MM‘%[‘ngWMM“
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M B

AAYelY Eej2goldt ZEdgd T HE
7kd A v Z1AA, dF, shetA §4o
-8t 7189 34 ARE A Ogd 25
o FEAY 35 AANZ AHEE 5 Qe E8paE
248 AR} o dAU Fekage g
A 2 54 o2t HE AAYY FehaE g 545
AR FgirEoezr A EFE & Ao
(Table 1), Hg JdAVoIg ZapAgold °]U] &
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S Loy, ol5& VIAA, sietE, A7), 94
AT 714 Fol AZEA z3tH ] o] AR o]
¥ E2t2E £a9 RES 2Rt AANAA A
A oln) FR 7 ST Eol G3lar glo}. old
Hlal B4 AxUoly FaaHe WE AxUdly
ZetE o Ak A vjste] o= 5% F2
of obF 943 Ao} BejaEe AFS ©
A FESO Y= AEL T2 Fozde Fy)
24 JAL 2A RN A% g LET}
Fehe e dAUAy Sabxge) A
F3 Qo 9 vds 2 st
E47 elastomer (FE)9} Zgjoln =
TPEE I5=2 3 g7}4A elastomere] A|&o] 3
AEo] 7k gl ol2id 54 dxYoly EHekx

=
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=
rgi_‘, i

Yol 27, A% 8AL AL A=E AR Table
29h Rtk e} oS E T AME Aol S5
W, 94 7HEAo] v, B8 e F3 7
A @ up (88 AAUIY Fehay 7hze) 2~
10 5), @A) AAH Fot FF G BE FRo|
Hlgalm glou} (Table 3), 4hle) swsh 9 4
8 A w2} o oid 20% olel o F7)
gol agsm gluk,

+ dx|Lojel BatAslo] oy
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Felel 914 o] YR T B AV} wER
BAYN Gk AT LY5, AYH, oA B

R U ) ew A B 2nR 7]
59 g} 5ol FAZ Azl e 82 477
aEtleh. mebA AAoly EelsEe) A
R ERA B AFs A, H7), AR A%
A¥2 5 A9 BE Folol 4
3 Qe 2e SehaE AR

1973 A& 3slgst (B.S)
1978 Agd s (M.S)
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it

S ed 7Y, DEAEEATA (Nakjoong Kim, Polymer Chem. Lab., Korea Institute of Science and
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Table 1. Classification of Engineering Plastics

Table 2. R&D History of Specialty Engineering
Plastics

FAH o &5
5t H& Axojy] FelxE FAY A7 ARsA A AEY
£ ¢ o}n| = (Polyamides) PA PSF == UCC 1965  Udel
Nylon 6 PES 4% ICI 1973 Victrex
Nylon 6/6 PAS w3 UCC 1973 Radel
£g)o] 282 (Polyesters) o 5= gh“i;ps iggj II?’“’“
Polyethylene terephthalate PET PAI U}j Au ont 1971 Taplton
terephthalat PBT moco orlon
Polybutylene terephthalate PEI m% GE 1982 Ultem
Z g] o} Al & (Polyacetal) POM PEEK 9= ICI 1978 Victrex
. PAR AQE  Unitica 1971 U-Polymer
z
& 27k ] o] £ (Polycarbonates) PC LCP ™= Carborundum 1972 Ekkcel
#H A PPO(Modified polyphenylene m-PPO FE m= Du Pont 3M 1957 Viton
oxide Kel-F
B4 ooy ZgAE TPE % Atochem SA 1980 Pebax
E] pa) _SE_ ]
£ 2] Z(Polysulfone) PSF . o .
£ 2] o] B| 2 4 Z (Polyethersulfone) PES Table 3. World Consumption of Engineering Plastics
+ 2] o} ¥ 4 Z(Polyarylsulfone) PAS (1986, 1000t)
£ 2] 7 'd 9 A 5}o] = (Polyphenylene PPS HE MR dE B
sulfide) g dAY g Ee2E
Zeglon = A Z3g)ojnjz 202 268 115 585
% ] o] v] = (Polyimide) PI Zg)7lnolE 163 103 58 324
£ 2] o}u] = o] o] = (Polyamideimide) PAI Zalof| ~H 2 52 35 49 136
Z ] o)) gl 2 o] 1] = (Polyetherimide) PEI Za)ofA e 53 85 90 298
Za)o] e 2 o8] 2 7 E (Polyetherether  PEEK 4 PPO 4T 65 213
wgEpadags  oone e Qg gaey
Z 2] o} 2 ¢ o] E (Polyarylate) PAR " : ’ ’
A4y pEA(Liquid crystalline LCP PPS 45 0.9 3 8.4
o = PEI 0.57 0.25 0.18 1,0
polymer)
PEEK 0.05 0.11 0.05 0,2
8 47 Elastomer(Fluoroelastomer) FE PAR* 0.3 0.6 0.9
& 7} 4 4 Elastomer (Thermoplastic TPE LCP 2,35 0.01 0.13 2.5
elastomer) FE 2.7 2.1 0.75 5.5
TPE(Zglo}u)|=TPE) 0.45 1.55 2.0

