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Development of Heat-resistant Polyimides (PIs) for Transport Parts
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SUMMARY
I. Title

Development of the advanced materials for Information + Electronics - Energy
(Sub-project : Development of Heat-resistant Polyimides(PIs) for Transport Parts)

0. Purpose
- Development and Commecialization of Polyimide(PI) resin for Heat-resistant
Articles

- Development and Commecialization of Polyimide(PI) resin for Heat-resistant
Coating

. Contents on the Research

- Development of Polyimide(PI) resin for Heat-resistant Articles and
Evaluation at Field.

- Development of Compouding Technology and Processing Technology using
Polyimide(PI) resin for Heat-resistant Articles

- Development of Mass Production Technology for Polyimide(PI) resin used as
Heat-resistant Coating

- Development of Polyimide(PI) resin used in Coating for Qilless bearing

- Development of Polyimide(PI) resin for Solid Lubricant Coating

IV. Results

- Mass production technology for PAI is established by simplifying the synthetic
process and using low cost materials to raise the competitive price. Also the
compounding technology and the processing technology in compression molding for
PAI are acquired in this research.

- Mass production technology for PAI used in heat-resistant coatings is established
in the scale of 600L. Also PAI was applied to cookware, oiless bearing and solid
lubricant coatings and evlauated at field.

V. Commercialization

PAI business will be promoted in near future based on the competitive price
acquired by simplifying the synthetic process and using low cost materials and
developing the compounding technology and the processing technology in
compression molding. It will take a few years to achieve the perfect
commeciallization for PAI because of user test and competition with the advanced

companys in this field. But the possiblity of making big business on PAI is very
positive.
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E(HD, LD, LLD), PP, PVC, PS

~ Commodity BS, SAN, PMMA, PVA
polymers VDC, PET, etc.

Thermoplastic PA (QO)
— Resins - General —PoM (O)
— Purpose PC {A)
E.P. — MPPO(A)
——GF-PET (Q)
Engineering —PBT (O)
L—Plastics -— —UHMWPE (QO)
(E.P.)

—HT-Nylon
—PSF {(A)
Super PES (A}
E.P, —PPS (O)

0 £
|

—PAR (A)
Polymers — —PAI (A)

—PEl (A)

—PEEK (O)

—PI {A+)
+——1.CP-Polyester ()
—PTFE ()

——PABM (+)

L BT-Resin (+)

2L A M

{CP Fiber
High ———Aramid Fiber
strength -Carbon Fiber
Polymers ——PVA Fiber
UHMW PE

Phenol, Urea, Melamine
‘—| Thermoset Alkyd, UPE
Resins ———Epoxy, DAP, PU

Silicone

O : Crystalline, A ¢ Amorphous, + ¢ Crosslinkable
Figure 1-1 3182 &A1 &5
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Table 1-1 "o A9 PIA FA Av|=

United States

Average Annual
Thousands of

p d Metric Tons Growth Rate,
ounas . 1999-2004
1999 2004 1999 2004 (percent)
Molding Resins/Parts 1,850 2,360 339 1,070 50
Wire Enamels 2,275 2,500 1,032 1,134 19
Films 1,525 2,010 092 912 57
Fibers 365 540 165 245 8.1
Prepregs/Composites 600 680 272 308 2.5
Coatings 350 450 159 204 50
Adhesives 60 80 27 36 6.0
Foams 200 245 91 111 4.1
Total(excluding Ultem®) 7995 8,865 3277 4,021 4.2%
Aurum® 150 250 68 113 10.7
Ultem® 20,000 30,000 9,072 13,608 84
Total(including Ultem®) 27,375 39,115 12,417 17,742 7.4%

A& : CEH Marketing Research Report (2000, SRI international)
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Table 1-2 AMfHH 2 AEINAN PIA A 4|

Molding Resins/Parts
Wire Enamels

Films
Fibers
Prepregs/Composites

Coatings”
Adhesives

Ot

her

Total{excluding Ultem®)

Molding Resins/Parts
Wire Enamels

Films
Fibers
Prepregs/Composites®

Coatings
Adhesives®

oo oW

Totallexcluding Ultem®)

SOURCE :

Western Europe

Thousands of

Pounds Metric Tons
1999 2004 1999 2004
1,689 2,809 766 1,274
3,534 3,624 1,603 1,644

611 754 277 342
585 785 265 355
648 831 294 377
196 403 89 183
101 141 46 64
7,364 9,347 3,340 4,239
Japan

Average Annual
Growth Rate,
1999-2004

(percent)

10.7
05
4.3
6
5.1

155
6.8

4.9%

Thousands of

Metric Tons

Pounds

1999 2004 1999 2004
4,758 6,564 2,160 2980
271 300 123 136
2,202 3,235 1,000 11,469
55 200 200 91

51 62 23 28
7.337 10,.361 3,331 4704

Believed to be included under Other

Included under MOLDING RESINS/PARTS.
Included under COATINGS.
CEH estimates.

Estimates are on a neat polymer basis.

_12-

Average Annual
Growth Rate,
19992004

{percent)

6.6
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(Source : Chemical Economics Handbook (CEH) - SRI international, 2000)
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Table 1-3 w|ZoA PIAl A9 S8 2HH

U.S. Consumption of Polyimides by End-Use Market-1999

(percent)

Industrial/ Commercial

Military  Mechanical

Molding Resins 25
Wire Enamels -=
Films 20
Fibers -
Prepregs/Composites 25
Coatings --
Adhesives 10
Foams 70

40

7
25
83

60

5

Aerospace

15
5
10

10

10
25

Electrical/

Electronics

90
35
2
65"
10
80

Other

Total

100%6
100%
100%
100%
100%
100%
100%
100%

a. Most of this is for BMI printed wiring board; the majority is for commercial aerospace applications

b. Most of this is for coating for decorative applications.

SOURCE :

CEH estimates.
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Table 1- 4 AFHAA PIA nEAY S5 2HF

Western European Consumption of Polyimide Resins by End-Use Market

(metric tons)

Average Annual
Growth Rate,

1999-2004

1995 1999 2000 2004 (percent)
Molding Resins/parts® 665 766 954 C 1,274 10.7
Wire Enamels 1,500 1,603 1611 1,644 05
Films 240 277 292 342 43
Fibers - 265 280 355 6.0
Prepregs/Composites 255 294 317 377 51
Adhesives 75 &9 123 183 155
Other” 40 46 52 64 6.8

Total 2,775 3,340 3,629 4,239 4.9%

a. Including Ultem®

b. Including coatings(semiconductor and other).

SOURCE : CEH estimates.
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Table 1-5 dBA PIA £A9] &5 AulF

Japanese Consumption of Polyimide Resins
(metric tons)

Mol&ing Resins Total
Thermo- Polyimides Polyimides ~ All
plastics (eszuding Wire i ) Prepre{gs/ . . A.dhe; (esS(;uding Polyi

(TP) P) Enamels Films Fibers Composites® Coatings sives ™) ides

1985 160 200 30 130 - - 5 - 365 525
1087 200 240 43 200 -- - 7 -= 490 690
1992 720 380 95 310 -- - 15 - 800 1,520
1995 1,280 445 105 680 -- - 20 ~- 1,250 2,530
1999 1,460 700 123 1,000 25 - 23 - 1,846 3,306
2004 1,950 1,030 136 1,468 91 - 28 - 2,663 4613

Average Annual Growth Rate
(percent)

1999-
2004 6% 8% 2% 8% 29% - 4% -- 7.6% 6.9%

a. Included in MOLDING RESINS.
b. included in COATINGS, but estimated to account for only a minor portion.
SOURCE : CEH estimates.
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Table 2-1 E&olr A +X]9 /d GA}
Year| Company Type Trade Name Characteristics
Wholl Y | P,
© y e:‘spe SPy - Exelelent Thermomechenical,
1963 | Du Pont | romatic Molding electrical properti
ectrical properties
PI rKapton, © Film prop
(PMDA-based) "Pyralin; ! Coating
- Soluble only high b.p.
1968 | NASA Nadimide (NI, rPIN, solvents such as NMP, DMF,
Thermoset etc.
- High melt viscosity
D it
1970 | Y PEsI - - Injection moldable
Nobel
- Injection moldable, Exellent
1970 | Amoco PAI "Torlon Mechanical Properties
s HDT : 260 ~ 270C
« Polymerization of Monomer
TRW Reactants,
1972 | (Sponsor; NI, Thermoset | "PMR-15, - Good storage stability
NASA) {methy! ester in MeOH)
- Low oxidative Sstability
- Lower heat resistance than
. e NI type but low temp.
1973 |Rhone~-Poul Mal d K d
one~routen alemide enmidey moldable like epoxies at 180
© ~ 190C
- Injecti ldable, HDT:
1982 | GE PEI "Ultem, apestion o
190C
BPDA-based . . GO?d Alkali resi.stance, low
1989 | Ube . "Upilex moisture absorption, good
Aromatic PI . . e
dimensional stability
Kanegafuchi
1989 | Chemical Aromatic PI " Apical, - Similar to "Kapton
Industry
L Melt Viscosity 300-10,000
Mitsui . .
1990 Toat Aromatic PI ™New TPI, poise
oarst Tg : 250°C, Tm : 300°C
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Table 2-2 F8 XAEE PIA X9 7 ¢ £4

Trade name Company Structure Molding Process
o o Powder molding
. G i
Vespel |Du Pont ILN N—@o@- ompre'essmn
molding
© © : (sintering)
P84 AP-Polymer 1L . i Compression
(Lenzing) molding
o oH o
5 |
Ultem |GE 1&&@00“@%@—% Injection molding
i { n
s} [s]
Torlon  |Amoco _{_ﬁj\@[&v‘@*o‘@“?‘”i Injection molding
0 '
o o] o o I . t 1 d
Mitsul Toatsu | | njec‘lon o m‘g
Aurum J[N O O N O O {semi-commercial
) o " plant)
0 0
) Compression
Upilex  |{Ube Ind,, «[—N ‘ O @O@ )
I » |molding
0 0
Injection molding
. Extrusion
Meldin 2000 |Furon Advanced |{Thermoset type? . )
Finished machined
parts
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Hz2 /WY Du PontrAlel ZWEE Pl €493 EAS YehAw, 24 . 8
8 54 WE ATl we AN dY UFAHFSR stock sheet EE
rod FENZ AZF machinigdte] AHE3AT elr EFESdq SFH R AL
HAom, olg g AF7HE vie Aok W] Vespely o} 308 2+ 48 & Fold
AN HEFHoZ ALEEHO iyl 19919 ok Furon Advanced Polym. Div.e] &) ©
Meldin 2000; ©] 5733HA Vespel; o EFd A Fo] Z¥om, "Meldin 2000
% "Vespel; & pl7HAIE stock FHZ ojsl e, A &5 AAEAY
grade® ANE AYLT YAAT. olad AWLE Ple B4 200 ~ 50T 1&
7} 2,000 ~ 3,000psi] TtollA A @sof Fht,

PIe} H¥A4E A8 A8 o8 7kA WA PL o] AL AFsgen 1
HEAHQA €7} 197094 "5 AmocoAle Al 71 g PAI [44F ™ : Torlon]a} 1982d
ul5 GEAROlA 10983 788 B3 43 ¢ PEI [4F9 : UltemlEo] dE
H &2 AIEAF] shedtH, AAMAE AEAE &= JPF 4 ol &
T FEFAFE BT opvt AP HWEHIAZEE diF A}
S5 gl out W8S 7HAS A 98 REAYEHE 2 diamine o
Al diisocyanate® 982 A}L3E S A= FAo] oyt Utk

