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Polymer processing is an engineering specialty concerned
with the operations carried out on polymeric materials or
systems to increase or improve the material’s utility.

Molecular Design -> Monomer -> Polymer

(Design to achieve functions) (Polymerization)

—-> Polymer conversion operation —> Product
(Polymer Processing) (for human beings)

g
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Figure 2.2 Schematics of a Welex extruder.
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Figure 1.8 Temperature profiles of different plastics
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*Thermoplastic polymer:

*Thermosett polymer:

Conversion operation:

Flow of polymer (Injection Molding, Extrusion)
*Chemical reaction (Reaction IM, Thermosett)

Permanent change in physical properties (Thermosett)

g
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Classification of Polymer Conversion Operation
1. Forming operation

(Injection Molding, Extrusion, Calendering,
Thermoforming, Blow molding)

a. Physical change only (IM, Extrusion)
b. Chemical change only (Casting of caprolactam)
c. Physical + Chemical change

— Reaction Injection molding (RIM)

- IM of thermoset (Heat + Pressure)

— Compression modling of thermosetts

(Heat + Pressure (slow))

08 DEXINZ htto://molsys.hanyang.ac.kr/fom! S



Reaction Injection Molding (RIM)

Metering Lance
Mix Head

RTINS
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2. Bonding Operation

Cohesion: Both sides of the interface become molten
during the sealing (bonding) operation
(PE/PE garbage bag heat sealing)

Adhesion: One side of the interface becomes molten
during the bonding operation
(PE/paper, PE/AI foil)

Adhesion mechanism
1. Chemical bonding (intermolecular attraction forces)
Plastic/Glass, Plastic/Metal, crazy glue
2. Mechanical adhesion
One—side is coarse or rough, allow penetration of the adhesion

1Y g
085 AZAIIE http://molsys.hanyang.ac. kr/forn! S



3. Modification Operation
- Mixing
1. Spatial mixing (randomization of the components)
2. Dispersive mixing
(Reduce the size of the ingradients,

usually involves heat and pressure;
Extruder, Two roll mill, Banbury mixer, not IM)

— Surface modification (Silverstone, Plasma, Corona, E-beam..)

— Polymer chain modification
Orientation (chain alignment)
Crystallization

sAmorphous polymer: No ordered structure
*Polystyrene, Polycarbonate, Acrylics, PPO..

*Crystalline polymer: ordered strecture
*PET, HOPE, LDPE, LLDPE, Polypropylene, Nylon, PTFE..
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Table 25-1 Structures of common polymers,

High-density palyethylens
Low-demlty palyethylens
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Vinyl chioridevinyl acemte copalymer

Pailywinylidens chioride

Polytetrafuorochiylen:
Fluprinated ethylere/prapylens capolymar

Felychlormtriflanrostby lens

Pelyvinyladeng Nuoride

085« 17

—HCH{CHy)—
—(CHyCH ) — (CHyCH) —(CHyCH)—{(CH, CH) —

15 Hs T a4y
CH,

—ECHJJ'MI—{‘CH:Lll—

Q== —0" Na*
—{CHCHy—{CH,CH)}—

CH,y

—(CICH)—

My
—(CHCH)

O

-(Cii:ij—{CH:CHI—

O dan

—(CHyCH=CHCH) —
( Ht‘F-'-HJ—

Q

—{CH,CH=CHCH}—
H !—{CHrKIZH]'—
C=N

—{CHCH)—

Lo — oo
1
T
o [4]

—ICHAJ—

EXIIE

Table 25-1 (continued)

Polymethyl methscrylate

Peldyscrydaniinle

Phennxy resin

Epoxy resin

Taly(2 - dimethylphemylene oxide) (PP}

Palyoalfans

Polyoxymethylene facetal)