F3F AT 7S WEde] a7 He Fopdle
Al ek o] 511 gk, makx] WaA o] dtd
EotaY AR LS 54 2 Ay A5E
Ast7] A3 BFH oz AR ool F FAoly &
3 A7), AR 7#EF 4 T A g
ot 1 ae FASA Zvleta =
ol A71, Az 717¥ME A7) AR Agrt 238
T 247 Hol glow, M4 AR, A4 A=

ngxtntetn 7|2 A1d 33 1990 59

*1984d E 7
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Table 4. Thermal Properties and Prices of Fiber-
reinforced Specialty Engineering Plastics (from data-
base distributed by ICI and LNP)

Ay Hud&
5 oo e HACD
) ) ($/ke)
PES 30% glass fiber 213 180 13.5
30% carbon fiber 229 180 28.5

37

ojf

PSF 30% glass fiber 182 160 9.1
30% carbon fiber 188 160 25,5

PPS 30% glass fiber 266 220 9.9
309% carbon fiber 266 220 25.8

PEEK 30% glass fiber 288 220 45,5
30% carben fiber 316 220 75.0

PEI 30% glass fiber 207 170 10.8
30% carbon fiber 216 170 26.3

ir

o

o

o4
™

S0l BY, A4 ddd 78 7 3
71 Concord«l 3%, vd F FA
e = ok 110Td &3l o, WY B
7} 849 38 A7t HW BA &% 300C
7} Aot gk 284 Hg7)d 2ol AR
1 24S 110C o)A wiEvie] F9E
30,0004 7F oS S A & Y AEE e s
of g}, B4 WAA AAYH ZeiHe
A2 Al 2x9) 714S B Table 49 o o
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~
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qE) 220+ 0 0 Polyamideimides B
[

$ 200t Fotysutfones -
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g 160 Polysulfones -
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Fig. 1. UL continuous use temperature as a function

of tensile strength (from Modern Plastics Internatio-
nal)

stortion Temperature : HDT)$} UL 2=X|47}1 &
#HAog AMLET gd. ¥ 2= 94 3T
(186 kg/cm?) & AJHol| 7t S o WF o] A AEHE
exE Jehl1, UL &% A5 10,000 A3H5<t
Ax g F Bl 50% HAHE 2= HER
th =, 9id exE 97y UEde BAERE
Hroln, UL &% AFE A7) Al dojxel
WgAe FAERE Aotk ygAde] Foe A2
o] 714 Hmrt BF 4TE L3, o]& 3
Ae Bt siaby 9 Baldo g g bgsteiol
ok, wEbd WA e AR A ¥4 729 0
< AR FAE 7ML Yok
S|y dotyd

TnEA e BEd gege dud
& 9loH, oA 31—5-—1}94 frEldol % (T
3

Z (Tm)oll 9t 2

g
g
SRS 7ntg_o_,e_f 8¢ awsle 2
A} 44 A=zHE At o) Basich &4
deng ARtk Ae $Ate $3 A
A% guiaid, olel BRoRE DA Ak
of 4718 EQeALt, DAY Aole) 43 4L
olgato] EAztel AYHS ANEE A= WY
o] gtk 84 AEZIE AP AL Bl
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z7) siEiAe BAE rAske dAR 2% oY
A7b & Agwro g s olok gk oAl

A7}t & CF 232 2te B4 w494 610 4
F& e ta FA] WAl FL2HA T & 5
itk gy A% A7t Ad2tE Ashy rear-
rangement ¥k Fol ol3te] w2 oA x4 &

oA 88ty whgo] dojuhe Hg-ole el E
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Fig. 2. Molecular structure of repeating unit of
specialty engineering plastics

o-m-o o-m—O

0'0

AF AAHE AT At nEae) FYe
A% AE QA Aol A8ED S 55 A
[)3

EE T ol gel
g 728 A slos,

27719 R wet 55¥ S4E g

Ezld gl dito] = (PPS)

PPS= 1967'dell Aol sidse] 1973dd]
Phillips Petroleum A}ol] 9)&ted AE 3l o]y =3
Aoz gl erir), 198539 7|1E E37} vt
BEd & FZ JEAA dolo 7I¥FHT U
(Table 5).