FH AWES Pl FoME AtEe] fA4E %‘7})‘1% T e 7RE =%
o ErtaA PIgstEE A7t @A A H % g, dFEZHA A7t
Mitsui-Toatsull Al 7R# s New-TPI5olu o]EL2 AIEAYL 715shd ofd7HA
HASEA] 22 A5E AREoF dt7) Wi wlg vkQl el ok 1Eld A
A e PI Precursor® THEI o|A& T8t A4 PIZ A#eH7] 9
3 A3 x AgPHo] sked o] o AT+ uE NASAOA Advanced Composite
Matrix2 AHE387] 98l Hg A=Hgen Al NASAY 7&o|ldg we TRWAL
°] PMR-15 Fo] diE# ot}

ki
32,
R
At
e~
it
o,
o

2 H8E Zeloprlzolns A9 NS

195008 ) R E 19608t Aute] AX kgt uf - Azkel FAF - SFE AR

& anztA FehrgRsh g9 stn B Ave Ade @ustn nsd Iy
2 Gage FAE A2 B9 WY LEARES BAART IF HEH
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AL 19603 Marvels©o] 7B&3l polybenzimidazole, 19613 Du PontAl7} 743t
polyimide R aramid%e°l J. o]¢ 22 WEA FAEL 19609 25¥ 19704
N AA AxHAA, 7HETFE B FES] dd g2 A7t FEo gha, o] Ao
A PI®l AE 71EAE Mdsle AE FHo=E 3o sjdo] 7" Ho| PAIoth
PAI= 7|2HCo2 PI® Aramid®] FFEAZ H24E 4 12H polyimide &2+l
amide 715 71& EUANAA AHEALF o] 7153EE 4 AT Aol

WS PAIS AEe] HALE A¥EW oln] 1964 vlF el Amocorlrt A7
% Z8<U Al seriesE /NE3 AL Alx2 & Tojo] 19673 LB 2] Hitachi
Chemicale] Z& F2& 7FA& PAIJ HI-400& A#3tA o2tk oled Fagh
WekE PAI JE3AL 2 283 d3S AHRW uE9] Westinghouse (Amanin),
Amoco Performance Products Inc. (AI Torlon), Rhone-Poluenc/Rhodia (Rhodeftral,
Kermel)E©o] olv] 7He] Fofste] HAFelel glom, ofrjotdlxE & 2] Hitachi
Chemical (HI-400, Paiflon), Teijin (Type 100) ¥ Toray (TI-100, TI-5000,
TH-1000) ©]9}ol= Sumitomo Chemical (Sumica-PAI) SolA &@3atA A7 7
FE3ta Ut o]F HEEEE TL YEIHELRE AFSE 92 AmocoAtd
Al series, Hitachi Chemical®] HI-400& & 4= ith

$HH, AE A¥R PAI= 19769 v=9 Amoco Performancé Products Inc.7}
Torlonelgle AEFHOZE HEE A#Hsided £l & dRoZ A7 TI-1000,
TI-5000, Sumica-PAI ¢ Al@szn lon, A OA A7) - AARF ¥ AFTA

L gy Zo] EAY 4 UG
Gy 2%7F 2718CEA dia3d] =31, A7 WE2ERE 200CE g AH87ts &
=

HY7E -200C7260CEA A 3)ch

VAR ZE7F om 200T ol ddAE At AR olg ZFelxgo F2A19 B4
2 AR ZAL 7HATD doh. EF WEFAAC] ofF 43

W Creepido] ¥4-3ltt.

ARF Ase vASFEL2ZAN 4 x 107cm/emCE e e 7HAY 214 E A&
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E3] AAdAARE, A IH{HA o] 53 T3 HIAE YA golx UL 94 V-0

PTFE, graphite$}®] &E3}t3}le] o3 £4& UWv® §4& BAET U9lE grades
53 271 $8A L JrrAS JHAY, 1
Fol 7}53 873380 HERFLEA HFH ook

T WAFAE JHAH, @stead SAld daide A siAR A% ¢
78} F8AeME Fo7t 7@
Wz A4, dgAbd o] $-4=31tt

olg)s B& AHE uIgt  Torlon; 9 N#F gradeds IA I4E grade L 4
UtR grade’t ATh. DT grade® I&, IAEHAAM TS EIHEY FEAEY
A7t 71e3t HA9 gradeoltt. o] X gradews 4203L, 5030 (GF reinforced
grade) @ 7013 (CF reinforced grade)7} 1tk  MTorlon; & ¥ A7&E84E 714
A AT A7l FBAE Hriste WrtRAE A7 Ro] WukE grade2 Al
olALZRE AXE RFL IEH AFAME FEF JHE AHEE F AT Y
PlE grade2E 4301 (YRbEEE), 4275 (REASF grade), 4347 (AFIdF
grade)7} Atk E3FF Amoco Performance Products Inc.t 1989 d A &3t grade® H
#eled YR gradeE NP Ed o]RL BEF grade§o] HFEA AL E-o]5H
7HeE 4 len AgAzte] o &L Aol SALE ok o] AER grade= melt
flow7} 5317 dfd] Zdn & 9GS Ze oigEEFES AFste o] Jksdith
A AT AFHALH, FE £2aMNTE FAZE 3mmEw 484]3e]al, oj®HTh
O 5AE BFL 34Y9FE AUt} olE Torlon, 8 ¥ grade ¥ 53& Table

2-39] AEstaTh
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Table 2-3. Amoco [Torlon®]

9] Grades}t £4

Grade Additives | Characteristic properties Applications
% w/w
Virgin | 4000T Powder, base polymer for | 4000F : adhesive and blend
molding 4000TF : compression molding
and compounding
4203 | TiO:2 3% High impact Insulation for eletrical and
resistance, electronic components, impact
Good electrical properties resistant molding
4203L | TiO2 3% Same as 4203, 4203L: Injection and extrusion
PTFE Good molding
0.5% mold release properties
High 5030 | GF 30% High stiffness at elevated Engineering components, valve
Strength PTFE 1% temperatures plates, pistons ,particulary to
replace metals
6000 | Mineral Good mechanical Insulation for eletronic
30% properties at high temp components and engineering
PTFE 1% Good electrical properties components,
30% cheaper than other thermal insulation
grades
7130 | CF 30% Similar to 5030 but stiffer] Load bearing parts of highest
PTFE 1% | even at high temp and high strength, thermal insulation
fatigue strength
7330 | Proprietary | High stiffness and Requiring high stiffness and
Blend of CF} lubricity some lubricity, sliding vanes.
and PTFE
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4347 | GPP 12% Best wear resistance Bearing, thrust
PTFE 8% reciprocating motion or washers, wear pads,
bearing subject to piston- rings, seals
high load
Wear | 4301 |GPP 12% High compressive Similar to 4347
resistant PTFE 3% strength, low coefficient
of friction
4275 | GPP 20% Similar to 4301 but higher] Similar to 4347
PTFE 3% wear resistance
9000 | 9040 | GF 40% Similar to 5030 but lower| Switches, relays terminal
series PTFE 1% cost, strips, housings,
Best cost-to-performanceimpellers
ratio
2000 Virgin grade
New | 2530 | GF 30% Glass fiber reinforced
grade
Torlon | 2400 | GP powder Wear resistance grade
2730 | GP fiber Carbon fiber reinforced

grade
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, A58 IS e ArEA FE,

, A%F, AF5Y EE ¥dHE 5T, Ar13A, AFA,

Aot HEA Ag FolAM 7FF 3ddAoln He ARkl £43 F7tE wa
Je 2A4F9 st Eolu]=(PD) otk Ple AZ7} vlmad &ol3ta Q2L @
ZH o] 2FoE EEG 54 5L /IRE A2E P} 23 Augol A=sy
3l Qo

PI= Du PontoA S /&= o] Film& 22 [Kapton], A8 822 [Vespel SP],
A8 22 [Pyre-ML], [Pyralin]g-& 71&ste] AAA A3& SHsY A 1)

94 Felolvle B4 BEHIIRE FUY &Rt 3T 4 Qe Hol BA
Heldl 2 813 PHoRE §§ 484 L A8 BE HeHE Tolse AL
E & Aok $84Y4S RS A% FY FS PP AWED ) FAF) 4

ZAol & -CH2-, -O-, -S-, NH-T9 <2719 =43 i)
p-phenylene ™4l m-phenylene”lE& Z{iste A& A& Ao iii) 5 9
T RG] 7HAEE sz ZHYE Aol o5 o3 &8AHF ART W
4L Ze LEAANRE I3 doy sHEA WE ZERAE A7¢ iv) FHrt 2
phenyl group, -CH3, -CF3%¢ A37]|2 = =43t dAAZS A A1AH /7]
Soel 7HEAEA MEY nEA ARE AE F
ol B AT A, A 1FE3E MAT WEA 1EA A8I} on =8 ofw|=7)
E FA Ze Egotri=olul= (PAD FAolth PAL /EAALE Aurd 1942
C. J. Frotchell 98t AW ciolvly AYFER 7284 F4E X g0 &4
oI, 1945%d Du PontAtE AWE 9 Wakso dolvlat E7l2 &4 e HEHI}
2R BB BE FASYT 2 319649 1= AmocoAt FEE P A
(TMA)E 7122 319 qudXg =852 [Al-Typel0] & AL33Q1 ©|&8 o4&
ol A [AI-220]°] Anacondarlell 93] A/AEUTE. 2 o]F 19668 AmocoAlol
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93] [AI-TypelOlde ohE AAH 93 =858 PAIS [AMOCO AllZ} /A= e
™ 1967'd Y£ 9] Hitachi chemicale] TY3 F2& ZE [HI-400]& A#3tt}. o]
g AHA3Z3} 1965@ Westinghous Electric CorpAlE olv| =23 zte Ttloluls
TMAE WgA7]= WEE AR B o]s} w2 olv|=g I ste AFFE

FE&EE oUE4 vamishol Qe e 22FHY FHAAY Y Zetrgo
EA 7IARFY AEELZ AMESHA HAUTh ol9o] F23% PAIAZ3IALY} HEHE
Table 2-4 o B2sLt

F®E PIY AL Table 2-591 el upe} o vjxo] A4 AA77] ALz
o3y AR PIFA £89 60%E AL slow @ HF FRF7FEo] 11%9 ©]
g 0F MEA ARHL Yt olE F F £E& Table 2-6°1 Yerd ute}l o] o
Had AzEd HeA/AER AREHR Fe ARV d dAdgolth =
FHE 7171, A E AolE, BA 2 "UEF e AdE9 WE Z"E (High
temperature coating) .25 W& $ 89} ¢F 19%0) ol2E F&£3 AFAAES Ve
A Table 2-7 A& "5 FF4 AHEEH e PIo] ANFE AviEd 948
2 fFAE 871714 PADY diREAS € & Aok Amoco AI-10 % 2 &9
oj¢} ZE EHd F=2 go] AMEHY fon F £xE uFId YWIdmwH Lol
5 PAI= PPS & PTFES ¥4 F2 ¢Fvlgd 22 54 s £2 JF3AE

rlo

N
~

7t= prime coat® formulation¥o] ©o]& ¥t Du Pontg 18 2& &&=
Silverstoneol@ FEE Adsteiden I we YWE I"HA FFIHAE
Rhone-Poulenc ¥ P. D. George Co., Whitford Corp. , West Chesters©]t}.

