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Fig. 1. How plastics pe'orm on the basis of tem- Polyethylene tereph te Polyimide
perature and time (tested at tempera-
A . . . o (PETP) SAP.
ture in air). Note : Plastics retain 50% of Polypropylene (PP)
their mechanical or physical properties. From YPTOPY ZONE 8

Markets for Plastics by Rosato, Fallin, and

Rosato,
blishing, Inc.

ZONE 1

Acrylic

Cellulose acetate (CA)

Cellulose acetate-butyrate
(CAB)

Cellulose acetate
propinate (CAP)

Cellulose nitrate (CN)

Cellulose propionate

Polyallomer

© 1969 by Litton Educational Pu-

Polyethylene, low

density (LDPE)
Polystyrene (PS)
Polyvinyl acetate (PVAC)
Polyvinyl alcohol (PVAL)
Polyvinyl butyral (PVB)
Polyvinyl chloride (PVC)
Styrene-acrylonitrile (SAN)
Styrene-butadiene (SBR)
Urea-formaldehyde

2 A11¥ A33% 1987 69

Polyvinylidene chloride
Urethane

ZONE 3

Polymonochlorotrifluoro-
ethylene (CTFE)

Vinylidene fluoride

ZONE 4

Alkyd

Fluorinated ethylene
propylene (FEP)

Melamine-formaldehyde

Phenol-furfural

Polyphenylene oxide
(PPO)

Polysulfone

Plastics now being
developed using intrinsically
rigid linear macromolecules
principle rather than usual
crystallization and crosslinking
principles.
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Table 1. Solvents for Prepolymer Synthesis

N,N-Dimethyl- N-Methy!-2-pyrrolidone
formamide (DMF) (NMP)
N,N-Dimethyl- Pyridine
acetamide (DMAC)
N,N-Dimethyl- Dimethyl sulphone
methoxyacetamide
N-Methyl- Hexamethyl-
caprolactam phosphoramide (HMP)
Dimethyl Tetramethylene
sulphoxide( DMSOQ) sulphone (TMS)
m-Cresol N-Acetyl-2-
pyrrolidone

Table 2. Typical Diamine Precursors for C-Type
Aromatic Polyimides

Structure Name
(R) (abbreviation)
m-or p-Phenylene-
@ diamine

(MPD or PPD)
Q)

1,5-Diamino-
CHp~ naphthalene
@‘CHQ‘* m- or p-Xylylene-
diamine

Qo0
@O

4,4"-Diaminodipheny]

ether (DAPE)
4,4’-Diamino-

diphenyl methane(DADM )

@- S —@— 4,4’-Diaminodiphenyl-
0 sulphide (TDA)
@ S @ (thiodianiline )
o) 4,4-Diamino-
(‘:Hg diphenylsulphone
C @ 2,2-Bis (4-aminophenyl ) -
ng propane

é @- 2,2-Bis (4-aminophenyl ) -

('} hexafluoropropane

1,3-Di (3-aminophenyl) -
hexafluoropropane
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Table 3. Typical Dianhydride Precursors for
C-Type Aromatic Polyimides

@(cpz)ﬁ
JCRC
oox

Structure Name
(A) (abbreviation )
Pyromellitic dian-
]:C):[ hydride(PMDA )
CO 3,34,4"-Benzophenone
@ @ tetracarboxylic
dianhydride (BTDA)
0] Bis(3 4-dicarboxyphenyl )
@ @[ ether dianhydride
CFy (DEDA)
2,2-Bis (3 4-dicarboxy-
@/CF\© phenyl) hexafluoro-
propane dianhydride
(HFDA)
1,3-Bis(3 4-carboxypheny!)
hexafluoroprooane
dianhydride (DBDA)
3,3'4,4"Biphenyltetra-
carboxylic dianhydride
and 22’3 3%isomer
2,3,6,7-Naphthalenetetra-
carboxylic dianhydride
and 1,25 6-isomer
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Fig. 2. Infrared spectrum of polyimide film(poly-
amic acid from 4,4'-diaminodiphenyl ether
and pyromellitic dianhydride), 0.1 mil thick,
dried 2 hr at 80%C.
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Fig. 3. Infrared spectrum of 0.1 mil polyimide film
(poly[ N,N-(p,p’-oxydiphenylene) pyromelliti-
mide]). The film was heated to 300TC over
a period of 45 min, then held at 300TC for
¥ hr,
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Table 4. Commercially Available C-Type Thermoset Resins