PPSE meitjE= 29 NaSel &%
9)3te] gHEolxIt),

nCl<O)-Cl + Nay$ ~RaCl -E@s}—
n

el

PPS2e] E8 gojt A, A, h‘]““
A 52 B4 g 2=+ 260TCoIy ¢
A 22w AFY FA 2 EH u) 200~240
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Tz PEEKd tgg7te o F £& WEAE BYE
t}. ZA3Er} ol F F3 §Ho] 280CE FUh =
& PPSt iekEAol ofF $-dta] 200C ofstel
e PPS #2118 &84 F de #71 A7 oF
AR A ggon, Ba FAC HFEvke
WeFEAS 7HAA glch tl$7] PPSe Apile] b
AL 7HA I Qlo] YAAE H7beHA] gotk UL-
94 V02| Hi19] daAA & Yehiug G o
na, 7has wAl, A Fee] Ask 5o EA7F 8l
o} WA} RF o2 A3 Attt PPSe

M§ 90 37 2A% AHLEAA Ag5 T o,

Table 5. Manufacturers of PPS Base Resin

3 At 2718 FQs ANeY AEH
Phillips u) = 1971 7500t Ryton
Toso-Susteel LE 1986 3000t Susteel
Zdo}l 318 JE 1987 3000t F# o} PPS
Exy B 1987 3600t Ez
=d - g9gs dE 1987 7500t Ed gy

o5 FH R

Rt R RIS,

= FgEE A7

frel A%t 59E T

o, frel % 7SR 2
LR E T2 AP
o] FEHeR M 38

Pl wet we R 57
(Table 6). AH& 4% -8 PPS 3k
LA BER P BBl
2 WRE, A4 2EA AHLE
28 e 2E-ned 5

—_

3T
-‘5-0

}o}. w3 PPSe) iLeo]A
st 49 Avg HE

Table 6. PPS Compounding Company

3jAg 3E Base Resin T3¢

Toso. susteel Susteel Toso. susteel
A B Ink TjolE Phillips
o}A} 3] Glass o}x}&] PPS  Phillips
Ao % Polymer Alofzx PPS  Phillips

F5 bakelile 2wl FM  Phillips

=8 L= P =d - B~
Polyplastics RASRS T#lo}t3t et
o 7} H 7} PPS Ezd
252 $-5 PPS Exd
Phillips Celanese Fortron

Table 7. Typical Properties of Glass Reinforced PPS

ASTM

Glass-Reinforced

Test Properties R3 R4 R5 R7
Physical
D792 Specific gravity 1.57 1.67 1.72 1.9
D570 Water absorption, 24h, 1/8-in. thk(%) 0.05 0.05 0.05 0.03
Mechanical
D638 Tensile strength(psi) 16,000 17,500 19,000 14,000
D638 Elongation at break(%) 1.0 0.9 0.8 0.7
D790 Flexural strength(psi) 19,500 26,000 28,000 23,000
D790 Flexural modulus(10° psi) 14 17 21 24
D256 Impact strength, Izod
(ft-1b/in. of notch) 1.0 1.3 1.3 1.0
D785 Hardness, Rockwell M 120 123 123 121
Thermal
D696 Coef. of thermal expansion (10° in./in.-F) 1.7 1.6 1.5 1.1
D648 Deflection temperature(F) At 264 psi 500 500 500 500
D2863 Oxygen Index rating 46 47 48 53
Electrical
D149 Dielectric strength(V/mil) 450 450 450 450
D150 Dielectric constant, At 60Hz/1IMHZ 3.9/3.8 3.9/3.8 4.0/3.9 5.1/4.6
D257 Volume resistivity, (ohm-cm) 1X10%  1X10"%  1X10*%  5X10%
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Table 8. Market of PPS in Japan

Holp  FA(%) & % q
A7), Az 40 29EE, IdEH

PR 30 w717} 2 W Distributor
) 20 BAY R I RE
AR 10 3oj=gle]d]

A E D, w7 ks R ZAE e digh AL
2 Aga 3 U9 ZhE REF AHEETh olFA
PPS A& o1& dxoldy ZekiEdl vste] &
o AHe ztm glon, 7HAx HlaA s
(7~10 $ /Kg) @A S Aol F2p2d Fol
A 7V For gor od 20% o] & AR
Fo|] A&E 1 glo] 5t HE AXY o]y FekiEedl
ojo] 6 A9 W& AAoF Sty AYE
Hab 27t vk Y9 A §x9 7S A
3 ¥ connector, AAH A B&E, VIR & 5
A7) - Az BFo 40% 2 7HE gol AMSEHIL glo
o, 8)7] 7}A <38 W8, alternator %% 5 A5
A HEol 30% 8% AHEET