3t Amoco AI-102 £ oYyt F=E e 784 PAI B0l AHSodle wire
enamel-& 2% JHLHAO U 7hAC] UFE Fof HAlde AMRHI JA] For FE
e ZEA 2 o AHE ZRAZR o|&FH1 Utk FH a7t gAE AW
AmocoAtdll 93l PAITA= &9dozx IFH

30-35 wtk&Heo2 FHHD WEAHA FFE AI-830, AI-930, AI-1130 L H=
Al-335%°] Ut

Amoco AI-102 FHetolid 22 FUE IWAZ 9 ofY barbeque grill, lawn
and garden tool, saw blades, gears, carburetor needle 5 Y¥ A8 &5 B

2
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3 EFste] Arig 74 gAEoz AEHT gloy goqw FHE FH, AT

A4 BT Ya4ol W F 55 U BT 8o FuiHm ik

Table 2-4. A MA PAI 3 ZF3A} (£x4)

Company Trade Names Forms Charateristics
Westinghouse | Amanin Varnish & Film PMDA diamine with
Electric corp. | Omega, B-564 | Varnish amide group
Amoco Al-series Varnish Wire enamel
Performance  ["Atoc6 AI-10 | Varnish, coating  |MDA+TMAc(TMA)
Products Torlon Molding ODA/m-PDA+TMAc
Rhone-Poulenc | Noribond Adhesive
/Rhodia Norimold Molding Tg=250°C

Noricoat Coating

Rhdeftal 200 Ciba-Geigy.

Kermel Fiber TMA+QODI{or MDI)
Hitachi HI-400 Varnish Wire enamel
Chemical Piflon Film
Teijin Type 100 Varnish
Toray TI-1000 series | Coating, molding |thermsetting

TI-5000 series | Molding thermoplastic
Sumitomo Sumica-PAI Semicrystalline PAI
Chemical M7000 Molding (Direct

polycondensation)

M7336 Molding

Toyobo Vylomax Coating
Adhesive

DSM Semitron ESD | Molding Antistatic
Engineerig 520HR reinforced-PAI
Plastics (simillarTorlon 5530)
Lenzing Sintimid PI / PAI
Mitsubishi Gas|M1, MS, MP Molding High moldability
chemical PAI composite
Schenectady XWE-1647 Varnish Wire enamel

1924 amideimide
Alsthom Varnish Wire enamel
Phelps Dodge |Poly-thermaleze |Varnish Wire enamel

2000
Hyundai paint |Amissem Varnish Wire enamel

Source : AT AA) FA} (2002)
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Table 2-5. A2 A} PIA 8 A}e] 5 AW

1989 1994 AGR
1000Lb. $MM 1000Lb. $MM % of Lb

Electrical (7265) (138) (12345) (263.1) an

Rigid PCBs 535 99 917 21.4 1

Flexible PCBs 505 30.2 810 60.5 10

Molded PCBs 310 13 2500 125 52

Connectors and Other 1215 10.1 1970 179 11

Electromechanical

Electrical Equipment 180 99 187 13.1 <1

Insulation

Wire and Cable 505 29.6 1170 55.3 18

Insulation

Pressure-Sensitive 74 38 100 6.3 6
Tapes

and Labels

Magnet Wire Enamel 3900 29 4700 455 4

Microelectronics 9.3 126 195 26.1 16

Die Attach Adhesives 2 0.3 32 0.5 10

TAB Tapes 25 14 50 32 15

Capacitors, Other 5 05 8 0.8 10
Automotive 1550 20 4765 39.8 25
Aerospace 475 235 7 483 10
Tooling (for Aerospace) 3 04 6 06 15
Vacuum Molding Bags 35 2 50 35 7-8
Cookware and Applicance 400 45 500 7 4
Coatings
Medical 506 26 807 5.0 10
Abrasives 20 0.8 25 1.2 5
Navy/Marine 70 9.1 175 23 20
Microwave Susceptor 5 0.25 25 0.8 38
Industrial/Mechanical 1357 16.6 5726 385 33
Industrial Fabrics 150 23 250 4 11
Belts 2 01 3 0.2 8-9
Other 21 1.2 37 2-3 12
Totals 11860 221 25580 442 17

source - Skeist laboratory.Inc.
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Table 2-6. Pi= oA g Z-E PIA &84S §5E AMSF

1989 1994 AGR
1000 b $MM 1000 1b $MM % of 1b.
Magnetic wire; 3900 29 4700 455 4
enamel
Microelectronics 9 125 19 26 16
High-temperature 432 6.3 1040 15.7 19
coating
Micellaneous <3 05 <3 1 15
Industrial
Totals 4340 48.3 5760 88 6
Table 2-7. "l=FolA PIA] ¥R £83 A3 (1994)
Type Electrical High temperature coatings Total
Magnetic | Micro- {Wire & | Coockware |Composite | Micellaneous
wire |electronics| cable & Film Indutrial
PESI 2,900 - - - - - 2,900
PAI 1,100 - - 500 - - 1,600
PMDA/ODA 500 40 - - <1 542
BTDA~based 200 4 - -~ - - 204
Phtosensitive - 34 - - - - 3.4
Acetylene-ter - 2 - - sm - 2
minated
PIQ - 1.6 - - - - 1.6
Siloxaneimides - 2 500 - - - 502
BTDA/DAPIL - 2 - - - - 2
Other - 4 - - - <2 5-8
Totals 4,700 20 540 - 500 <3 5,760
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Table 2-8. PAI A]9] HF &= AMEF

———— 1989 1994 AGR
End Use 1000 1b $MM 1000 Ib $MM % of Ib
Wire enamel 900 6 1,100 95 44
High .

‘gh - temp 400 45 500 7 50
coating
Molding 350 6.7 600 115 14.2
Total 1650 17.2 2,200 28 6.6

A 3 3 PAI A9 €&

A7), A, AEA, $F7) 94 L ZHES BEHY FBAY Bopo] slolHE
4Fol AA DAY e AFL BT Ju J1EY 9§ EP dAE WIgel @
=282 28 297 Ak old Robol dstdME $58 WEA, A 4d, A7
47, AEEA, USHIEASE ¥ PAIE B9 TAF ARZA 7 HEoZRY

AT 77t Rt n o Ad-§=rt A4 FuH ha o

D A7, A7 daRF

WL 2o oM AVNEA, daA, WuRAg, XNFARETE duiX g 22

FE ol &HL A

- Socket, connector, switch 3%

- IC3=Z 719 ¥ IC Socket, Card holder, Printer guide, Test nest, socket, contractor
FHE AVRE

- AAYRAA, 7Ng nF% 7FEAAE FF () 7F 7101, Roller, "IUE holders

- EA) 2 ALIE WANARE, BA] - dlol=atole], FoliY, 23318, cooler

=
59 24 9 stol=F, 283 (heat rollerZ2 FE FolE EE e FF). @<

=

=
sleeve, & & 2|z}
R A% A
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2) AR AVRE
- WAZkE A RE R HAR gAUEY 2F
- A% ARE % 0YEH TE

o)) distributer cam, transmission®] trust washer, bearing, rotary sealing, busher,

kd

break breeder, check balls, piston ring and rider band, break A=
3) UR7|A FF
At AAFY A ANFel BT 1853}, 238, ASE, FFEE 553 AYHD
Aol WEA, WrtrAg, WSER, AFAFET S AHstn Ae PAI A7t 71&9 H
€ Eot2H, 54 EP 2 HZESL dAsty &80l A Frsta Ao

- Compressor®] Piston ring and ban
- AN 4 2 EHorY FHolY
- FPzZ] 49 & HF, §9471 43, €5, A, 71}, HotP
¢)) Labyrinth seal, wear ring, bushing, shaft, seal bearing case, pump case wear
ring, pison ring rider band, centrifuge seal and bearing
- AL 717 28 (FR7), e ok =™, H%y A &284%)
4) 7IEHR-F
- 32N WEA 2 VA At aFHE &9 binder
- WEA 2 W ARde] B4 a7HE 4AY dERFE

5 57 %F AY 4B 2

X

- Bushing, washer, spacer, nuts2] AEAF F-EF power control clutch, door hindge
£ bearing, connectror, pump %%
%

- $EFEA, FYRE, A8
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Figure 2-1 PAI 4%



PAIFA e WEE EaB4d 245 (58 19 f=A)9 38E dolvloz
FEH BEoXn F2AQ HAME olui=r]g oiv=rrt nUlE FRHE FHE o
otk AR wkge] AFd e o= A wkgo] XFEI] wE e 4% vEe
EXxog WEE polyamide (PA)Q] ¥HE-3 Y3tk  uwelA PAI A|l2H% W
FAMGE Aol AgET.  FHol €84 e PAI ADEFAA dxF
A WHLE AE2Yo| =T o]aAoRo]EY o] Qe o] WHELS WIF dopnlnt
7254719 ¥ B34S Basy] sty o= %9 GIFAE A% F=A
2 B3Il 4FY 3otk ol HIEA HE WIS EIt2E44
B3 EE ol s gFd EAsAA A FHAVIE A THHEA AE gL
A7 AP Ao} AFRgo|my-e BFS EFIERHN FFEY JLERAT)
£ thionyl chloride ¥+ phosgenes 3 ¥H$A1A 22X IV HEAA7|I olAH
offl7|9} W& WHE-E oj&sle WHoeg orldEe ®F Standard Oil A7F AEE

DMAcs}t 22 iS4 SujFoA AL 29 vund ALdA geA7e AL

Eiy
d gAY GETeijinAb7b L3 MEKS} Z2o] Eof 4% I+ #7] §99
Al Al triethyl amineS acid acceptor24] AME3slE g9 AdEdwed A:AHE F

o] At
Aedd &9 FHHL g4 4hst Hol Jd' "Torlon; o A=

171l TMACE 98 EAEZ AMslY nEAFY] FFAE 4& & Jou da 5
A QL polyamic acidg AZF Fo A 714 FL €5 FWjE o] &3ty o|m =3}
A7lE 294 Bhgolx W AAHE 824 H3E A 82 e F
74 2 Az FF Tol wWg uiAA sAwAN EEsti, A9 EATx A
Ao Brbsdithe @3e] Aok EI AL ME FHEY A4 AL 7Y &Y THH
T olRARE W 2R AF2E0|EE o] &3ste] MEKS & wE&E st
polyamic acidE A A}7lx H3 A= 284 vrgo 2 AZxd PAlY EAHEF %



7} Wi vimd AEEA o] dojxy] W] L3 stedol A9 |tk
olAAjoly|o]EX & WFEEE rlolgle] ofuir|E o]AAlcldiolEVZIE WHIAIF|I

O
mansnsnd

A Ft2 A7) WE W8S o] &3 WY EAM WELEE 100TTI50TH A
ZFol=yoA Lo doJAE polyamic acidE AXA &3 PAIE FE 48 4+
E 540 devt wgFo gelationo] FAEr] 3 FRrEEe] AHow A 1E
Ao FHAE &7 TEFTF Szl ofF oHn. uwA o ¥kgez Ax
¥ PAIFAE &% £54 #aH 4% 74l %A JAH A4S W<

dol AdEOIM YL ARFY Bxde HEIUIZE ojHL =8, HET F=E
o] &-ETh W% ofy} oliAoHl|EY T AFR o=y JdEZ ol H Hola
Alotdlo| By 22t o] ARASIEE HF ol ofF ATER B FFZANE FE
A3 Aol s T o] AUtk

FH AQ FHHS QoA 5T ST E g8 HFE EGE A
I B doinlg g Fujjdte] AP FH A WHOR olv] 2 HAFEH 4
A Aoy AE38 HAe Rt 2y o] PAL AXE WY oA T PR @
£33 YE7MFolY A2FTA HILTF AWM E AU Ry, dEFAY g8 9
FFol o3 ol WEY €& 97/t AYPHJG. HZ  Sumitomo Chemical
dqME 948 71X PP AF AESA $5F E4E ZE AHITIYA JTPAI
Azye Adste 443} Aoty TRIPU AREHAE Fuglch o] W &
ERe wrggnE X sulfolane, nitrobenzene, benzonitriled ] PAI HIEWId 54
1EME ol gste EFEuRE oI, EHUI2T|E(TPP), EFFEELI 0]
EX §7] QAFAFEL oj&3g. wrgeEE HlmE Q0 2007300T S H A
Agsol AxArt. a8y IRAFS ZE PAIE AxsY) Hsty 17te) FRF
ME ok AHREe 200C o] meoA FAZE W AlAok st auly EYiE
AFEE Ao a2 A" AV g delA EEHl A" gade
B4 g% AHLE FEEU A EYEHA Aol A Ha A9 B4
S ZaA7E 990 B0 £ B wrgog A Ade nRAF FHAE 47
7} 42 43 $ =S gaste 59 d#Ege] At 53] atd £ HuiE oF
ALg-8lok sta ol FH Fwl9 34 2 AAYE 4A &7 WEd dnHo=2 PAI
FA 9 Al go] oA AAAel Atk weA I FulE o] §ste] A2olA
GAIZE WS A1A TRREY] PAIE ¥v AES AxV|eo] st

o

X
bod

b RsE

.....4

_.1
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2. PAl =4 Az

7}. PMDA H
PMDAY & amide”1E& /3t W diamine?} PMDAE ¥Hg-A]7)

2e dAsE gen 2o

fr
z
i)
o
ki
3
olo

HoN N-C Hy 1o

5
o

x
+
_ % 1o
A oai ,oi 20
(o)
%

n

Otz: :

;: %z
o:(‘) [} O
z . 0 o

o0 o e z
& -

Q Oz, 110}
- g%

Amide ¥ WIS diamined] A EAME 44719 437 -diaminobenzanilide ©]9)9) g
o]

2e 3ol Y.

