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Table 6.8 Interlaminar fracture toughness of thermoplastic composites

Material Trade name Fracture toughness
G, (K m™)
CF/Amorph. PA AS-4/]-2 1.3
CF/PPrs AS-4/Ryton 0.9
CF/PEEK AS-4/Victrex PEEK 2.1
CF/PEEK M7/ Victrex PEEK 2.5
CE/PSU AS-4/Udel P1700 1.2
CF/PAIL T650/ Torlon AIX-159 1.3
CF/PEI T300/Ultem 1000 0.9
CF/TPI AS-4/ Avimid K-IIT 1.8
CFE/TPr1 AS-4/LaRC-TPI 0.8
CE/EP AS-4/3501-6 (thermoset) 0.2
CF/EP IM7 /8551-7 (thermoset) 0.5
Sraky Jslows e edS o
—————
T =
Table 6.4 Characteristic temperatures for thermoplastic resins with 'i'"g <90°C
Polymer Chemical Structure T, T, Processing
type name cC) (°C) temp. (°C)
Polyolefin Polypropylene ~ Crystalline ~ -10 165 200-240
(PP)
Polyamides Polyamide 6,6 Crystalline 55 265 270-320
(PAB,6)
Polyamide 12 Crystalline 35 180 220-260
(PA12)
Polyesters Polyethylene Crystalline 70 265 280-310
terephthalate
(PET)
Polybutylene Crystalline 20 240 260-290
terephthalate
(PBT)
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Table 6.10 Compression strength after impact of thermoplastic composites

Material Trade name Compression strength after impact
(impact energy)
(28 ]) (42]) (57
6 (MPa) & (MPa) ¢ (MPa)

CF/PPS AS-4/Ryton 221 179 -
CF/PEEK AS5-4/Victrex PEEK 331 310 290
CE/PAI C-3000/Torlon C 365 345 317
CF/EP AS-4/3501-6 (thermoset) 179 145 131
CF/EP A5-4/8551-7 (thermoset) - 303 -

CH CH CH- CH-
NSO N TN TN/
CH CH CH C CH
AN VAN FAN FAN AN

C C C C C
\\“N \N \\“xw R\\N i\\N

Fig. 9.2 Structure of the ideal PAN molecule (Riggs, 1976).

Table 6.13 Chemical resistance of thermoplastics

Material ~ Structure  Hydraulic ~ Chlorinated Ketones Esters H,O abs.

fluid hydro- (%)
carbons

PA6,6 Crystalline — 0 0 0 8
PEEK Crystalline 0 0 0 0 0.5
PPS Crystalline 0 0 0 0 0.5
PE1 Amorphous 0 D A A 1.2
PSU Amorphous A D A A 0.9
PAI Amorphous 0 0 0 0 24
PES Amorphous A D A A 0.3
Am. PA Amorphous A A A - 5
PC Amorphous - D A A -

0 = no effect, A = is absorbed, D = is dissolved
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Initiation Cyclization

Abnormal structures
end structures
impurities 'H

N N

|

H intra- or
n=0,12.. Abstraction intermolecular
m=0,1,2. transfer
m CN

CH,CH)}-CH, CN
4 N o
‘ 2 Tranrc,ferk re-initiation
1. Cyclization

end group  chain
reactions  scission

CN
NH,, HCN fragments N wNH
= -
NCN
CN
CH;

Fig. 9.3 Release of HCN and NH, during cyclization of PAN fiber (Grassia and McGuchan, 197

Table 6.9 Compressive properties of unidirectional thermoplastic composites

Material Trade name Compression Modulus
strength (MPa) (MPa)
CF/PA6.6 G30-500/Ultramid 700 110
CF/Amorph. PA  AS-4/J-2 1100 -
CF/PPS AS-4/Ryton 940 130
CEF/PAS AS-4/PAS-2 900 120
CF/PEEK AS-4/Victrex PEEK 1100 120
CF/PEEK IM7 /Victrex PEEK 1140 -
CF/PEKEKK AS-4/Ultrapek 1310 127
CF/PsSU AS5-4/Udel P1700 1040 -
CF/PAI C-3000/Torlon C 1380 -
CE/TPI AS-4/ Avimid K-III 1000 110
CE/EP AS-4/3501-6 (thermoset) 1720 140
CF/EP HTA /6376C (thermoset) 1720 130
a¥
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Temperature °F
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Fig. 10.6 Tensile strength as a function of temperature for two para-aramid fibers and for two polymer
fibers and steel (DuPont, 1993h; Teijin, 1989).

