Polymer solid G = mass output per unit time = mass output rate
Q, = total thermal energy input by the heaters per unit time
Enthalpy H, I Cooling system I Heat loss Q. = total thermal energy removed by cooling per unit time
at T, and P, . : oy
T Q. T Q, Q, = total thermal energy loss into surrounding per unit time
W, = mechanical energy input by the motor per unit time = motor power

W
@ > Extruder | Die |—> Polymer melt

Enthalpy H,
at T, and P,
Q,
Heaters Enthalpy at head, H,

at T, and P,
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G = 500 ke/h (1,101 Ib/h)
AH = (280 Btu/Ib at 230 °C) — (0 Btu/Ib at RT) = 280 Btu/Ib :J=

W& =G-AH = 1,101 Ib/h x 280 Btu/lb = 308,280 Btu/h
= (308,280 Btu/h) + [2,544 Btu/(HP-h)] = 121 HP

W, =(Wp¥) - [100/(% Mechanical energy efficiency)| = 121 HP x (100/70) = 173 HP
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C, = 2.72]/g-C (0.65 cal/g-C) :J=
V=10"°m’/g (1 cc/g)

V- (P,—P,) =10 *m¥g x (6.89 x 10° — 0) N/m? = 6.89 N-m/g or J/g
AT = [V (P,—P,)]/C,=6.89]J/g+2.72]/g-C=25°C (4.5°F)
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where N is the number of striations and n is the number of sections in the mixer.
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collars for heating and cooling

Feeding cooling
Screw back-pressure Sensor ports

sensor (optional) (2 standard, others optional)
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Table 4.4 Hypothetical screw designs for general types of plastic

Rigid Impact Low-density  High-density Cellulose

Dimensions (in.) PVC  polystyrene  polyethylene  polyethylene  Nylon  acetate/butyrate
Diameter 4'/, 4'/, 4'/, 4'/, 4'/, 4'/,
Total length 90 90 90 90 90 90

Feed zone (F) 13', 27 22'/, 36 67'/, 0
Compression zone 76/ 18 45 18 4'/, 90
Metering zone (M) 0 45 22, 36 18 0

Depth (M) 0.200 0.140 0.125 0.155 0.125 0.125
Depth (F) 0.600 0.600 0.600 0.650 0.650 0.600
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Plasticizer Polymers Plasticizer type
Dioctyl phthalate Polyvinyl chloride and General purpose, primary
(DOP) copolymers plasticizer
Tricresyl phosphate Polyvinyl chloride and Flame retardant, primary
(TCP) copolymers, cellulose acetate,  plasticizer
cellulose nitrate

Dioctyl adipate Polyvinyl chloride, cellulose Low temperature plasticizer
(DOA) acetate, butyrate
Dioctyl sebacate Polyvinyl chloride, cellulose Secondary plasticizer
(DOS) acetate, butyrate
Adipic acid polyesters Polyvinyl chloride Non-migratory secondar

P poly yviny g y y
(MW = 1500-3000) plasticizer
Sebacic acid polyesters Polyvinyl chloride Non-migratory secondar

poly yviny g y y

{Mw = 1500_3000] plastimzer
Chlorinated paraffin Most polymers Flame retardant, plasticizer
(%Cl = 40-70) extenders
(MW = 600-1000)
Bi- and terphenyls Aromatic polyesters Various

(also hydrogenated)

N-ethyl-toluene Polyamides General purpose, primary
sulfonamide plasticizer
Sulfonamide-formaldehyde Polyamides Non-migratory secondary

resins plasticizers
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where AG is the change in free energy, AH is the change in enthalpy, AS the
change in entropy, and T the temperature.
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AE 1/2 AE 1722
AH =V o B e 6.23
[HJ [%J A (0-29)

where V is the total volume of the mixture, V and V, the volumes of the solvent and
polymer, AE, and AE, their energy of evaporation and, ¢, and ¢, their volume frac-
tions. Equation 6.23 can be simplified to

AH=V(8,-5,) ¢4, (6.24)
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where ¢ is called the solubility parameter and is defined by
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Polymer s (cal /Cm3)‘lf2
Polytetrafluoroethylene 6.2
Polyethylene 7.9
Polypropylene 8.0
Polyisobutylene 8.1
Polyisoprene 8.3
Polybutadiene 8.6
Polystyrene 9.1
Poly(vinyl acetate) 9.4
Poly(methyl methacrylate) 9.5
Polycarbonate 9.9
Polysulfone 9.9
Poly(vinyl chloride) 10.1
Polyethylene terephthalate 10.2
Polyamide 6 11.0
Cellulose nitrate 11.5
Poly(vinylidene chloride) 12.2
Polyamide 66 13.6

_ Polyacrylonitrile 15.4 —