T3 PMDA tiale]l BPDA, BTDA, ODPA, 6FDA, NTDA, BFDA %3} & oy
25ge AlgatE Hol F5al,

7}A] tetracarboxylic acid F4&5&

Y. Acid chloride®
At chloride®-2 W&FE diamine® Trimellitic anhydride chloride(TMAC)E HF-Z-A]

e WHOE opuEs} ojr= A4 FX whgo] Yojut

—



o
»*

' G
e e ees) ¢ 0~30°C

"

TMAC

9 9
. Qb .. 3
w SO o | N
8 o n 2 Q o o

o] ¥yelE ulZ Standard oilAb7} 7t DMACSF & aprotic amide 26l 3ol 4]
A28t wikA7lE AL #Y AT (ASCH)F Y& TeijinAt7t 7EE MEK$}
Zol Bl dF =& F718ME AMEE 4% AUSEHEQA ANE FFHHACK)Y
27FA] "ol it

t}. Isocyanate *H
Isocyanate}& WS diamineR ¥ =¥ W3 diiscocyanate$t TMAE ¥HS-A|
e WY o 2A F7+AQ polyamide acidE 234 &€ IF PAIV A EDH

2]

ooN—Ar—no0 + gz °
120~ 1so°c " {"“‘”""’m }
o A9y

AQZHE WEE diamined TMAE dehydrating &£dje] EA)3e] Lo
MG A S ATIE dHo A Y8 nind APAYga s F-o] e &4
branch#Z7} 47171 dobe 2FE 71X Uk oW AREEHE wE&vie sulfolane
nitrobenzene, benzonitrile®} Z-& PAI9] BIEWd F4 Bu]& o] &3, eFFMEEs
phosphoric acid, triphenyl sulfide @ triphenylphosphite(TPP)%5 3 #Z2 #71¢ 38&E 9|
o]-&-€t}.

_39*



9
. c‘
H.N—AT—NH, + /CC o
HOOC ¢
° Q
‘[’ .
-H,0, eyclization Q N
> Ar—-n-— ¢
200 ~300%C o

v}, o]ul = dicarboxylic acid ¥
olml= dicarboxylic acid{-& TMAS$}t imide”’]|E $3le W3 dicarboxylic acid
Z diisocyanate$} WFSAIAA PAIE AlZxste Wyogy £ ¥§ FEH T isocyanate

Hi 2o

0
e
OCN—Ar—NCO + Q jn—O—oooa
HOOC C
H
Q -< }4-
120~ 160°C {—AI—N- S

" 0
C »
OCN—Ar—NCO + 0: NemA TN pm
HOOC” ¢ | COOH
o o
2
¢
S0 (;[ N m
120 160°C ‘-N"O_ C"N

vh E-23} isocyanate®]
uEEE dijsocyanate® vl alcohol (Z-2 phenol & EE3A171 E%3} isocyanatesh
TMAES ¥reA 7 o g w48 oAsld o1 2ot

_,40_



H H C,
RO-C~N—Ar—N-C—~OR 4 o
» 1] HOOC c

¢ Q

- ROH

o

A} & phenol®

%

L ¢]
O
‘ ¢
| H ,O: N
- ,_,.N,__g C
o)

2 ¥rHe TMACS phenolZ23E €% ¥ 4-phenoxy carbonyl FXeity) Waks
diamineg ¥HEA17lE Wola ¥HEAS AAISIH OgH 2o

H H c\
CHs" C’N‘—Ar_N‘C‘CHs + oo
e) o HOOC G

o
= -
B e UEE diamined 2Abe] W] o8] dojx bisacetoxy amino FIXEA

S el WsAe AASE gt 2o

_41_



ki

1:101-

-
<

3. PAI A9 WjEA< 7}

(&

reactive polymer©| 22, A48o] ¢ o AN B AE AFAAu 7 27 ET 09

ath. ol &

=
[#)

Hell iz g7l 7t

te]

Sel
jaze]

7h A

o

A

F717F 7V #a A

Bl7F a3 E @ie] ok

A

AW 159mm7A 7Hssiy B2

3]
0

A

rod, tubing, sheet film ¥ plate %

A5 screw

Ho

te 1A 7}

3]

(rods, sheet, plate)s< ¢

g 714 7}

A]

P~
a-

o

F7A7} 15.9mmo]

o] Yo} @77t AHE

BN

ted Z1A 7}

)

AE T4

s
e

_42_



4. 712y A

Table 3-1 J& Y PAI AX3IALY 7l ABE B}‘%ﬁl? virgin grade ¥ X% &
grade PAIS] 243 43 & 55 dAYelE Ze2Ho E4E vunAYsant o714
E A& vt Ze] Amocorle] Torlon®; o] Th&  Az3|Ate] PAIY) wls] Aula
A BA Fol A FL Ao Hrtdd EI Amocorte  "Torlon®; o} 7MF =
A AEHARAT AdE 713 BAHOE o|&HI o £ dFY VE mdz 443}
Hth B PAI ¥ "€ 5F dAYoly EFet2gd vud & u AE4Y e
AAYAE ST FoAA HEAHR 7IAF EQ F¥el 7P $53, fEdclex
(TP7F 270~290CE E7] W& n&stox 71AZF AHdo]l &3 531tk (Figure

=

3 % A543 o $8He7 Suis

o

et

I A

$HH AmocoAtE ERALY] FAE  H3t7] 93] grade thdslel F¥E& s A
1988 S MFsn A3 AHE 95A7 AZE PAIL graded! Torlon® 2000
series® N3G E=Y Torlon® 2000(natural), Torlon®-2530 (30% GF733 grade),
Torlon® 2400 (Wv}E grade), Torlon®-2730 (CF73} grade)5o] tiE A of o]},

ol T Torlon”; 8 ML grades 5 AuEA glo]l Torlon®, o ¥F grade
AE A HA HEE F Jdon §§ FAo] 43 Ea & 9HE K 3 R
FE ARY F don AR ANFE Zdog FREHASY AF A AstA &
7 Aok gdE A ¥ Hitach Chemical, Toray, Teijin, Sumitomo Chemical,
Rhone-Poluencs PAl 37 IAIENAN = Rtl 53 EAS 2 A28 PAL A, A)
23 FANE R ATENEE s FHE gk o] ddlM & uieh ol PAL

de Ad Hxe n4ds dAYClY Edkagolv &4 s Fol ni¢

— 43 -



Table 3-1 “Jstd 43§ PAI 49 & AUy Fet2EHe vl

I EP PAI PEI PAR PES
Maker,Trade name| Amoco Torlon® | Amoco Torlon® Toray Sumitomo GE Unitika L
Properties ' 40007 4203L Sumica | ULTEM | Uspolymer | yicrRex
{virgin) (Standard) TI-3013 MI000 1.00.0 U‘- 1 (;'0 4100G
(virgin) {virgin} {virgin)
Density . 138 142 1.40 141 127 121 137
TS (237) Kefem® 1200 1950 1900 950 1070 715 860
Elongation (23-(:) % 10 13 15 6.5 60 55 40-80
FS (237) kefom’ 1930 2160 2000 1690 1480 800 1320
FM (237) kefen?® 36,000 51,000 45,000 42,000 33700 18,800 26,500
IS {notched, Izod) kg. cm/em 138 14.7 13 20 5 LY )
Rockwell hardness - E78 E36 M119 MIt7 M09 M9 MS88
HDT o 260 278 274 200 200 175 203
Linear coeff. of anfem. ¢ | 36 x 107 31x10° [38x 0% |4 XI0T dsg g0t 61 x 107 55 x 10%
thermal expan.
Dielctric constant (10710'H2) 4.0 42i39 3.5/4.0 . 3156 0.0015/- -/0.0035
UL Flamability - 94V-0 94V.0 94V.0 - - 94V.0 94V-0 .
Lol % 4 4s - . 47 37 34
Water absorption 96 028 033 025 0.21 025 - 043
T, e - 280-290 . . 219 280 223
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1. AEF ¥4

o AzxsALY PAI AZWHT 71& $2L Fostn B A7 dgd ©

o

AN ol o

271 93t ul= Amoco Performance product AbollAl AAbetir gle Torlon® grade

o] A Natural virgine grade § <Torlon® 4000T>, A}EA 8L 02 s uj7s

o

o

grade?®! Torlon®4203L, A &8 T & blend &8 AYE Torlon® 4000F L =

o

o2 &P Torlon® 4000TFE 47}AE BT 3L pellet El2 7Y BHS

i
2z

FAc =3 45 4FFo2A Wolw & UPhE grade?] 4501 R 4540 sheet HE)E

-4

S|
AEEF AL BAFxe) n72E 39487 918 'H-NMR 2 FT-IR &¥HEed §
BHHEE Hrpslr] Y% DSC 2 TGA A, 3842 Bz dobg 93 &
= FA3H GPCEAE AASAY. =3 HYF BEAES HIEr) 9431 Instron
(Model 1125) & ©o]&3le] 7IAA E4& H/8IAn %ol Izod $474%, ¥,
Rockwell 3=& ZAstgon BTz g 2 4¥F sddss SEME o843
#ast
ol&9 ¥4 AHE o} Table 3-29] A2)sHdh
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Table 3-2 Amoco PALTorlon® ¢ 224 ZAs
Grades 4000T 4203L 4000F 4000TF
. {virgin) (standard) | (adhesive) | (compression M)
Properties
ODA : m-
" I.DDA 65 35 63 . 37 -
{(mole ratio)
HH'H? 45 1 55 46 : 54 -
{mole ratio)
Tg
274 271 260 274
(C) 6
Residual weight :
(%) 54.8 59.3 50.1 535
DT
388 390 385 390
(C)
HDT
260) (278) - -
(C) (
Degree of
O
Imidization (26) 93 100 3 v
7 inh
(DMAC) 0.51 0.48 0.25 0.56
Mn 73,100 67,300 36,660 53,200
Mw 116,300 102,400 50,350 147 600
PDI 159 1.52 1.37 277
Residual t
esidual solven NMP NMP NMP NMP
Water ab i
TP L (028) (033) - -
Apparent
0.46 ~ - 0.57
density (g/cm®)
Densit :
ensity (g/ent) (1.38) (1.42) - -
i -
N éan particle 59 13 20
size (m)

