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Iicunre 14.2  Mer and chain structures for
(a) polytetrafluoroethylene, (b) polyvinyl
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Ficure 14.12  Electron P
micrograph of a ¢‘
polyethylene single
crystal. 20,000X. [From
A. Keller, R. H.
Doremus, B. W.
Roberts, and D.
Turnbull (Editors),
Growth and Perfection
of Crystals. General
Electric Company and
John Wiley & Sons,
Inc., 1958, p. 498.]

Ficure 14.14 &
Schematic
B Lamellar
representation of the chain-folded
detailed structure of a crystallite

spherulite. (From John
C. Coburn, Dielectric
Relaxation Processes
in Poly(ethylene

Tie molecule

terephthalate), Amorphous
Dissertation, University material
of Utah, 1984.)

Spherulite surface




mafianfin MmavasumaluasnIzuIumMaLin glass transition

(Crystallization, Melting, and Glass Transition Phenomena in

Polymers)
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Ficure 15.16 Plot of
normalized fraction
crystallized versus the
logarithm of time for
polypropylene at constant
temperatures of 140°C,
150°C, and 160°C.
(Adapted from P. Parrini
and G. Corrieri,
Makromol. Chem., 62, 83,
1963. Reprinted by
permission of Hiithig &
Wepf Publishers, Zug,
Switzerland.)
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Melting and Glass Transition

Ficure 15.17  Specific volume versus
temperature, upon cooling from the

Liquid liquid melt, for totally amorphous
(curve A), semicrystalline (curve B), and

crystalline (curve C) polymers.
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Ficune 15,19 Schematic representations of the molecular structures in both
melt and solid states for (a) semicrystalline, (b) amorphous, and (c¢) liquid crystal

11



" J
MELTING AND GLASS TRANSITION TEMPERATURE FOR
SOME OF THE MORE COMMON POLYMERIC MATERIALS

Materials Glass Transition Melting
Temperature Temperature
(°C) (°C)
Polyethylene (low density) -110 115
Polytetrafluoroethylene -97 327
Polyethylene (high density) -90 137
Polypropylene 18 175
NY]OH 6,6 57 265
Polyester (PET) 69 265
Polyvinyl chloride 87 219
Polystyrene 100 240
Polycarbonate 150 265
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Thermoplastic
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Thermoplastics Polymers

Materials Type

Trade Names

Typical Application

Acrylonitrile-butadiene-
styrene (ABS)

Fluorocarbons (PTFE or
TFE)

Polyamides (nylons)

Abson, Cycolac,
Kralastic

Teflon, Halar, Halon

Nylon, Herox,
Nomex

Refrigerator linings, lawn
and garden equip., toys,
highway safety device

Anticorrosive seals,
chemical pipes and valves,
high temperature electronic
paths

Bearings, gears, cams,
bushing
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Thermosetting
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Thermosetting Polymers

Materials Type

Trade Names

Typical
Application

Epoxies

Phenolics

Polyesters

Araldite, Epon

Bakelite,
Amberol

Aropol, Baygal

Electrical moldings,
sinks, adhesives,
protective coatings

Motor housinges,
telephones, auto
distributors

Helmets, fiberglass
boats, auto body
components

20




2
c
%
)
LS.
>
X
o
Q.
L

Silicone

Polyester

21



" J
N3¥UIUNTSHARIANNAERN

Tumsagihlvnatafneanunduuiy  Wuwie  wieelvdsusiesingg  vila
Na87s LU

. msaanluluwuy (njection molding)  Wunisuasudanana@mnta
waouvan uanssdanarainwandlvluwuy Jsaunsandslasing was

AMNINIUNIUR UAYBLFYABLATEIRANANARNTITIANGY LagnBIlin1TAUAL
ABINNATEUIUNTBE AN LEND

Figure 1. Cutaway View of the Injection Molding Process

22



q _
2. A159737 (Extrusion) “aauLiianaasn LAEDARAALALANNNYBINAEAN
ﬁgﬂ%ugﬂaaﬂmw

23



"
U 124 . . ] a A
3. N158ALILUY (Compression molding) itiianata@nasluluud
Soundselinatannud s