Temperature, °F
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Fig. 10.5 Modulus as a function of temperature for several para-aramid fibers (DuPont, 1992a; Teijin, 1989).
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Table 6.7 Transverse tensile properties of thermoplastic composites

Material Transverse modulus ~ Transverse strength
E, (GPa) G, (MPa)
GF/PP Plytron (V, = 0.35) 4 11
GF/PA6,6  E-glass/Ultramid 8.6 48
CF/PA6,6  G30-500/Ultramid 7.2 72
CF/Am.PA AS-4/]-2 9 35
CF/PPS AS-4/Ryton 7.6 72
CF/PAS T 650-42/Radel 8320 8.4 61
CF/PAS AS-4/PAS-2 8.3 32
CF/PSU AS-4/Udel P1700 7 59
K49/PEKK  Kevlar/PEKK LDF™ 6.2 21
CF/PEKEKK G30-500/Ultrapek 10.3 90
CF/PEEK  AS-4/PEEK (ICI) 8.9 80
CF/PAI T650-42/PAI-696 7.6 67
CF/TPI AS-4/K-I1 9 41
CF/TPI G30-500/'NewTPT’ 8.3 59
CF/TPI AS-4/T.aRC-TPI - 33
CF/EP AS-4/3501 (thermoset) 9 52
CF/EP HTA /6376 (thermoset) 9.9 75
Pitch Polyacrylonitrile
precursor precursor

Particulate removal

Pretreatment
{chemical, thermal, mechanical)
Wet or dry spinning
Fiber spinning Solvent extraction
[ I J
Stabilization

at 200-260°C

Carbonization
to 1500°C

Graphitization
to 2500°C

Fig. 9.1 Schematic illustration of process to produce carban fibers from polyacrylonitrile and pitch.
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Fig. 10.4 Specific tensile strength against specific tensile stiffness for various reinforcing fibers.
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Table 6.5 Characteristic temperatures for thermoplastic resins with T, 290°C

Polymer
type
Polyester
Polyarylene

ether or
sulfide

Poly-
sulfones

Polyamide-
imides

Polyimides

Chemical Trade name Structure T, T, Processing
name and supplier (°C}) (°C) temp. (°C)
Polyca}bahgé Lexan, GE Amorphtﬁl;_ 150 none 280-330
(PC) Makrolon, Bayer
Polyphenylene  Ryton, Phillips Crystalline 90 280 300-340
sulfide
(Prs)
Polyarylene PAS-2, Phillips Amorphous 215 none 330
sulfide
PEEK Victrex PEEK, ICI Crystalline 143 343 38000
PEEKK Hostatec, Hoechst Crystalline 165 365 390-415
FEKK Declar, DuPont Crystalline 155 340 380400
PEKEKK Ultrapek, BASF Crystalline 175 375 400-420
Polyketone Victrex HTX, ICI Crystalline 205 385 420-430
Polysulphone Udel P1700, Amoce  Amorphous 190 none 300-350
(Ps)
Polyether- Victrex 4100G, ICI Amorphous 220 none 300-320
sulfone (PES) Ultrason E, BASF
Polyamide- Torlon C, Amoco Amorphous 275 none 350400
imide (PAI) Torlon AIX-159 Amorphous 290 none 350400
Amaoco
Polyetherimide Ultem, GE Amorphous 217 none 335420
(PED)
Polyimide (TPI) Avimid KIII, Du Pont  Amorphous 250 none 340-360
Polyimide (TP1) Aurum, Mitsui Crystalline 260 390 400420

Toatsu
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