€

. catalogue value

7}, 'TH-NMR &2

772 PAIZ DMSO-dsell o] 'H-NMRO] 28 spectrume Figure 3-19] ¥A18}4
o A EAA 4 4 Qs vkek Z2e] 10.9~1.06ppml A amide group?] proton peak
Eo] VeI 854, 846, 8.12ppmolAE TMA (22 TMAcCYA %% proton peakE
o] vetYY 7.0~80ppmol A aromatic proton peak Eo] E3&tA vebdT)

ol 23
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Figure 3-1. 'H-NMR spectrum of Torlon® 4000T (DMSO-ds)

Z i BHEE rjolle ODA ¢ m-PDAL 65 : 35 Fx9 B %E e
ol EHURAE Bt 23 70 ¢ 30 o @B oS FAEE RoFa vk w3

g wHhe = MAE = gE oA T ZE(microstructure)E 'H-NMR 42 Ealo] &9l
Z= o)== head to head (H/H)$F head to tail (HT)9] Bl 55 @ 45 (mol%)EA ME
o plAFRzE vk B2 YAES B3 ddnh ov=sisE IR 2 TGA
of ostedr] FEF HEA o] sHEstA T 10.3-10.6 ppmAtoldl A w9 e A7|E ofElllb
Holzrt BHHEL A & F YATH (Torfon"4000T, 4000TF) o]+ 100% °lvl=3 =

%k O{}i
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A & A 7HEA §EHEE Fard 54U AoE o

o
Ay
)
£
b
e
Z,
2
}-C
K3
>

A" o)$ Ze mol=r) 33ppm, 2.7 ppm, 2.2 ppm, 1.9 ppmoliA UERGES & T

=N

F AR ol WhE&ul F& wiAR Ay &7t NMPYE EARH o5 &

Hd 0.1 wt% o]stojuch.
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i
QI <o
C K O ab c d n
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O
- NH
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1O TR et
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d»
Joelg e ORI
C —
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Zsn
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10.85 ppm¥ 10.71ppmelA1e] m-PDA NH proton peak$} 10.68ppm, 10.63ppmol A<
ODA NH proton peak® integration Area(A)E H|13hH ODAS} m-PDAS mole %&
T+ 4 3

( Amgg‘f" Am&g)/z
0,y — : )
ODA(mol%) (Apet Ap)t(Apet Aga)l? * 100

3l 7.26ppm# 7.05ppmol A el HH segmentt 7.15ppmdl| A] HT segment®] integration
Area (A)E ¥l 3ldE HHSF HTY =242 +8 ¢ U

( Azt Aqgps)/2

HH(mol%) = (Ast At As %100

ol Ao gxrE] 3 ARZFO amine ratio ¥ HH/HT ratioE Table 3-3 o HelsA
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Table 3-3 '"H-NMR spcetrum analysis

DIK%)

(A1780/A1015)SD *

100

& (ppm) Assignment W
10.85 (s) h' m-PDAHT)
1071 (s) h4 m-PDA(HH)
10.68 (s) e ODA (HT)
1063 (s) e'’ ODA (HH)
354 (s) d TMA
8.46 (s) 1+d* TMA+m-DPA (HH)
8.12 (s) m TMA
8.03 (s) d’ m-PDAHT)
7.90-7.81 (q) d+d’ " +f' ODA + m-PDA
7.74 g’ m-PDA
7.67-7.44 (s) ata’’+g'+d’"ve' +e! ODA+ m-PDA
7.38 (s) gt m-PDA
7.28-7.25 (d) b''+e’ ODAHH)+ m-PDA(HT)
7.19-7.14 (d) b+c ODA (HT)
7.07-7.04 (d) ¢’ ODA (HH)
3.3 (trace) NMP (N-CHz)
2.7 (trace) NMP(N-CHjs)
2.2 (trace) NMP(N-C=0-CHz)
1.9 (trace) NMP(CH3;-N-CH-CH2)
U, FT-IR 29 E" B4
FT-IRe 93t AEE] spectrum Figure 3-49] 28]3l Z+ F<4 peakd] 4 ZHzt
£ Table 3-4 o] JeRACh ©]E FT-IR spectrum #4& E3te] ofeg] 2o HE o
vEssE 78 AU
_ (Al1780/A1015)SP
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Figure 3-2. IR spectrum of Torlon” 4203L
(a) powder (b) film
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Figure 3-3. TGA curve of [Torlon 4203L; film
(heating rate : 10°C/min)

2}. Gel permeation choromatographyoll &g £

PAl AEE 9] polyelectrolyte EFHE 7442 A17)7] 18l LiBrdS #H7}s DMF$} of
@9} e =AM Spectra-physicsAt SP 8801 GPCE o] &3t ZAstger FAg
273 AL ot 2ot

Detector : SP 8450 variable UV Detector (280nm)

Column : TosohAt Tsk gel G6000 Hxe ~-GMHx. ~GZ2500 Hxo
Solvent : DMF/0.03M LiBr/HsPO4/1vol% THF

Flow rate : 0.5ml/min

Injection @ 40 1

Standard : Polystyrene
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A7) ZAM 248 Ao 2@ Torlon ® 4000T¢ 7% Mn = 73,100g/mole, Mw

= 116,300g/mole °}lth. ¥ 30C DMAco]A A3 inherent viscosity @< 0.51dL/g
olgith. ¥ UHAFLLE ALY Torlon®4000TFE 4000T Mok o £& Mw =
147,600g/mole ©]3l inherent viscosity 2 0.56dL/gol ATt

/_’}3]

A BAE  ¢F AYFoEN FAZ 47 254cm H 127emd
sheet HEjQl wWlo}@& Wl grade?] Torlon® 4501 % Torlon® 45408 ASTM D638
He] we} 6709 dog bond typeAl S A|ZHEhe] full scale load range : 1000kgf,
crosshead speed : 50 mm/min ¢ ZH O 2 Instron 44822 &3

(2) WetEx : tEAHFFE TaberAt Model

(3) Izod 2ZAZ%E : ASTM D 256%H ol @&} Notched Type A ¥ AW 670 E A &3t
Tinius OlsenAt] Izod impact TesterE AM&3ld Z43IR Tt .

(4) A% : ASTM D 785 ¥go] m@ American Chain and Cable A}9] Rockwell
Hardness Tester® AR8-8ted FAstATH

ol 7144 &4

(1}0 Xg? =1 ]

=~

Mz

o

oS =& AFE Table 3-5 o BEsYTh o] Z3= AmocortdlA LEI EATIAE
12 RodFgoy B A79 HA7A wigxd @ 4&4¥xd e Fgsted

1Zoz ol&HUTY. Al2AEEL BHEH AARE 1950kgf/em’ I ¥lm Al i

o} wrEE g dAxuoly Zek2Eel Vespel, PEL, PAR ¥ PESE# Hl 13}

LAY

g A Torlon® 4501 | Torlon® 4540
A A7} % (kgf/cm?) 1,020 1,030
AZFAE (%) 12.0 13.1
A4 gAE(kgf/cm?) 13,700 13,500
Izod A7 % (notch) (kgf - cm/cm) 42 4.0
Rockwell A= (E) 63 65
el B (u} B2 ) 5.02 5.12
Ax (g/cm’) 1.450 1.460
FH AL (T, (°O) 275 275
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vl ESCA £
A8 7tEE AAZe 24 EAE 98t ESCA 45 HAAg AAE Table o &
gslant. $A43 BASFEY @435E e HuhAr AEEHASS & = den
B ko] Hol: EEHXAN 2 JexE BAS £l 4o Ax AdAEgE A T
& ARk
Table 3-6. 4= AlAF =AY A5

A0 Torlon 4501 Torlon 4540

F 7.7 8.2

O 11.8 12.0

N 4.4 46

C 7hA4 74.3

Si 05 0.9
Ab YW E R
Wl R S+ TaberAl 51308 o] &8t &3t oW AHE A& 4 inch, 7 0.25 inch ¥

[»)
Yoz ANEsty o]&slgr)t vlRAFE 1000cycled 71F0 2 &ARA (mg) & ARSI

A E ulpA$E 45010 AS 502, 454091 A$ 5128 53 YulRA-E 7iRar ol
== ¢ F AN
2. A¥A R

2 Qe A8 urg-gulgE NMPE ojg3lgen Fr7iE 8o vEsEE

=g Ao 3 H &2/ WHSY Abgstded 29
71€ o] &3ted 100ppm ©l8tE
zAste Abgstth. @%A¢l ODA, m-PDA, TMA 2 TMAcE ¥F%8& grade® T9
o 23} 7] Y8l AL desiccatore] BRIy, #xo AA
TR ARSI T vt Rhg %9} thoinyl chloride (TO)% &
& OWE o] g3ttt A 23] AL 7reEsk B8 Table 3-7 o] YERSA
=3

L. Carl Fisher % &3
$P HAE 2 9e el
Zol 2 AFEE 3 vk

O A~
olEE s 2



Table 3-7. ¥RA5] £5H

o E
5(“!;8‘

%)

o~ u
Aok w | AzEA EEC) | oo o) AL
=)BASF o 0.03 % P A ShF, FA,
NMP ( 995 -‘JEH ° 0 °© W_JT e
bp : 203°C Drum @9 &, % T4
(1])Twin lak D 67-69°C | flake (A&dwt &F)
TMAC WTwin lake | g5 e o
chemical Inc. 9 melt type, $8 F9
T™MA (1) Amoco %5 > mp : 168°C pellet type
) Wakay
ODA (<) iika} 995 mp : 187C pellet type
Seika
m-PDA | (¥]) Du Pont | 998 mp © 63°C pellet type , ¥ X B3
TC (=) Merck 90 > bp : 79°C FEF2
MDA (¥) Sumitomo | 99.5% mp : 89-91°C | pellet type
MDI (&) BASF korea | 995> mp : 42-44°C | FEF, AL B
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= ARSI B3 AFE ST O Figure 3-4 FUHA AR WS vla BASAL

7t

Aol wpel DR PAIE A 23 processE ST (route b). 31 o] WS S8
oA #2227} head-to-head F&¢] PAI A% HEE & glo] AFEEdx 8o 7Hs3sith

AF7A A7 AHE EUZ 10LA 1001 714 Scale-up 3t ¢EAAPE3 AlEA¥EoR
TESIY AR B SA AR A7 58 B A Az £24E& ksl A3 whEst
o AZF PAI B2 HZ Ax A}E Table 3-7 2 Table 3-8 o Aestgch wesse
Iwt%E AT, SR whe-guleh wlaste] o 3o FREFE o]&3}gch o€
A Az e o 2o

7k ACS el o8k PAL A& (10L ¥-&719] o)

2% 7, mechanical stirrer, No gas inlet/out let ¥°] $2tg 10~100Le] ¥Hg-7lo] N
gasE A]A3] EFHAIFIHEA] ODA (259 mole, 51862 g)3 m-PDA (1.11 mol, 120.03g)
2 NMP 3kg (solid content : 30wt%)E Wi HiA EA% Ao LAz o]o
AR 2 YR circulatorE ©] 438t £2E 2TOI3tE Wasta oF 1IAHESE awk
sttt oW wRtEEE oF 250 rpmollch.  732.37g (3478 mole)®] TMAc%t 44.20g
(0.222mole)®] TMAE AadtoAM EFst] AMAM38] vro] FYstdeh. 83 NMP
20985g & ARESlY] RERV] AW Fe 8710 ol AT L£FY dEAVE vgT) ez
FUHEE At olw @E wrgoz sty 2xrt AestA Hew Ho 50°C o

sz 44e T AL 5A2 FRWSS ANSRGT o1F Lol aspiratorE °]