ECMEA 2EX

AEZA  AAYF  Eeprgole FHE
(PSF), Zeldel2d= (PES), ZejolddE
(PAS) o] 4ga= o Qith ol HEA FA=
k= groupe] AXd (-S0-) EE dHEZE
(=0-) A 23l dds] Jor Hxdy|
o] AARE FolF7le ol 3l sstxoz wj o
Y B3 oA WrirESAE vehiie
=9 0434 Aotk 1y WAl 1eErt HE
ag0 M M2 dF5] e aEA= E7t

4% dehh7llE VR rigdshez o= 2%
e FAT AFNE AN mdA Yhae B
of g,

Polysuifone (PSF) : PSF+= vlXdlE Aol g3
AZA dEEAe dZzzudadAdE d,4-DC-
DPS) o] ZZ el o3t I =T vl2dE Ae F
L AxdA el UCCe] 2lsted 196530 UDELo] g
AEHoz NI

nExinista 7)1& A 1d 3% 1990 5€

pisphenol A + NaOH —= NaO-@—C—@ONu

CH,

nNao{O)-¢ —@-ONo en cu-@—é-@cx

CHy
S Ca ROARs s
o n

PSFe] EA m2dxe] WetEA, Wrtsis]
Hog B3 FAZ AA 1 EAo] & FAHE
= B A4 A2 & Eoke A7 ] X‘]Z} ot
(connector %), 918 717) Eok (<l 7D, 7t
A A7)EF (AF volA, MR HIA —‘?‘%), Z}
Z3} Bo (LEFR) 5 FHY .

Polyethersulfone (PES) : PES& 19730 4=
o] ICI Aboll A Victrex 3 FEH 2 /NEg £ ¥
AR A= 4,4-DCDPSe KOH] wHg-o <3}
o g€

OH

n cn@-g-@-cl . ;nKkoH —2% o
d
- KCl 9
@ {0 2 {OEQ o],

7Hze PSFuTh Hl4 v, Wage 98 ¢
sho} WoksRa el £1 531 Qo] Forf 3

S8 WAL ofF Hojud, F &2

Table 9. Industrial Status of Polysulfones

ERE I = I
UCC = Udel PSF
Radel PAS
Mindel PSF/ABS alloy

Ucardel  PSF/SAN alloy
ICI qd=2 Victrex PES
3M o] = Astel PAS
BASF o] = Ultrason PES
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312 Table 99
able lOOI]H B 31Y

U"

Qo] He MEA 432 F PSFse} PESTlo] A
FgEden 78 FAE FYsq FuEEAA
Hostn ok, AEA nEAE e e o
Eo] 7|9dAZ Table 11 AEjstgdon 2 3}
& Table 12} Zth,

Table 10. Typical Properties of Polysulfones

Zz|0|0|=A =X}

oju|=A ARAE ouErE dA7IR Za ¢
= X0} ZepxE o2 Du Pontol A 19601 T)
29 film8< Kapton# A& EQ] VespelS A)&3h
22 3tzglth. 22t Du ponté P
Hdo] vhm B24e] 7k A A EHE 7HS
71715 o] 4T = g1} olF 4ol MFH PAIZ}
Amoco Al A JiElglon), T General Elect-
ricAk7} 10o41dzke) A 7 Eof) Ultemo| % &
o] PES7} Al#E At

-

1= A

A& Al

3 Rhone-Poulenc-&

ASTM Property PSF PAS PES
Physical
D792 Specific gravity 1.24 1,37 1.37
D570  Water absorption, 24h, 1/8-in. thk(%) 0.3 0.40 0.43
Mechanical
D638  Tensile strength(psi) 10, 200 12,000 12, 200
D638  Elongation at break(%) 50,100 40 40,80
D638  Tensile modulus(1(° psi) 3.6 3.9 3.9
D790 Flexural strength(psi) 15,400 16,100 18,650
D790  Flexural modulus(10° psi) 3.9 4.0 3.8
D256  Impact strength, Izod (ft-Ib/in. of notch) 1.3 1.6 1.6
D785  Hardness, Rockwell M 69 85 88
Thermal
C177 Thermal conductivity (10cal-cm/s-cm C) 6.2 - 32.44
D696  Coef. of thermal expansion (10° in./in. -F) 3.1 2.7 3.1
D648  Deflection temperature(F) At 264 psi 345 400 398
D2863 Oxygen Index rating 30 33 34.38
Electrical
D149  Dielectric strength(V/mil) short time.(1/8-in. thk) 425 383 400
D150  Dielectric constant, at 60Hz to IMHZ 3.07~3.03 3.51~-3.54 3.5
D257  Volume resistivity, (ohm-cm) 5X 10" 7.7X10% 10Y7

Table 11. Polysulfones Market Participants in Japan

3 A+ AEY AAsl Y $F
ICI Japan Victrex 1975 PES
Mitsui Toatsu Chemical Victrex 1981 PES
Nissan Chemical Udel 1978 PSF
Sumitomo Chemical Victrex 1976 PES

Table 12. Market of Polysulfones in Japan ('81)

(unit : ton)
= OF PSF PES
A7), AR 108 38
R —r%%° THE 144 12
4d NA 30 15
olg7)7) 12 1
7] 6 4
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Polybismaleinimide (PBMD & 7} ur3le] Kinelo| &
AEGo 2 Al@3}IL Qlrh.

