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34 A

1978 A2d df&3tH
(FEAY)

1985 Agd HAH3std
(F8hbap)

1989 v]= University of Akron

HHE 383}

1981~ &= 2 &7|gd T4

@A AHRuEzdTA
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An Introduction and Recent Advances of Reactive Processing
FEHY7 A TE 5222974 (Byoung Chul Kim, Korea Institute of Science and Technology, Fiber
Science Lab., P.O.Box 131, Cheongryang, Seoul 130-650, Korea)
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Table 1. Chronology of Recent Patents on Reactive Extrusion, Selected

Year Patent No. Subject

1977 U. S. 4,001,172 Polymers with improved properties and process thereof

1977 U. S. 4,011,198 Method for making polyetherimides

1977  U. S. 4,058,654 Process for the bulk polymerization of a-olefins

1978 U. S. 4,067,861 Anionic polymerization of lactams in an extruder with controlled output
rate

1978 U. S. 4,073,773 Melt polymerization method for making polyetherimides

1981 U. S. 4,245,081 Process for the production of thermoplastic polyurethane elastomers

1981 EPA 0,028,914 Manufacture of rubber-modified copolymers in an extruder type reactor

1984 U. S. 4,443,592 Method for making polyetherimide

1984 U. S. 4,463,137 Process for the preparation of rubber-modified thermoplastic resins

1984 U. S. 4,486,575 Process for the manufacture of halogenated elastomers

1984 EPA* 0,124,279 Improved process for the manufacture of halogenated polymers

1984 EPA 0,117,395 Liquid monomer feed pipe for continuous extrusion polymerization

1985 EPA 0,160,394 Continuous free radical polymerization in a wiped surface reactor

1985 U. S. 4,501,859 Process for the manufacture of halogenated polymers

1985 U. S. 4,508,874 Impact-resistant polymeric compositions containing maleic anhydride ad-
ducts of hydrogenated polymers and graft copolymers thereof

1985 U. S. 4,532,310 Contacting arylene sulfide polymer with oxygen in extruder by continuous
processing

1986 U. S. 4,563,506 Extrusion process for preparing improved brominated butyl rubber

1986  EPA 0,174,225 Reactive composition based on polyamide oligomers and epoxy resins

1987 PCT Int. 8,701,377 Radical polymerization of amido sulfonic acid-containing monomers in
twin-blade extruder

1989 U. S. 4,835,021 Extrusion coating process of reactive urethane components on thin
webs

1989  Jpn. Kokai 89-210,413  Extrusion of polyurethanes
*EPA : Eur. Pat. Appl.

Mass
Belt Reactive agent Transfer | I
Feeders { 9——4
Convective Micromixing Effect of MW on Thermaln'ffﬂe_cts
Effects Diffusion Parameters on Diftusion

Devolatilization
Convective Effects

—_
Mot
-1 I, 2o
- Viscous Dissipation
Product
Thermal Effects

on Rheology

Reaction

Acceleration of Reaction
Due to Heat Accumulation

Effect of MW
on Rherilogy

Reaction
Heat

RTD

Heat Transfer

Fig. 1. Schematic representation of reactive extrusion
Fig. 2. Transport interactions in reactive extrusion.

Process.

2248 FAANE 98 ok AR D tyl rubber®} halogendt Soli= I3 HuHAF
o] A3 Aol & Z3H 74X ¥ (corotating in- (counterrotating nonintermeshing) 2&&71% A}
termeshing) 22¢+&7]7} F2 AMEE 3 9124 bu- g1 g2
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Fig. 3. Completion of polymerization reaction in an ext-

ruder.
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Table 2. Typical Reactive Extrusion Applications

Reactants Products
Polyol +
diisocyanate +
aromatic diamine

Polycondensation Bis(hydroxybutyl) Poly(ethylene

Reaction Type
Polyaddition

Polyurethane

terephthalate terephthalate)
Polycondensation Precondensate Polyamide
Free radical Styrene + SAN

copolymerization acrylonitrile

prepolymer

Grafting Polystyrene + Polystyrene
maleic maleic
anhydride anhydride

adduct
Ionic Caprolactam Nylon 6
polymerization
Anionic 1,3-diene+ Block copolymers

of 1,3-diene
and aromatic

copolymerization aromatic
vinyl compound

vinyl
compounds

Hydrolysis Polyurethane scrap Polyol, amines

T; o

JH

p X
O 3% 3 € —
.,;«_;f_:’;“ R £
: ! — :

| Fedzone | Zonel |  Zone2 | Zone3 Zone 4 ! Zone § !