Cellulose rmacetate

Eibyl celluboss

Polyearbonig

Palylethylins terephthilate}

Unsaturaied palyester (curedh

CHy
_{{;H‘JI;J_

Oe=C0CH,
—{Cliﬁ'ﬂ]—
c=N

CHy

- ECHﬂEHﬂQ‘iG‘H—

Ha
CHy

él,\;ﬂlclk@i@l’c

Hy
CH,

o
“Hy

Clly

Py
HCH— CHg

ROl

Ul
—{CH0)—
]
CH:OECH:
LEl=st
-
—trH CHl—
CH—-UH
(i
ﬂ'l;(.H.--D O—LCH,
CHAOC:Hy
o ‘IT—D\
=i CHI—
> CH—UH

'I!FH W
CH. ©O

— _}%Qoﬁm_

!
CH,

—:cu.cu.oi(-\ Eon—

—{CHGié%CHCH,&uA‘.HJ!{&JJ s

http.//molsys.hanyang.ac. kr/fom/

@,

10

sy



Table 25-1 (continusd)

Diiallyd phehalate

Alkyd

Paolyether polyurethsne

Palyester polyarethane

Hylom &

Mylon &5

Hylan 610

Mykan 11

Mytan 12

Palyieids

Liesi-Tesemaldehpde

0o oo
—{mﬁﬂqm—# I.I'.:IN:IT‘{ITHCH;?—

L
v—-t(! l.l.UCH'CHCH;OJ—

OC{CH pCH = CHCHyCH = CH{CH){CHy

o H CH
L |
—(CHCHCHCH A — M)

Ba:

o 1]
i
—[CH.LH.DC(CH.M!BICH;CH,H

{I'J=|'D
-

il
—llCH-hE*—NI—
H O

bl 1

_|:c:n.h.'hll »E(Cﬂ:k'! —"h o

o :I
_I[C"IIIA_NI_
0O H

O H

‘-[':C“Jné—'!‘l—
e
N
~ - N
i -
[ ]
il L

4]
—{lll—!'—N— CH,)—
“Hs)—

088 = IEXIE

Table 25-1 (concluded)

11

i ,N.\ U Hyf—
Blelamane-Fnrmabdshyds —{i—- ' 'q'—r.‘f—l_“d-_

X ]
A

— (O~ 1!4 MNP
OH

|
Phenct-Tarmaldehyde ,._.(:JCI!;J—

|
'II:Hu
CH,

Silicone —Eﬁqn—bi-—
Ex,

http.//molsys.hanyang.ac. kr/fom/

sy



12

dE=Abs28 240 g2 0| Xl= ClAIS
— Crystallinity
A) Time dependent

Growth of crystalline region, Rate of cooling, Mold temperature,
Water bath temperature, Blown film cooling temperature

B) Temperature dependent

Melt state ~————--———--—--"--"--------———- - solid
(Processing temp, Rate of cooling Property
2 W
= =9
5 =g
[ % L
3
@)
o
-
&
S| Fast -
ow as Slow Fast
/! Rate of Cooling Rate of Cooling

@m\';uu{
| TR

08H = AEAIIE http.//molsys.hanyang.ac.kr/fom/ ~—



13

0 ®
=, )
> =
= <
Q
Q
D
Slow Fast Slow Fast
Rate of Cooling Rate of Cooling
. . /1
— Orientation
—
OF
o Q Easy streching
g, g Easy shrinkage
-+ O /
g = / $tretchijng
Exceed the /
elastic limit o
the materials
Temperature

@m\';uu{
[T

085 = A2XIE http.//molsys.hanyang.ac.kr/fom/ ~—



14

Measurement of polymer flow

 Rheology: study of flow properties of Polymer melts
1. Meltindexer (Melt Flow Index, Extrusion Plastometer)

Most common, economic, not best

Ay

Qg
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Measurement of polymer flow 2

2. Capillary rheometer — Instron, Rosand
Melt Strength Measurement

3. Brookfield Viscometer (Liquids) — Very low viscosity solution

085 DEIIZ http.//molsys.hanyang.ac. kr/fom/
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4. Torque Rheometer — Hakke, Brabender
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5. Cone and Plate rheometer — Rheometrics
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Figure 2.5 Example of Welex extruder with vent hole, screen changer,

gear pump, static mixer, and sheet die.
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INLET AND DISCHARGE