Polyimide (P) : Ploje @7t A9 €723
A &A7} Qo Ay R daddol A w7
Aolg Zajxgoltt. Plo) FAoE F3HH

By} 23¥o] Yok 19708t Zu7kx|e] A9
nE 23 FHL EPHoIOU ol F 47 o
Ae-S AR st vt SRl HEHU
zzgwe 144 A9 AT FFH A%
este] 29AE AXA drh

—E 2

0 0
NN HQ QH
o R o « A HN-R-NHy = 4=N-C R/C'N-""
T o g |
0 0
aromatic aromatic polyamide-acid

dianhydride diamine (polyamic acid)

_— N’& R:t\N-R'}—
post polym. ¢ n
6 ©
oluj 7 o0l diamine?} dianhydrides] %

2 Table 149] TAISGoH & Al BEL 31: =
Zgo) <3 PIS] 74 Table 159 sttt
Byl 2 imided 9FAE AP FTE
whd o 2 gk 2% F2 bismaleimider}t Bo] 2

ola Ut

ety N <O)-cH<{O)-N

HC-C”
0 o h
maleic diaminophenylmethane
anhydride (MDA)
-H
.l |: ~@caz@~ L

PI 4323 laminated] 94 A1 &5+ 250CR
yag dxels Zet2d F 7P Fow DAzt

DExinietn 7le 213 335 19909 59

Table 13. Typical Diamine Precursors to C. Type
Aromatic Polyimides

Structure
Vil Name(abbreviation)

®)

€

CH,—

m-or p-Phenylene diamine
(MPD or PPD)

1,5-Diaminonaphthalene

CHy m-or p-Xylylenediamine

OO
e
OO
01O
@EZ@
ke

4,4'-Diaminodiphenyl ether
(DAPE)

4,4'-Diaminodipheny! methane
(DADM)

4,4’-Diaminodiphenylsulphide
(TDA) (thiodianiline)

4,4'-Diaminodiphenylsul-
phone

2,2'-Bis(4-aminopyenyl)
propane

2,2-Bis(4-aminophenyl)hexa-
fluoropropane

1,3-Di(3-aminophenyl)hexa-
fluoropropane

ko= —270Col A S0CHE AXE 7Y,
E3 WopRAol $45ke nia Agrh o 2a
1L thd Ao E A1F EAdo] Hojuprh,
Polyamide-Imide(PAl) : PAI= 197139 Amoco
Aol A A AbE AE S PIA dAYE Eets
€] (Torlon) &2 A HE =A<l &4 ¥
anhydride (TMA) =+
FEAZh

Ol

H 2. trimellitic
1 F %4 E aromatic dia-

mined} &
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|
Ci-C é '
i ‘©:C>O +H,N—R —NH,
© I
0
4 — (chioro aromatic
diamine

anhydride formyl)phthalic

0O
Il

H
—HCI N—C

C—OH

2\ %
—N-R
[:Ig n

polyamide acid (polyamide)

PAL= Plol ¥]3) W Ho] okt Woj At vhwl
Y4e Y53 Holuw YaAYHL Arhad 4

2 ox

Table 14. Typical Dianhydride Precursors to C-Type
Ammatic Polyimides

St\r&l&u)re Name(abbreviation)
@: Pyromellitic dianhydride
(PMDA)

Cco

yohe:

oor
o Ler
orer

3,3'4,4"-Benzophenone
tetracarboxylic dianhy-
dride (BTDA)

Bis(3,4-dicarboxyphenyl) ether
dianhydride (DEDA)

2,2-Bis(3,4-dicarboxyphenyl)
hexafluoropropane dianhy-
dride (HFDA)

1,3-Bis(3,4-carboxyphenyl
hexafluoropropane
dianhydride (DBDA)

3,3'-4,4’-Biphenyltetracar-
boxylic dianhydride and
2,2'.3,3'-isomer

% 7% £oh =3 £ dgtd w9 et A
2A] Q717 A9 WA ] ggom Wik Aol of 2,3,6,7-Naphthalenetetracar-
Z ©2=3la] 1000 Mrad9] WA= & Adr), boxylic dianhydride and
1,2,5,6-isomer
Table 15. Commercially Available C-Type Thermoplastics
Name Manu.facturer/ Available Chemistry
Supplier Form
NR-150 Dupont Fiberite Solution ; glass-and HFDE/aromatic diamines
Hexcel carbon tape prepreg
PI-2080 Uphohn Co. Solution ; molding resin ~ BTDA/mixed di-isocyanates
Torlon Amoco LNP Corp. Molding resins, glass, TMAC(or derivative)/aromatic diamine
carbon, PTFE reinforced
Al Amoco Solution TMAC(or derivative)/aromatic diamine
Derimid 500 Rhone-Poulenc Solution ; adhesive TMA(or derivative)/aromatic
varnish 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/hydroxyterminated polyester
Isomid Schenectady Solution
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Table 16. Typical Properties of Polyimides