Name Manufa}cturer .
/supplier . Form Chemistry
Kapton®® DuPont Film PMDA/DAPE
Vespel DuPont Sintered parts PMDA/DAPE
Pyralin®® DuPont Soiution, glass fabric/roving PMDA/DAPE
Pyre-ML prepregs, coatings
Skybond 700*°  Monsanto Solution BTDA (diacid/diester ) /MPD
Series
FM-34° Cyanamid Primer solution ; BTDA (diacid/diester ) /MPD
adhesive (glass cloth carrier)

Meldin PI*¢ Dixon Moldings and parts BTDA (diacid/diester MPD
Qx-13%4 ICI Glass-, carbon-, and asbestos- PMDA-BTDA /diacetylated DADM

reinforced prepergs

Nolimid A380°¢ Rhone-Poulenc

Primer solution ; adliesive

A-B Benzhydrol monomer (V)

(glass cloth carrier)

* More than one grade supplied,
® Available as the polyimide.

¢ Available as PAA, substituted PAA or monomeric reactants,

4 No longer marketed.

#2lH A2 A3E 1987 69
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Table 6. Commercially Available C-Type Thermoplastics

48 $H/A8 1oAY Eelol

A

Manufacturer Avaiable .
Name /supplier form Chemistry
NR-150*° Dupont Fiberite, Solution . glass- HFDE /aromatic diamines
Hexcel and carbon tape prepreg
PI-2080*° Upjohn Co. Solution : molding resin BTDA /mixed di-isocyanates
Torlon™® Amoco Molding resins, glass, carbon, TMA (or derivative)/
LNP Corp. PTFE reinforced aromatic diamine
AI™ Amoco Solution TMA (or derivative)/
aromatic diamine
Kerimid 500*°  Rhone-Poulenc  Solution ; adhesive, varnish, TMA (or derivative)/
aromatic diamine
Kermel® Rhone-Poulenc Fiber TMA (or derivative)/
aromatic diamine
Rhodeftal™* Rhone-Poulenc Solution : varnish TMA (or derivative)/
. aromatic diamine
Terebec® Dr. Beck Co. Solution TMA /MDA /hydroxy-
terminated polyester
Isomid® Schenectady Solution

?® Several grades available,
® Polyimide.

¢ Poly(amide-imide).

¢ Poly (ester-imide).
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Table 7. Commercially Available A-Type Thermosets
Manufacturer Avaiable .
Name /supplier form Chemistry
Kinel 500° Rhone-Poulenc Molding resins Polybismaleimides (PABMs)
(Rhodia)
Kerimid® Rhone-Poulenc  Filament winding and Polybismaleimides (PABMs)
(Rhodia) laminating resins
F-178 Hezxcel Corp. Filament winding and Polybismaleimides (PABMs)
laminating resins
P13Ngg Ciba-Geigy Co. Resin solution BTDA/NA/DADM
P105A (40% solids in DMF)
Molding powder
PMR-15 NASA-LEWIS Solution : glass, carbon, and BTDE/NE/DADM
Fiberite Corp_b quartz fiber and fabric
Ferro reinforced prepreg
Composites’
Hexcel®
LARC-160 NASA-LEWIS  Solution : Carbon BTDE/NE/Jeffamine AP22
US Polymeric fabric reinforced prepreg
Fiberite Corp.*
Hexcel’
HR-600 Gulf Oil Molding resin : Acetylene terminated

Chemicals Co.

glass and carbon fiber
reinforced

imide oligomer

® Various grades available,

> HMF-1133/66A carbon fiber reinforced prepreg.
¢ CPI-2237/7781 fiber reinforced prepreg.