Figure 2.15 Example of gear pump in an extruder.
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Figure 1.8 Example of a Welex extruder with crammer feeder to handle

low bulk density plastics that otherwise are difficult to handle; g,
%0%Erdicv and close-up. htto://molsy's. hanyang.ac. k/forml s

1Y ang



BARREL

21

/;/////Af

EXTRUDER
SCREW

.
720

SCREEN PACK

BREAKER PLATE

il <

NN

. T P " . T, W

Figure 2.14 Basic layout of a screen pack.

085 AEAIHE

http://molsys.hanyang.ac.kr/fom/ S



22

Figure 2.13 Single bolt quick die clamping front end of a Welex extruder
with pressure safety bolt. Oy
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Figure 2.29 Large coextrusion sheet system (hoppers to die) with Frank
Nissel, president of Welex Inc. (Blue Bell, PA 19422)and a
leader in developing advanced coextrusion lines
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Figure 2.4 A Werner & Pfleider screw assembly offers specialized

processing combinations. B
088 = ASAIHE http://molsys.hanyang.ac. kr/forn! A



Table 2.1 Comparison of single- and twin-screw extruders

Single-screw Twin-screw
Flow type Drag Near positive
Residence time and Medium / wide Low / narrow (useful for
distribution reaction)
Effect of back pressure Reduces output Slight / moderate effect on
on output output
Shear in channel High (useful for stable Low (useful for PVC)
polymers)
Overall mixing Poor / medium Good (useful for
compounding)

Power absorption and High (may be adiabatic) Low (mainly conductive
heat generation heating)
Maximum screw speed High (output limited by Medium (limits output)
melting, stability, etc.) Low (limits pressure)
Thrust capacity High Complicated
Mechanical construction Robust, simple High
First cost Moderate
0882 AETIIE http-//molsys.hanyang.ac.kr/fom/
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Figure 2.1 Effect of single- and twin-screw machine variables.
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Die Design
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Figure 14.8 Examples of PVC cross sections for window frame fabricating.
Qs
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Die Swell is affected by:

Molecular Weight Distribution

Molecular Weight

Macromolecular Structure (Crystallinity, Amorphous)
Flow rate through the Die (07)

Die Design

©®0E

1. Entrance Angle in land area

2. Die gap opening

~—
3. Die length -
Take off rate (Pelletizing or Winding)
Pressure in the die

Melt temperature

©EQE

Die temperature

g
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General Rules for Die Design

1) Streamline Flow
No “Dead spots” Hang up
2) Steady increase in Flow Velocity as material travels through the Die.

N

3) Assembly and Disassembly should be easy to facilitate cleaning.
4) Land length should be 10 X die Gap opening.
5) Avoid abrupt changes in flow.

) oE

6) Use small entrance angle.
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Figure 4.9 Melt model for double wave barrier screw.
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Figure 2.16 Two different styles of static mixers.
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Figure 7.9 Tube includes inflatable mandrel proving structural support g,
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Table 2.19 Examples of compatibility between plastics for coextrusion

40

LDPE | HDPE PP Ionomer | Nylon EVA
LDPE 3 3 2 3 1 3
HDPE 3 3 2 3 1 3
PP 2 2 3 2 1 3
Ionomer 3 3 2 3 3 3
Nylon 1 1 1 3 3 1
EVA 3 3 3 3 1 3
&
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Figure 15.1 Coextrusion blow molding provides flash-free multiple layers with
easy, high speed production; six or more layers can be produced at a time.
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Figure 9.16 High barrier Davis-Standard 7-layer coextruded sheet line.

08H = AEAIIE http.//molsys.hanyang.ac.kr/fom/

42

[ THERE



43

LLLLLL

<7 EE@*’EE’E’ (¢

Figure 15.5 Example of intermittent EBM with accumulator in the die.
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