£3te] Z]F (2F 30torn) sl oA 1A AE wHgAZ 3 9 EE SR JFHAA A4
ANt 1053t A7) 3 Waring blenderE AFE8Fe] BT HAES 3¢ 60T
o] 7+t ovenolld 24A17F AXE H ¢S @A REurade] Egoluabe Atk olE

235°C2] convection ovenojA] ojvl=3} Al#A PAI 48 Aot
Figure 3-5 | ACS processell &3t PAI A% ¥4HE& T4 H0
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© New Polymerization Route
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m-PDA

\ 4

Solution
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TMAc ]__J,
TMA

Polyamide amic acid

(PAAC)

Distilled water

Precipitation and Densification

Warning blender
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Vacuum oven

I
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i
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!
Drying

!
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Figure 3-5  Flow chart of ACS process
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. KRICT ¥l 9lgk PAL A= (10L &N <)

£ 57, mechanical stirrer, N2 gas inlet/out let ¥°] %25 10~100L2) w27l No
gasS MA3 EFHAF|WA 57845¢ (486mole)?] TCE HE7tstm 0 °CE Wzhsich, o]o]
A ojn] -5CE WzhE NMP 1820g & ¥ 308 A% awkehdA -2~-3C 2 Yzhglth 170°C
of Y LEoA 24X B§, gdtal HA EAstelA FEst @ TMA 9226g (4.80mole)
1820g °f NMPE ¥3 TMAZF &3] 52 f7bx] of 13 3¢ W4skaltth 63682 (343 mole)
°] ODAS} 15897g (147 mole)®] m-PDAE &¥sted AMAM3] F7H § NMP 40gs )83k
7)o B2 Ao TEAE w7 <te2 Hrbst). oW HE whgo] Hol &7} s
Hed Hd 50~60°C o3yt HEE siHth A2 E WAHAE WARXE AAST YA
45N7 Bt BEEAIZL & Y BAE olEst 1A B FAANZ F BAE ZHARA
TMAZ 1883¢ (098 mole)st NMP 827g< H7ksla 1417 B9t wheAlA
Tl Adst] 242705 UESE FYSIAT o Waring Blenderd)] ¥l #4f #3 ¥
FHTE AFSIE AHste pHE $4¢] 8 w7t AHsia A#stith AoE ofake 60°C
o AR B UATHES AFE T 235°Ce] Convection ovendl|A] 3-4A17F olvl=g} sl

H
&2 Bubipel PAIE Azshth

et

vl
=
olo
ol
i
+ov
ofN

Figure 3-6 ¢} KRICT processo] 23 PAI AF FAHL =4FHoZ Jehlor
= A% AiE Table 3-89 A2lshioh
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TC
>  Solution
NMP
TMA >  TMA /NMP/ Complex
ODA }
Polyamide amic acid
m-PDA (PAAC)
T™MA
Distilled water Precipitation and Densification
]
Warning blender Powdering
|
Dehydrator Washing and Filtration

l

Vacuum oven Drying

!

Thermal imidization

Convection oven

l

Sieve Sieving
|
Hensel mixer Compounding
Convection oven Dr):ing

!

Compression molding

I
Molded PAT

Hot Press

Figure 3-6  Flow chart of KRICT Process
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4. 488 PAI 5%

B ATME scaleupo] BB EAR A2 5e)r] 9t wrggule] SEEY v e
AR A, eeEe goldh 2HE Y Wz NMP o84 ¥ WARA Res 53519 A
A4 9 B 28 FHE Fol I £YI¥T. 0L 10L 74A scale~up sFe Az
® PAL 28] HF Ax 27 £ 4 Bk 93te] PAL #A9 Ax, A7, ojvj=glx, |

= % 2 98 48 59 243 24 HATEES v BAsg0,

7V &2 U9x g ojul=sie

AzHE PAI &A= NMP, 2 DMAc §¢ opn= ufo] & B3fsiglon 14 AxE A%
A7 44std 4SS PAL 229 Torlon®000TF ¢+ Bl&8 Bapzk (%) 49 056~
057 di/g 2 2dE=eH 33 ol AAY A+ A3 001 AR ox5 el AF4E &
qE 5 Ak

Table 3-7 ACSHel 9igt PAI 3

oy

Az A3}

A ded o}l At PAI | Apparent GPC
Code | 24HA =T He A% | Density {g/mole) DI (%)
(mol%) (cps) (dl/g) | (dl/g) | (g/em®) Mw Mn
HS-1 6.5 14,720 0.24 0,49 (.33 100500 68,000 95
HS-2 6.5 10,920 0.24 048 0.32 100,200 67,800 )
HS-3 65 15,000 0.24 0.48 0.34 99,000 63,400 95
HS-4 65 15,720 0.24 051 0.31 11,380 70,100 A4
HS-6 6 16,600 0.25 056 0.35 - 95
HS-8 6 16,000 0.25 0.57 0.34 150,800, 61,500 5]
HS-9 6 17,200 0.29 056 0.32 140400 72,000 92
HS-10 6 16,400 0.33 057 0.33 149,300 67,000 9%
HS-11 5] 17,000 023 0.56 0.33 146,700 64000 %
Tolron 100
0.48 (0.46) 102400 67,300
42031, (93)
Tolron
056 057 147600 53200 94
4000TE

() : Torlon® 4000T



Table 3-8  KRICT Processol] €J3 PAI A% & 23

i T N B DT
Code | =44 T i= ko j (hr) ¥ De?Si};y (g/mol) bL (%)
{mol%) (cps) (dL/g) (dl/g) | (&/eai)
HK-63 2 13,820 0.24 235-2 0.49 33 98,500 89
HK-64 2 16,800 0.26 235-2 0.48 35 11,000 90
HK-65 2 13,000 0.24 2352 0.46 36 92,700 91
HK~-66 2 14,700 0.24 235-2 047 35 94,300 92
HK-75 2 23,720 0.26 235-4 0.57 35 145,000 9
HK-76 2 17,880 0.26 235-4 0.56 35 137,400 9
HK-77 2 15600 0.26 235-4 0.55 3.3 138,300 9%
HK-78 2 21,200 0.25 235-4 057 35 142,000 97
Folron 048 | 046 | 102400 |
4203L ’ (93)
Tolron
0.56 0.57 147,600 9
4000TF

( ) : Torlon® 4000T

g ojw=3} whgA] 235°C 9] convection ovenol A ¥HE-AIZHY] whE olml=3l @ DIE AAls}
o Figure 3-7¢]l VEMZIch o] 1olA & 4= Sl uhe} ol Azte] wheh A ofnl=3)
57 S7beke A S8, EAE- € EXE T AS 3~4 Algteld BApEFe] 055
dl/g B=E Yeplilod, AEA8E A8 2852 & Zdds 242 AF0A 048 dl/g ¥
AFE Gt olEe AxE PAIFAY GPC 48 HAlste] vimd Ax 53X AAFH
AR W99 3k e} inherent viscosity ZWE RSk TGAO| s Al4tg ofn|
=3le = ZH2F ACS process S S 92%~ 96% Arold] S JEhyo] AlAZEF FA}
ZAE Yo KRICT process?] A% 8%~ 97% 949l & vepligdsd olx whe
kel HCL B S &0 st olm| =3l &7t oS FX5 o] EA%H ojv] =3tk
A7) ofgohe g ousiy a2y o] Are e APAR HFst ¥ spEel &

FEFE FA Fevhn dgHo HA Ax xHos At

4
{

4
o
oo
4
N
it

s
%
o
et

A4

0{}!

xm

= 483
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—
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g 050- / 9
= 1 — ] : ~e0 @
% 045 time v Di %
% 1 0 3
° 0 0.26 o,

0.40 4 o
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g 3 053 92 g
$ 035 8
£ 4 055 93 =

0.30 5 056 94 20~

4 10 0.6 97
0254
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Imidization time(Hour)

Figure 3-7 ojul=g} Alzbe] wE BAEHFE) ¥st % DI #st (HK-77)

Az PAISl BATEE A3ty 95t 'H-NMRE ol&ste] 2AE 23 ACS
process® A ¥ PAl £ AAEH YT Ho|ag RoFn lon w7z 443
HH: HTS 87} 45 55 mol% BAEE AAED A vjAdFEs BoFol 34T +
Z9dg #olst & 9rt KRICT process® Alz¥ PAIQ 7% mlojze] X FYst
v ol FEA A HH: HTS] ui7k oF 70 @ 30 == HH'}LK?’} 2o Txdg s

A z¥ PAIY AL T Fy)= SEM 2 particle size analyzer® 53] @23}
Ak el AP wlks YAFz @ Z7|E FAstgen B 7Y BEEA
FUA =15 20-60um WA @E YEAT AAES FAS YAREE I8
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270~280°C
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}ed hot press
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B AFee AzE PAI X9 48 xd& A3 57 Hsto] 4497 A, 95 A

g 2o AR, A7 agERd 2 4F 2 ARAAES AAstd dARaviel AEe A¥E o

7V AMA 25 9 wEgE4

28z e} ESKARAS Este] el g PAIE A7) 9ste] AME H7HAlE Teflon,
graphiteo] T PAISHS] A& moldzte] HIAAL #aAA olF4E Folv] A 318 o|FA T
Baslth ALR 758 B|ZE, graphite, 124 ©|3A] F59 £49& 2AHY Table 3-99 A
Eisii=d

Table 3-9  AFEE AvkA] L oAl 27 ¢ EA

= e
A7 E A2 HAL e ?C R wa 2
(g/ent’) (um)

M-31(Teflon) Daikkin (%) 067 granule 700

M-33(Teflon) Daikkin () 0.83 granule 250
A (Graphite) Asbury (7}) - powder 44

- (Graphite) - (=) - powder 45
Rlease-All 50 Air-Tech (7) - Liquid 477°C (A E)

EEAL BAURA 2 7E2A BAS o B A7 BE gradedl Torlon® 4501 F&
Torlon® 4540 91 A$-ol= z17+ PAI : Teflon @ graphiteS FAMIZE 8% : 12% : 3%, 80% :
199 : 8% = H7}slgon AlE: A8l AoE 045% 1 05% : 3%2 Arlsth

[o]

aj b e A2kl A9olE Waring blender® ©]-83t] rpm o] 18000, AlRhe 2-3%, 2-3% Wt
Balo] AME3IE.0 ™ Scale-up 3 499l Henschel MixerS AHE-3hod ufj§ataich
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PAIE 72 B4 FES 44 Faste 420l ded o 48A #AE ot o
2t convection oveng °]4ste] = FHFES 500 ppm olHE FAEH] st FEIL
o] convection oveng °©]-&3led AxsT) ol 4¥ ZAHE Figure 3- 89 UEHAT 9714
& & lEks} o] 120°C ool A Azt mhe} fRghiake]l sk # Aol e 140°C
] convection ovenol| A 16A1ZF E<F 23t 100ppm B Z3te] ARSI

of

A

Pre-drying TORLON
Temperature vs. Drying Time

10000

5000 |

1000

Acoeptable
500

Moisture Content{ppm)

100

50 4

Drying time(hour)

Figure 3-8  Al7t & £50] o2 Torlon® 4000TF 429 8843 W3}

B A7) o8 % A7) S0ton £ Ho) 400°C 7] 7HE 9 el ThEEts
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(3) Y=AEE mold AA 2 Az