Kinel Kinel Vespel
ASTM Properties Glass Graphite Graghite
Test Fiber Powder Powder
Physical
D792 Specific gravity 1.9 1.45 1.51
D570 Water absorption,
24h, 1/8-in. thk(%) 0.2 0.6 0.2
Mechanical
D638 Tensile strength(psi)
At 70 F 27,000 5,700 9,500
At 480 F 23,000 3, 600 5, 500
D638 Elongation at break(%) <1 <1 <4.5
D790 Flexural strength(psi)
At 70 F 50,000 12,800 16,000
At 480 F 36, 000 9,200 9, 000
D790 Flexural modulus(10° psi)
At 70 F 32.5 9 5.5
At 480 F 24,2 7.5 3.7
D256 Impact strength, Izod
{ft-Ib/in. of notch) 17 0.25 0.8
D785 Hardness, Rockwell M 120 110 88
Thermal
D696 Coef. of thermal expansion
(10% in./in. —C) 1.4 3.4 4.7
D648 Deflection temperature(F)
At 264 psi 660 550 680
Electrical
D149 Dielectric strength(V/mil)
Short time, 1/8-in. thk 500 - 250
D150 Dielectric constant,
At 1 KHz 4.70 - 13.3
D257 Volume resistivity, (ohm-cm)
At 73F, 50% RH 5X10% - 104
Table 17. Typical Properties of Poly(amide-imide)
ASTM General C-F G-F
Test Property Purpose Reinforced Reinforced
Physical
D792 Specific gravity 1.42 1.48 1.61
D570 Water absorption,
24h, 1/8-in. thk(%) 0.33 0.21 0.24
Mechanical
D1708 Tensile strength(psi)
At 73 F 27,800 29,400 29,700

DEAnEn Jjs A 138 33 19903 59
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At 275 F 16, 900 22,800 23,100

At 450 F 9, 500 15, 700 16, 300
D1708 Elongation(%)
At 73 F 15 6 7
At 275 F 21 14 15
At 450 F 22 1 12
D790 Flexural modulus(10° psi)
At 73F 7.3 28.8 17,0
At 275 F 5.6 27.2 15.5
At 450 F 5.2 22.8 14.3
D790 Flexural strength(psi)
At 73 F 34, 900 50, 700 48,300
At 275 F 24,800 37,600 35,900
At 450 F 17,100 25, 200 26, 200
D256 Impact strength, Izod
(ft-b/in. of notch) 2.7 1.0 1.5
Thermal
D696 Coef. of thermal expansion
(10°% in./in. -F) 1.7 0.5 0.9
D648 Deflection temperature(F)
At 264 psi 532 540 539
D2863 Oxygen index % 45 52 51
Electrical
D149 Dielectric strength(V/mil)
Short time, (1/8-in. thk) 580 - 840
D150 Dielectric constant,
. At 1 KHz to 1 MHz 4,2~3.9 - 4.4~6.5
D257 Volume resistivity,
(ohm-cm) 8% 10% - 6Xx10%
Polyether-Imide (PEI) : PEI& w238 WdA °1N*@8~0 Hz"~©’"“z
dAole Zgjxgloz 1982130 General Elect- g’
ricAbol 913t FhrsEiick (Ultem). Ultemo 313}
2z9} 28 WAUEL ol BELA BT AT !
bisphenol A, phthalic anhydride, m-phenylene-
.p_ \p a Y- ) pheny ozN~@: N Ng:@’uoz
diamines] HFH wgo) o] AT Lol ©
2},
H
PEIx= & A}f 2571 170To) 3 dHd &5 NaO P ‘
200Cel WPRol S5 MARA AP Fet

£Ho M E S BAEE KA

gog n2MNE ¥ FEE FAUG g @_ A ln

Polyetheretherketone (PEEK) N~ :@ (':H; @: N
PEEK: 1980do] =9] PLC-ICIAtel £}3}q

Mg ARA 8= polyethero|t}, o]AE Vict-
rexd AEWo g 7|8 $2), 20% 9} 30% 9] FEA & 73 adols, 30% v©4a Af 43 1gel=
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Table 18. Typical Properties of Polyetherimides