4 GRX-574 carbon fiber prepreg.

EZ2|H A11@ A3E 1987 64

¢ HY-E 1678E carbon fiber prepreg.

f GRX-576 carbon fiber prepreg.
£ No longer commercially available.
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Table 8. Time Required for Elongation at Break of

Table 9. Comparison of Unreinforced Polyimide

Kapton H Film to Fall from 70% to 1% Properties
idizi Thermoplastic
Temperature Inert Oxidizing Pronert Tempera- Conden o
(t) atmosphere atmosphere perty ture(C) sation Type ype
250 . 8 years (NR150)  (2080)
275 _ 1 year Tensile 25 76—100 110 118
300 - 3 months strength 260 - - 3
350 1 year 6 days (MPa) 288 - - 3
375 2 months 2 days 300 34 - -
400 2 weeks 12 hours 316 = 31 -
495 35 days 5 hours Tensile 2 310335 4.00—4.66 130
450 22 hours 2 hours modulus 260 - - -
(GPa) 288 ~ ~ 067
00 190207 — -
WEZ Zoln=<¢ Du Ponte] Kapton H 316 _ 104 -
filme] A AIAES el Table 82 Byl 1 Compressive 25 253310 — 206
dotg S AR 5 dow E o] BES ofF  strength 300 128133 - -
£ W78 A4E 73 ok C(MPa)
_ C s s - i 25 393 — 204
A5 po =E 3 w718 Zglojure ompressive ! ]
%oo}]us I B71y Fglolnxg modulus %0 190 _ -
o8t AL 7z} Table 99 100 FAed 7] (GPa)
A & F Qo] BErEe vwE $2 AHy Flexural 2 107128 117 119
- s 215 = h 200 - - 124
97 A 8-S 7FX 23l o =o QEAL strengt!
]'-] L= =1 } ]1’]' ‘-G‘Jo >3 J“i‘o 9’]’ (MPa) 250 _ _ 55
PE5EE YRl opEd BEV A2 =2 988 _ _ 3
FHgs, GrtaAe e ¥ =S B 300 5872 - -
A5S 7AYot 37 Flexural 25 303317 380417 332
e : modulus 200 242 200
(GPa) 250 193 1.59
g & 288 166 111
300 179189 - —
Zajolu|esb 27lo)s weoA S@Eol A Impact strength 0.38—0.76 043 0.38
- - e = (d/em) Izod
g 5 e 2ol dag 3TN A notched
dele] F2 ol gE Yot A4y, wergy,  Elonsatin B 58 6 10
. t break (% 300 3 316
Warshy, ofet 43 Sol ol o 1 gm U Y e
7F A}, vhek 31711 Zo] FEA o]t Heat distortion 357 — 270—280
o =2 temperature()
Gg7)e] Aol Aoluel w¥ me goaop  Water pickup 0 = 06
3 ol WEHHE AsHE EH Fejojn 0 I B
=2 Du Pont®} Kaptone] glorn Zojr|:=
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Table 10. Comparison of Unreinforced Polyimide

Properties
Tempera- Addition
Property ture(C)  Norborn-  Bismale- Acetyl-
ene/PMR  imide enic
Tensile 25 4883 48—59 83
strength 260 39 — -
(MPa)
Tensile 25 380 — 393
modulus 260 2.39 - —
(GPa)
Compressive 25 255 197 173
strength
(MPa)
Compressive 25 289 — —
modulus
(GPa)
Flexural 25 76 128 131
strength 200 — 83 —
(MPa) 250 48 57 —
260 4155 — —
288 341 — —
316 — — 29
Flexural 25 317338 3.80 449
modulus 200 - 3.17 —
(GPa) 250 217 276 —
260 207228 — -
288 193207 - —
Elongation 2 14-25 <1 2
at break(%) 260 18 — —
Heat >300 — 195—210
distortion
temperature
(t)
Water pickup 04 — (1000 hours ]
(% in 24 hours) <1
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Fig. 9. Comparison of service life of wire-coating
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