Compression Molding

Upper movable
mold half

Charge

Lower fixed
mold half

Ejector pin

L1

mold apening stata Inttlal mald clase

- ¥

H -

final close {compressad) mald opening again

adjustable

24



'._
Ry
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Parison Extrusion Blow Molding Part Formed
(Cross-section) (Cross-section)
Air hose

Die head — Mold

Molten
pastic Molded part
Extruder Blow pin
L
Cooling
lines
Mold cavity
Parison Moided part
Mold half Copyright © 2008 CustomPartMet

25



"

5. Thermoforming TANNSaUAULNULNELNBSUNNS UDDUFILAY

vogasinIudulanuiuulussuuagyyIna

26



6. n153avluueiy (Calendaring) ldwana@naugnnaaniusau

7. A15uaw (Casting)

Casting

Calendaring

27



n15LH8sUYBINANERN

HD9AlAENINNANERNTLATIETINLUY - Semi-crystalline  ADNENTZNINS
crystalline ag non-crystalline uwaziilesandiu crystalline dniiAna
LYaSIUINNT non-crystalline mnﬁagﬂ%uﬁﬂﬁwm non-crystalline nau

28



1suanvinvalnalles (Fracture of Polymers)
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Ficure 1510 Photomicrograph of a
craze in polyphenylene oxide. (From
R. P. Kambour and R. E. Robertson,
“The Mechanical Properties of
Plastics,” in Polymer Science, A
Materials Science Handbook, A. D.
Jenkins, Editor. Reprinted with
permission of Elsevier Science
Publishers.)
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Pandleiues (Elastomers)
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Ficure 15.15
Stress—strain curves to
600% elongation for
unvulcanized and
vulcanized natural
rubber.
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Elastomer
Chemical Trade Elongation | Major Application Typical
Type (Common (%) Characteristics Applications
Name)
Natural Natural 500-760 Excellent physical Pneumatic
polyisoprene | rubber (NR) properties;good tires and
resistance to cutting, | tubes; heels
gouging, and and soles;
abrasion; low heat, gaskets
ozone, and o1l
resistance; good
electrical properties
Styren§ GRS, 450-500 Good p}.lys.lcal Same as
butadiene Buna S properties; excellent
abrasion resistance; natural rubber
copolymer (SBR) i
not oil. Ozone, or
weather resistant;
electrical properties
good, but not
outstanding
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Stress (MPa)

Stress-Strain Behavior
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TENSILE RESPONSE: ELASTOMER CASE

c(MPa) A
60 Xbrittle failure

plastic failure

40+

|
I final: chains
' are straight,
6 & 8 still
cross-linked

initial: amorphous chains are Deformation
kinked, heavily cross-linked. is reversible!

» Compare to responses of other polymers:
--brittle response (aligned, cross linked & networked case)
--plastic response (semi-crystalline case)
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T AND STRAIN RATE: THERMOPLASTICS

* Decreasing T... c(MPa)
--increases E 80T4°c Data for the
—-increases 1S semicrystalline
__ 0 60T o Ppolymer: PMMA
decreases %EL 20°C (Plexiglas)
40 0
- Increasing 40°C
strain rate... 20
--same effects 0 | (Iso°c9 tp1.3

as decreasing T. 0 0.1 0.2 ¢ 0.3
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Janlnauasiugs

B Spectra ¥139 UHMWPE (UltraHigh Molecular Weight PolyEthylene) il
AMANURLAY LTY

Representation of the chemical structure of polyethylene,
the medical-grade plastic used in hip implants.
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B [iquid Crystal Polymers (LCP)
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SUMMARY

e General drawbacks to polymers
-- E, Gy, Kc, Tapphcatlon arc generally Small.

-- Deformation is often T and time dependent.

-- Result: polymers benefit from composite reinforcement.

* Thermoplastics (PE, PS, PP, PC):
-- Smaller E, Oy, Tapplication
-- Larger K¢
-- Easier to form and recycle
* Elastomers (rubber):
-- Large reversible strains!
* Thermosets (epoxies, polyesters):
-- Larger E, Gy, Tapplication
-- Smaller K¢
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