B Ao AaE b 438 moldE Figure 3-9¢) JeERAITE molde 400°C & 2
% 30kg/cm” o3 LA AY F e 54 TES olgstel 438" PAIE €A 2AY
A &4 AEo e HAASYT Z7E 70 X150 X3 mm 2 ] 4 A¥EF] 24
2 44 23 B 5 AEE ASAT T YrlEE 2HL 98 A ARE gete] 4%

(A& 4 inch, T4 025 inch) 2= (sheet type mold) = A|ZFste] o]&3FA)

4 o

Ay

‘“:Tj — ] 1 . jJ“‘” Dies
=
i Core
Guide—
4 Dies
it ch

Figure 3-9 & A¥E &34 moldd] A%

2

S
z2
Ao
£
ofk
3
-
g
B
D_l.«
oflt
E*N
A
Jo

ARE FE=AEE moldel] o]FAY wl= Air TechAl Release All-50& =¥3t1 d-& 7o
curing3tth. ©]oA] hot pressE 300°C 744 < dd ¥ moldE hot press o A&alal 300°C 74
) oF 1AZF ek FhaBT) ofrle] AR PAI BT 9 30°CAAN 370°CAA ThEsEA
S AAEATE ojojx 150°CE Wztsle] moldE #El8tel PAI 4% AEFS AxsA
o HH 42 272 getebr] st 4 Torlon® 4000TF $AE olg3led 4548 4
Aste] o]59] BAL AAE3} vlm EA4ske] Table 31001 Featgich o] Table 3-10914 &
giFo] Hh AE LEE BOCAA kg/em” G2 AHA Z1AH Aol Azt F& ¢
AN AT 270°CAA 24X AE 3AFE AN Zo] 71 £& dAAEE Ul

AEAY AAEDL FAR zod FALE, AEE UERIIT ozl dutrow PAIE 434

r

A
o
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S AstEAe BEe Avis FAC e g2y B A7ME SmmFAS FEEE AAE
Brole oF 24X%tel aFHUT ol A¥e Fbo ol 2o HY YA 1 #

Hslgct (Table 3-11)

Table 3-10 HH H¥zx0e YL A Torlon 4000TFY] 4478 23

Code A 4P Le=CC)| FA3) A= Ag Izod FA4F % Rockwell

- gHlkef/em®) | LECO)-NHh) | kgflem) | (%) (kg “cm/cm) AZ(E)
NT-1 370 — 400 270 - 0 810 56 39 63
NT-2 370 - 400 270 - 24 910 6.9 40 65
NT-3 370 - 350 270 - 0 610 28 36 64
NT-4 370 - 3350 200 - 24 900 76 4.1 66
NT-5 30 - 30 210 - 24 1090 105 49 69
NT-6 30 - 350 270 - 24 1.100 117 46 69
Torlon )

1,020 120 42 68

4501

Table 3-11 HF $54F

Q
Q.
@

4= (kg/em’)

175
35

70

175
350
175
175

A7t (min)

@@@@@@@%

%»b*—“(ﬂ**‘[?\f}t\.}

@) HA PPz 93 KRICT AEFT AAFY ST

Aa7hA S #HA Mg 24 8 A4¥ 270 @et scale-up st} AlEH PAIFAE $5A4E

& A& Table 3-12¢] A

Wtk & ATlN YUY AT 2a g A28 YSYIEY B9 AN vws
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e
ax)
M
4z
o
o3
ro
wn
=
ﬁ
.,,
ﬂJlO
=
)
=
e
CJJ
),..a
<
2,
£
Su’

— 69 -



P
=)
H
)
~{o
¥
o
s
b
A
ot
ng
I
&
=9
ol
A
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S,
o
oy
olf]
o,

A A& | 9 T e Izod Rockwell
Code | PAI |7% | A% | g4e <°<§ e | FARE AR A=
(kgf/cm?) | (%) | (kgf/cmd) g (notched) (E)
NT-le | HK-7 | 1,090 105 17,640 281 | 1438 43 493 68
NT-2¢{ HS-6 | 1,060 11.7 14,200 284 | 1436 45 493 67
Torlon
NT-5 1,090 105 18100 284 | 1447 45 490 69
4000TF
Torlon . ~
- 1,020 120 13,700 275 | 1439 42 502 68
4501
Torlon _
_ - 1,030 13.1 13,500 276 | 1438 40 512 65
4540 .

A 43¥ex @ ¢4 : 350°C / 3B0kg/em’
sk = g ARE 2 270°C / 24hr

ARR-E H7HA C M-33 (teflon), A-99 (graphite)
7 s - Henschel Mixer

I

®) AREF AR

E A7ARE o] &3 ARE AXE st U U 43 ATGAD ot ZRH A TFL
2 A& 5cm, 20l 5em 9] rod@# 30cm x30ecm X 2cme] sheet B A AEF Ax AAE
Figure 3- 1191 Jehdch & dA7olA et PAI Alzxd 2 A% = 5
FE BAL e ARFL Az @ & AUk ol ol &t B Ao EEEFY W
vhak Yele 7)7] BEQ Z4E woty BEF R, AYPA 2 FHA 77FET olE

7V ok wdE
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S il %
B GAceV  Spot Magn
LI00KV 20 100x . L 100kV 20 100x

}=AF (4501) =AE (4540)

Figure 3-10. &4 ¥ ¥ o999 vl (SEM : 1004)) :




6) AFHEAEA A+

B A7 AT ARS F WA 85 skl AR A7E ANt dudes
PAIE THES 7H3 slow neor EA3] Sviste $A2AM 5Ud 4¥717F Frsint.

PAL A ARAC st sl & AL &

Utz

2 AYF271L barrel 25E free zonedlA 300°CT320°C =2 3N0°CHE A3 58 LE
2A8C240°C FA7F a7Erh AFE o 2 £xE HUE, A¥ cycled 7Hed @7, barrel®)
AFATE 24 @k B85 712 purgedte] FAshe o] ditE e s g
B QPdxe AlEAEsy] Ao Bxge] 048 di/g AEE AZE AFE A8E PAI #49
C.W. BrabenderZ o] 23} 30wt%d TiO:% 05wt%] Teflons wiEsle] extrusiondt ¥ pellet
giate] ALEA g o] 83Ata StP o feedinge] WBEHA AT screwe] BTt B U]
A washke 5 /iAol Beskh

B AFE Lo 4% A¥sld disc FEHE 73T & AEARVIE ol&3te] AHE
Agela 84S A8t AR wEsde 4859 E4E 32 FE Ued AE

A% 7heAde gAY HA ARED 4 =8E 7leelx T

e



9] PAI AlZ2FAMe] U FE & PAL A=
= Amoco AR <AI-10) 3

{Daineony %

o] o] &He
DaikinA}#]

oot A& (anti friction coating)E

& g Fo4str] Hate 717 &
2249 wlole(oiless bearing) s 8 B

ol&He

CorningAte]  (Moleykote 7409 = ME® ez 7Y 517x 2 BAL

A7HA, &uf 2 PAIE o3} #E3to ol

o BATEE

C B4 AN} =3 H7HA 2 AL gotslr] ¢t GC-MS
Ak ol BAATE Table 3-129 Table 3-139) Azlstdch.

Table 3-12 Amoco PAIL AI-10¢] ¥4 A}
items Results Conditions
"H-NMR MDA + TMAc Chemical imidization
HH: HT=48:52
FT-IR MDA + TMAc -
TGA SC= 89.5wt% 10°C/min. under N,
RW : 48% at 800°C
SC= 89.3 wi% isothermal 260°C, 20min.
DSC Tg =280°C First RT-300°C
2™ Heating (400°C) under N,
Solution 378 cps 25°C, 25w% NMP,  Brookfield
Viscosity viscometer, sp no : 2, factor 10
Inherent 0.237 dL/g 30°C, DMAc
Viscosity (IV)
GPC M. = 56,890g/mole DMF/LiBr 0.03M/H,PO30.06M/THF 1
M, = 39,980g/mole vol.%, Rl detector at 40°C
PDl= 143
Titration (AV, D) AV= 80 mg KOH/g KOH/MeOH 0.02N
DI=50%
Mean particle size | (50-60) ym Calai CIS-1
Particle shape Irreqular particle SEM (x 500, « 10,000)
Apparent density 0.47 g/cm® JIS K-5101
Residual chlorine | 422 ppm lon chromatogrphy (Kolon)
content
Residual solvent NMP "H-NMR

_’;/'Sm

vl Dow
vl 483

shetatr) st} IH-NMR, FT-IR 2%
Ae Hrletr] st DSC ¢ TGA 84, ¢4 #4385 &7
=4 32 GP

% ESCA $4& 4




Table 3-13 Daikin <Daineon> 2 Dow (Molykote) ¢ &4 ZHz}

54 35 z A Daineon Molykote 71 &
'"H-NMR DMSO-ds MDI + TMA MDI + TMA FT-IR 2% 3¢l
o Inherent
IV(dL/g) DMAc, 30°C 0.40 043 . )
VISCOsIty
Mw : 108,000 Mw : 123,000 N
, ) Al-10 A3t
GPC (g/mole) DMF/LiBr/HsPOs | Mn : 62,200 Mn : 67,000 o
PDI: 17 PDL : 1.86 ° =
DT : 400°C IDT : 400°C
TGA No, 10°C/min ) 1 DL 100%
RW 54 wit% RW ! 44 wt%
' 200°C o}t
DSC Ny, 1°C/min | ND ND ,
A 7tagkg
NMP : 36.8%
DMAc : 21.1%
GC-Mass ~ xylene: 31.8% - Lo B
MIBK : 88%
71e}F 1 1.5%
CAE : 100 ev Cia
T 31.1% .
STEP : 1 At 2%
ESCA ol ;V F @ 673% - M 5
Mg K-alpha 1 ) oo
Normal

oo BA AFHE FH3Y Amoco AI-10 91 A¢ tobwl DA ZAM 471 MDAE AH8-3he]
TMA %& TMAcE o83t FE Azl PAIRA 387 Ee t&3 2tk

0 O
g i
OH N—R
N—R N
{R’”ﬁ u " %LR/H (. 7
o O n le) n
Amic Acid Form Amide-imide form

3+ Daineon @ Molvkote 21 A-$¥ MDIE TMAS ¥HgA17l PAl F22AM HF F
vt ve FEEALE o 9t Daineon ¢ BF X 2AAEFS Sujs NMP
Xylene : DMAc : MIBK = 42 : 36 : D10 o ELEUYS FAsiY. olEY

'H-NMR &4 ZIE Table 3-139] Jehai



2. 43

7V 7171388 PAL =4 A2 (100L ¥k-g-of)

£ %4, mechanical stirrer, No gas inlet/out let ¥°] 2% 10009 ¥Hg7]o] N, gas
£ A3 FHAFIEA MDA (370 mole, 7.336kg)® 2 NMP 30kg (solid content :
0wt%)E ¥ i EAE G2l G ATE olofM ¥ B YR circulatorg ©]
£3le L& 0TE Yzsln & 1A7HES wutslgot ojw atETE oF 250 1pmo)
st2 2Asksh. 7.2457kg (3441 mole)2] TMAc®} 5157g (259mole)e] TMAE A4
gtellAM EFste] MA8] Uro] BYstant. oW & #sta 50°CrF EA ¥EE
SRtk g3 NMP 522.7g& ARE3te] Whg7] Ad Z2 &7]d dol e ~%o ©
FAZE 9hE7] ¢te g FHEE g F Ao 4T RS AAsEATE olofA
LEE AEAA 55-60°CollM ok 343t
TEES A7 2&ELVE AR 5T FRES ddEs A £ 60T

=
o ZSb ovenoll A 24A17F Axd H @e T Bt Eobyt 3 PAI EFHES
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MDA