ASTM Properties Unmodified Reinforced Tensile
Test Resin 10% 30%

Physical
D792 Specific gravity 1,27 1.34 1.51
D570 Water absorption,

24h, 1/8-in. thk(%) 0.2 0.6 0.2

At 24 h, 73 F 0.25 0.28 0.18
At equilibrium, 73 F 1.25 1.0 0.9

Mechanical
D638 Tensile strength(psi) 15, 200 16, 600 24, 500
D638 Elongation, ultimate(%) 60 6 3.5
D790 Flexural strength(psi) 21,000 28, 000 33, 000
D790 Flexural modulus(10° psi) 4.8 6.5 12,0
D256 Impact strength, Izod

(ft-1b/in. of notch) 1.0 1.1 2.0
D785 Hardness, Rockwell M 109 114 125

Thermal
D696 Coef. of thermal expansion

(10°® in/in. -F) 3.1 1.8 1.1
D248 Deflection temperature(F)

At 264 psi 392 405 410

At 66 psi 410 410 414

Electrical
D149 Dielectric strength(V/mil)

1/16 in 830 - 770
D150 Dielectric constant,

At 1 KHz, 50% RH 3.15 3.5 3.7
D257 Volume resistivity,

(ohm-cm) 6. 7X10Y 1.0x 107 3.0Xx10%

ol 53 AL glon 549 717 7179 9
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N
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A7) e 22ES By fREL 27} HEsd acid, isophthalic acid$} bisphenol A =& ©]Z <]
A3 PEE FHEgatnte] Zjo|2Elolth, oA fEA %S FEFE g FAEH A T,
1972\d0) Y®-©) Unitika Atel] A} U-polymere} 4% £4 58, 89 FFo) 2F sHesht @A 248t
o e AB3tg.om UCCr} Ardel o} 3EH O Ho] e FHL AW FHA A 2

2 19789 9 B g A FtA e e 19799

o= BayerA}l’} ApeZ, HookerAlolA= Durels n mo-@-g};@- ONe = n CI-C-@_C-CI

7193 gk, 1% 19861 A= CelaneseA}7} Du-

rel2 714 5913}1 Du Pontol| A Arylono] @i = C"E‘@'g{’ e .

Ho] &8 w3 ¢ltt. U-polymeri terephthalic

Table 19. Typical Properties of Polyetheretherketone

ASTM or Properties . Glass Reinforced 30% Carbon
UL Test Unreinforced 20% 30% Reinforced

Physical
D792 Specific Gravity 1.32 1.43 1.49 1.44
D792 Specific Volume(in®/lb) 21.0 19.3 18.6 -
D570 Water Absorption, 24h 0.5 - 0.11 0.06

1/8-in. thk(%)

Mechanical
D638 Tensile Strength(psi) 13,300 17,800 22,800 30,200
D638 Elongation(%) 50 2.5 2.2 1.3
D638 Tensile Modulus(10° psi)

At 302°F 1.6 - - -
At 356°F 0.58 - - -

D790 Flexural Strength(psi) 24,700 27,800 33, 800 46,100
D790 Flexural Modulus(10® psi) 5.3 9.7 15 18.9
D256 Impact Strength, Izod

(ft-1b/in.. of notch) 1.6 1.6 1.8 1.6

Thermal
C177 Thermal Conductivity

(10* cal-cm/sec-cm*C) 6.0 - 10.4 22.1
D696 Coef. of Thermal Expansion

(10* in./in. -C)

<150 C 4.7 2.4 2,2 1.5

>150 C 10.8 - - -
D648 Deflection Temperature (F)

At 264 psi 320 545 600 600
UL 94 Flammability Rating, 1/8in. V-0 V-0 V-0 V-0

Electrical
D150 Dielectric Constant

At 1 kHz 3.3 - - —
D150 Dissipation Factor

At 1 kHz 0.003 - - —
D257 Volume Resistivity(ohm. cm) 4,9X%10 - - 1.4X10°

At 73 F, 50% RH
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Table 20. Industrial Status of PAR
3| Aty =7} AE LA,

Unitika AR U-Polymer 1972
ucc L=y Ardel 1978
Solvay 3 Arylef 1979
Hooker +9 Durel 1979
Bayer S| Ape

Table 21. Market of PAR in Japan(1981)
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thermotropic Aol 2§ Jejoll ] AF L FA
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- CgHeOH
n Ho<(O)-C00CgH; &M 0 KO)coo ]—-n CeHs
- CH,COOH
n CH3C00~<O)-CO0H == Cchoo-E@cooj:H