) ' . | c | o ! X 320C !

i { LTSRN 250C | 320C 320¢ | Zone 6
(die)

Fig. 4. Twin-screw extruder reactor for polyetherimide synthesis.
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vent7} . 3}r}, 21-%6.27 Taple 30)| A€ alkene
nERE gke 4oz 2HHY feedportst JF
vent7} g sjc} B3

GraftWh-g : Graftyh-3-2 2 nExzte] E4742
o o] &5 ™ radicalo]\} ionization radiationol <]3f
MA et o] ¥hge FrtaAFR o BAH e
NEATERE AojBAA wEHS AL F
matrix 25 29} ¥+2 blendingA) 71 Ay, ILEA}
e HL AR B GFAU AVHAE wAIT
L 2gAI B o2 o] FojFt}. F8 o Z& polyole-

Argon-purged tanks
Caprolactam plus promoter

Caprofactam plus
catalyst concentrate

R ecycle Catalyst deactivator

line y Vacuum pump
releases volatiles
Condenser( cooler)
ftrap

1l#k Nylon 6 and

: Vent  residual caproiactam
SN Non-intermeshing

Drive twin-screw reactor

Fig. 5. Schematic diagram of the process of anionic poly-
merization of caprolactam.

Table 3. Bulk Polymerizations of Alkenes Performed in
Extruder Reactors

Monomers Initiator

styrene-acrylonitrile, styrene-methyl  free radical
methacrylate, styrene-acrylamide

methyl methacrylate-acrylonitrile,
ABS

acrylate ester mixtures

ethyl acrylate-methacrylic acid and

mixtures with other monomers

free radical

free radical
free radical

methyl methacrylate free radical

styrene-butadiene, styrene-isoprene,  alkyllithium
1-butene
propylene, ethylene-propylene TiCly/
alkylaluminum
274
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Zh= nEAeh 4A wHg-3ci(Table 4). o]fox
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£ 9}, 53~ |
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logy= M 4 Utk FUH $gAzE s
AW 82242712 A145te amine ethylene-acr-
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Table 4. Commercial Importance of Dow RPS*

Supplier Polymer Cofunctional Cofunc'tional Properties gain
trade name base polymer modifier
Dow Primacor LDPE(EAA) Acid Thermoformability, higher heat, tensile strength.
Vamac  Acrylic rubber Acid More strength, processibility.
Du Pont Surlyn EMA ionomer Acid Thermoformability, higher heat, higher tensile strength.
CXA EPDM Anhydride Reactive tie layers.
Elvax EVA Acid Thermoformability, reactive tie layers, higher heat,
tensile strength.
Zytel Nylon/Surlyn Acid Thermoformability, higher tensile strength.
Hercules Profax PP Anhydride Distortion temperature under load, lower creep.
Reichhold  Polybond LDPE, HDPE, Aicd Better performance in glass-reinforcement bonding,
PP, EDPM, better coating adhesion, higher paint-oven
EVA, LLDPE temperatures.
Chemplex Plexar HDPE, PP Anhydride Reactive tie layers.
Mitsui Admer HDPE, PP Anhydride Reactive tie layers.
Mitsubishi Modic PP Anhydride Reactive tie layers.
Monsanto Cadon PS(SMA) Anhydride Three-component “alloys” with PC and other
engineering polymers.
Arco Dylark PS(SMA) Anhydride Three-component “alloys” with PC and other
engineering polymers.
Shell Various  Rubber SBS Anhydride More strength, processibility.
General Noryl  Modified PPO None Additional reactivity for postalloying with another
Electric thermoplastic.
Exxon Vistalan Ethylene/ Anhydride Three-component alloys with PP.
propylene
rubbers
Goodyear Vitel PET Acid Lower-“profile” SMC and BMC compounds.
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!
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Table 5. Chronology of Recent Patents on RIM, Selected