Ekonol

244 Elastomer (FE)

Fluoroelastomer (FE)&= &4 dxvolg Zata
g 3 3437 71 ST Holgo] e 24
%9 dhtolot, 1986 @A A7k 5500E 9] AAHF
o8 55 dAYAY EFExg FojAe PPS,
PSF/PES 53} &7 71 498< Fsla oy,
AT BFET o 11% 2 D3] wo). o83 FE+
%, 1 ¥l A CF,=CH,, CF,=CFCF;, CF,
=CF, 53 Z& 244 93A9 R0 #3)
5ol 93 AzHe Aoz 19573 Du Pont
Alell 4] Vitono] @ FEH o2 AlF-S ZAsIgch

FEE Hold &A% EX4o tEojA 12 ¢t
B4, FAZR FF i WA, WY 2 5%
VAR B9& Avlste] dAf oF 50 $ /Kgolehs 3
olHQl 7HAdx BTt 1 =271 A% FUHY
7F3L Qloh oleld FE9] Fa A4t dAlet Ak A
2eES Table 249 AR on, F8 259 BE
H Anjaks Table 250 8.9k5tc).

744 Elastomer (TPE)

H7k4A elastomer (TPE) = A3 8 AToz:
73314 rubber?] 715 542 Ho|AW M2 &
A HollMe 549 I7kAA A9 Zo] &8 7}
Fo] 7Fed ER} £AE AAET) o]F 1980
o] ZuF Atochem Alo|A] 7tE ZEglojr|= TPE
(Pebax)= L 71413 BAo] B4 AAYoly Za
2oz B{gg g 943t}h, Eolu]= TPE

175



Table 22. Industrial Status of LCP

RS A FEE voo3

1971  Carborundum Ekonol p-hydroxybenzoic acid(homopolymer)
L. C. character is not considered.

1972  Carborundum Ekkcel 1-2000 Melt processable wholly aromatic polyster

1974 Eastmann Kodak X-7G Thermotropic polyester aromatic/aliphatic
copolymer

1982  Teijin, Rhone- Patent activity

Poulenc, etc. Industrial & academic interest

1982 Monsanto BPA Thermotropic polyacrylate, test marcketing

1983 ICI Celanese, LCP Test marcketing

1984  Dart-Kraft Xydar Commercialization

1985  Sumitomo Ekonol Fiber type LCP

1985  Mitsubishi Unitika

1987 dEAF3E Xydar

Novaculator Rodran

Licenced from Dart-Kraft

Table 23. Properties of Commercial Liquid Crystalline Polymers

Patent Assignee Celanese Carboundum Eastman-Kodak

Manufacturer Celanese Dartco Sumitomo Mitsubishi Unitika

Trade name Vectra Xydar Econol EPE LC

Brand A950 SRT300 | SRT500 | E2000 100 220 2,000

Density(g/cm®) 1.40 1.35 1.35 1.40 --- - 1.29

Tensile Strength 2,100 1,400 1, 280 750 1,700 1, 360 1, 100
(Kg/cm?)

Tensile Modulus 10 17 13 4 - --= ---
(X 10* Kg/cm?)

Elongation (%) 3.0 4,9 4.8 6 8.6 4,6 4,5

Flexural Strength 1, 550 1,330 1, 380 850 1,230 990 1,250
(Kg/cm?)

Flexural Modulus 9 14 13 4.7 8.3 6.1 8.5
(X 10* Kg/cm?)

Izod Impact 44 13 21 4 10 39 13

Strength(Notched)
(Kg, cm/cm)

Deflection Temp. 180 355 337 293 67 120 64
(18.6Kg/cm?) ()

Flammability V-0 V-0 V-0 V-0 (HB) (HB) V-2

UL94 (pending)

£ polytertramethylene glycol® Z-2 polyether
blockg A3 APYE Zelohu= block? ¥H3-AIA
A3 block ZE2 A=A, —40TdA 80THA
o] &% oA AT AUl fFAHE E5

@ 548 23 gon, £, A% 2 2% 3

okEo] g FHojdt A 23l gich ek AA
Yol A7 2 A B AojA o] Hojd
274 e §A4 BEAHoz 3, Eolul= TPEY
8 A|Fe wrle] Az &F Rolo| IFHo],
29, 7, Y2 §FAY F27F AFH7
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Table 24. Market of FE in USA (1986)

2 o F2(E)
Az BE 1230
873 9 240
ez 220
sheh, qFALt 150
vai=" 850
A 2700

Table 25. Manufacturers of FE (1987)

A

ERE g7 zgsam DoAN
Asahi Glass  Aflas 1975 300~400
Daikin Ind.  Daiel 500~ 1000
Du Pont Viton, 1957 4,000

Karlez 1976

Ethyl Corp.  Eypel-F 1983
Minnesota Fluorel 2,000
Min. Kerl-F
g’l(Xltedison Technoflon 19603t % 1,500

p.

Table 26. Manufacturers of Polyamide TPE (1987)

3| At BET FEIdE
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