Year Patent No. Subject

1985  U. S. 4,497,945 Tough epoxy polymers formable by RIM

1986  U. S. 4,581,386 Internal mold release agent for use in RIM

1987  Jpn. Kokai 87-263,223 Lactam compositions for RIM

1988 U. S. 4,794,129 RIM compositions of polyurea-polyurethanes

1988  Jpn. Kokai 88-17,932 Nylon RIM compositions

1988 EPA 0,255,371 Polyureas prepared from a mixture of polyamides and a polyisocyanate
by RIM

1988  Jpn. Kokai 88-132,921 Polyisocyanate-poly(ether amine)-aromatic polyamine compositions for
RIM

1988  Jpn. Kokai 88-112,615 Stable acrylic-polyurethane compositions for RIM

1988  Jpn. Kokai 88-135413 Polyether-polyamine compositions for RIM

1988 EPA 0,294,768 Improved method for making mat-molded RIM Parts

1988  EPA 0,288,067 Manufacture of urethane rubbers by RIM

1989 U. S. 4,806,616 Manufacture of polyurethane and polyurea elastomers by RIM using di-
substituted phenylenediamines

1989  Jpn. Kokai 89-65,115 RIM of polyurea-polyurethane elastomers containing aromatic diamines

1989  Jpn. Kokai 89-135,825 Manufacture of wear-resistant polyurethane foam by RIM

1989  Jpn. Kokai 89-135,826 Manufacture of heat-resistant urethane rubber by RIM

1989 'U. S. 4,855,386 RIM thermosetting resin compositions

1989 U. S. 4,886,838 Internal mold release agent for use in RIM

1989  Jpn. Kokai 89-252,612 Acrylate compostions for RIM

1990  Jpn. Kokai 90-84,463 RRIM* materials containing fibrous calcium carbonate

1990  Jpn. Kokai 90-29,416 RIM of polyurethanes

1990  Jpn. Kokai 90-67,311 Manufacture of high-density polyurea elastomer moldings by RIM

*RRIM : reinforced reaction injection molding
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metering Géé—’
cylinders Hydraulic oil ~ Mixture
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C

Fig. 7. Standard mixhead configuration.

Fig. 6. Schematic diagram of RIM process.
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Table 6. Tooling Options in RIM

Production Cost factor”
Type volume® Mold® Part Application
cast epoxy 10-100 30 100 prototyping
cast aluminum-filled epoxy 10-1000 35 85 low production volume, prototyping
sprayed metal surface
cast metal 20,000 50 75 nonappearance parts
machined aluminum 100,000 90 65 appearance parts, medium volume
machined steel 200,000 100 65 appearance parts, high volume

3 Number of parts.
® Approximate.

¢ Includes cost of model for cast tooling.

Table 7. Typical Properties of RIM Polymers

Property

Method PU*! Nylon DCP*2 Epoxy

Tensile Strength D638
MPa

Elongation, % D638

Izod impact D256
J/m

Heat Distortion D648

Temperature,C

Thermal Expansion D696
m/m< X 10°

Specific Gravity

28

120
240

80

150

1.00

44 34
200 70
300 430
175 95
122 54
113 104

69

24

118

56

mat

Heated mold

Pullers

Resin bath

Fig. 8. Schematic diagram of pultrusion process.
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ol9loj = EtAA&, polyacrylonitriled-, aramid

2! Poly(dicyclo pen-

Pultrusion composite

Fig. 9. Typical construction of pultrusion product.

_ mat
Veil
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Fig. 11. Schematic diagram of SMC process.
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