NMP

TMAc } 3
T™MA

Solution

Polyamide amic acid

(PAAC)

Distilled water

Precipitation (Densification)

Warning blender

Dehydrator

Vacuum oven

Sieve

Figure 3-12 717]

I

Powdering

i

Washing and Filtration

|

Drying

l

Sieving

PAI powder .
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uh F9. wolg 8 PAI 4 Az (JOL #H-&-2f )

2 %A mechanical stirrer, No gas inlet/out let o] #2¥ 10L9] W& 7o Ny gasE
A4 8] %3}7\] F1H A 1001.04g9] MDI (4.0 mole) 2+ 76852g¢] TMA (4.0mole), 4.379%g
o] NMP % 21628¢ (5mol%)2] m-cresol®& ¥il A3 $&3te] 140°C7HA] =2st=T
ok A7 Ax A&FPeH £ F 140°ColA 6412 wkg3taAth

ArEEE oF 150 rpmelged H-gole A A gpoyd A FHE diewt
Moz vyt EFurgo] Tud Ao Aoz uHA Hrh ¥§ ¥ AHFUVE
ALgElel Batn AHEL dags g3t & 80T 7Y ovenoll A 484]

o
A
P
o

o 92y 14 SZAE PAL $AAZE (10LH-E-2 o)

© 57, mechanical stirrer, N2 gas inlet/out let 5°] #2rd 1009 ¥k&7lel N2 gasE
A8 Eoal7)1E A 1001.04g9] MDI (4.0 mole) ¢+ 76852g¢] TMA (4.0mole), 4.37%g
°] NMP 2 21628¢ (5mol%)9] m-cresol®& ¥ i AA3) 53t 140°C7HA] EEshet)
oF 217t AT AEFHey £8 F 140°Col A TAIZE WS-8k

e B p&EUE AL Bgstn AHES 4SS o F 80T T
ovendl| Al 48A17F AZE T 9L =T Buabol PAIE A F& BAAo=Z AHAHY

:g__g_-g],oq HH@—}_@% Q%“E}%Eﬂ 0]%‘5‘}9?\&]'-

(1) PAI &2 Az 271 HA

B A7 ME 77 T8¢ PAL AIZ2AE FHshy] st ot Alx 220 wste] wet
A 23 AFE Table 3-14, 15, 16, 1741 F skt

-77_



Table 3- 14 7171284 PAIAIZ 23 (D
Hajak \ci
BT gsza | Zgus | az Acid
Code ZAA =(0) =0) IV(dL/g)| DI (%) | value
(mol %) = = (mg/KOH)
AIK-00 | 5 25°C/4hr | 70 55 0.24 % 118
AIK-01 4 50°C/4hr 50 60 0.28 33 107
AIK-02 6 55°C/3hr 58 60 0.26 33 107
ATK-03 5 10°C/dhr 60 60 0.24 10 143
AIK~04 3 50°C/2.5 65 60 0.31 43 91
AIK-05 12 50°C/2 71 60 0.22 10 142
Amoco
0237 50 &0
Al-10
Table 3-15 7|712E-8 PAI EAEN (D)
Apparent R b .
Cod densit Bwtd | AHAPZE ZH 94| Tg | Fortcup EAC H
© Y Heame | (SC w9 | om) | (O | AE(E) 2457}
(g/em™) ‘
(No 4)
E 8 gAEl
AIK-00 | 041 345 89 217 266 83 HFdhg &,
Hiel o5
$AFE Fot
TESAE T
AIK-03 | 0.33 465 91 250 274 46 Y H2Eg
7 943 g%
B9 45
Amoco
0.47 378 90 422 280 83
Al-10

a 260 °C TGA (isothermal)

b ZHEY WAE A=




Table 3-16  7|7]|2®§ PAIAZE Z3 ()
R - S5 25%
Code ZAZA R NMP IV(dL/g) | DI (%)
{mol %) {cps) LA
KEFE-5 4 50°C-3hr 11,000 590 0.265 29
KF-8 7 50°C~5hr - 480 0.243 28
KF-9 7 60°C-3hr - 210 0.210 51
KF-15 7 80°C-25hr | ~ 370 0.235 45
KF-10 35 RT- 6hr 9,700 430 0.229 10
KF-12 3 RT- 6hr 10,200 450 0.236 8.0
Am
meco 330 0.237 50
Al-10
Table 3-17 7|7} ZE4 PAI B4 4 (1D
Apparent| a b 5
Cod donsit 25wt | AR Z+F 44| Fortcup g =
0 1O s ame | (sC wise) | ppm) | AEGE)|  =amt
(g/em™)
(No 4)
‘AT Fou
M . - 64
KF-8 0.37 450 90 SEadE Ho
fAYE Ao
ZESAE H
KF-15 | 035 370 90 237 76 9w Fags
0 43E %3
39 s
Amoco
0.47 378 90 422 83
AI-10
(2) PAI =% 38 & B4 7t
£ A7dMe 77178 S AE 47199 ggses gEeg Az PAI 84
P& FYict. 38 F gy &E, AguEbd, 71 2 KF-159 #rh A9E
of VFERAITE o371 & & e Bkt Zo) field test AH S5 FEA FEE BA

- '79 e




7} A3} (KF-15)

(&)

Table 3-18

) o™~
i oln = <
o o of o i = ofn = w®
s Ww olp w‘w‘h w ol - T ofn) % x.W.. wr o == & < = T %o W w.
H © < zo 2 mﬁ TH| %o mw Wm H KO T wr (5 & %0 o = e O e op i o
W |, & I P B B N | & R N 4
7 et ) <°l 0 o3 B i "} e % )
oA P < I T I s L A A R A A 1
~ S o o o|T ! o < e < Lo ; T E
¢ & ’ ar CH 5 ® A O GO, N N
g s £
1%: ° fond 05 - =
= B b < =ty STy re!
%o 2 B T b | |ET S5 3 wooEE 7
= T O T o WEm T o WE T v WE H g 285 g€ g o
s S it} MM i ° N = lan] t, jun} o kanl o) v | T iy LB "
W <° = o %o To@r dpjge & omr dpjze TFr op W H o s Tl FEOL
) =) o i T O ON T W R BT Y W T R Wmﬂmo » m_x}. uﬂmﬂ .ﬂ iH
B =T = 2 O R e S o CIES L0 G N N A4
S = S "R W b B 5 %o gk g R oM@ (B 2 %
~ & & () o} o X : a
) 114 4 g
e T fo = ey ™
N < Be ,.mmu < AT MM I ,
o W E T L T =
i HT R4 w...mo ﬁD [ e Y o) m 7
" SRR AN w | 5 Y oS A P
; § — ry v
N < %, A 8 ol i o ® = N x = B
3 © ool g M " £ ) 70 2
0 - Tew = B e S T = 8
”;//1 s o PP L v m...b
R BT R R % 2 R
I - - P g o 94 e 0 e
F BN ; iy - i
Jam e RlERTE N ) R E ¢ 9% 5T
BB e w3 o B e ° S B - T |2
B ow Tk o | HET sk Y T i =7 S T _|%
® ! = i 1 e ot ;
Ca RO P o E e N T U N I o S
X I A m R R =g ~ M ) o w0 o o sl 8
’ O i g e
Tl axz®l 0 g . i o il ® ool
R ey " m R T Ao i ax o.t ovad & 0y ~ =
o « A [ ES R R F4y < 4 B B
! 24 o o O = o Lo oo - i . We i
x o o - AR m P ~ .z ~ Y W »a ‘m.: m/.u =x w o ﬂ
N PRIV AR 0 o % B e 8 = - 0
S . e F r i
NN ke T gy _mm = - op ww - ol ® pi =
Home ® e |8 R g | oo Ho or T LN
G B f s Sl SR P s 8 = = o w = £ M
,@ g 5 T |2
ol LA ° 7o o e %o = Awizh BB g \mm m.m wwm
w0l 7 ™ e - oF A A T - i RS o
el Lo N b m i} ~ gl ‘mL 1A
w MQ ﬂwu, = = = B & B o~
~<

._8{}_~



(3) &8 Z®8 PAI

gew 2 A7

A Az =4
: TMAc % MDA, &7 :
D 60°C 25 hr

NMP

- A Z2-A 9 H7PR TMA 7 mol%E TMAcY &7 £8ste] A3
H7Hg

- AR} FFSA 24AEG 12 EEE Fyste] 2R 95 E 2
0.35g/cm’ ol o2 Ax§

- 223 @ A - 04 BUd AXNE AMESEY 50-60pme] U2 2o
& 5§ n&ERIE o] &3te] pHYY of A H& F4H0E € wrix AHE
A% BTAUE ZEe oA 60T/24A17 st} ¥ A Fo] J0wt,

- /A 023-024dL/g, IR =FE © 45%, 25% NMP £H4HE : 350-400 cps

- AEG AT 3% o) FYS 2HNA WHEEte BAF (ZRAE)] 005
Brel oatE e Ad4E AT

- 100L scale® PAI Az ¢usto 28 FU33

(4) FguE o8
T

A7 fey 87 3FH
7t 983 AMgEE

&E

FH717]

ZHEAZ TMAE

28§ PAI Az
o] 83 232 Lab scale o]\ pilot scale o)A]e] 2L F
48 el MAREe] dx
MDA TMAc®]

7b AREH o] FiA Al M=
BEFYE M) FHE0E 278 olE
YEE ARESI FAF AR sFste & TMAcS MDA g3ulE w3t

=3 34

ANHozH AL 2T 5 3lo] o8 F3I FHHEE st
Table 3-19 =3}
TE PAI-02-0501|PAI-02-0502|PAI-02-0601 H] 31
5 40% 42% 50% ARz} FE BE
3] 1/1.04 1/1.04 1.04/1 TMAc/MDA
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h Fd=A

- o}

28] (TMAc/MDA) =

1.0 -~

- WEEFE 1 42% - 50 %

A 50rpm

1.04

() PAI AEEA
- 71 A8A AFE bulk density’F ol Zelolml ZER Formulations A 2359&
A gel AT EAHES Feobsla B A7 A0 A Formulationg Al %34tk
@ Formulation test ( DuPont formulation)
Composition Weight
PAI 15
Water 20
Triethylamine
N,N'-Diethylehanol amine
NMP 10
Furfuryl alcohol 18
- 53 &AM
: PAl — Water + NMP (%) — Amine — Furfuryl alcohol
Q HZTAF BENE5
T PAI-02-0501 | PAI-02-0502 | PAI-02-0601 Al-10
FTE 40% 4295 50%
2 (TMAc/MDA) 1/1.04 1/1.04 1.04/1 -
HEHE (25T, 25%) 450 cps 500cps 485 cps 398 cps
Formulation 2 3} No gel Gel No gel No gel
- FRFEEE RO 29 & Buk density?] AFES 1A £2%2 FEE =0 T
M EExAGY FAZE 49%9 888 7HAE AFS AU olul, Bulk densitys
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B2 SR E AR gelo] TSI oW formulation AL PAl TSyt £ufjo)
F71A Rk ayke] MimwA Hab gelo] WAE ST} o T OHRA) W g o=
A= At HF Aol L@ Adto] "l o] E sfasts WHOT PAIY &I E 3

Al THIAE B gelol HAFA w@ATh

fr

- ol T2 2= AIF10 o B4 o9 fAretAl A HUAS sEL Ao
3 JEE Al-100] w9 EFYEn 2 gxiEe] @ol =4 AN FAu g|&

PAIA|Eol w3} =< bulk density & YA Hgo)

)
o

- T BHES vgoZ oy PAI AFSEAIS €498 58 929 Yvgude #
A Specs FrRT 4 AT
Table 3-20 &% AF 4
Properties Specification
Appearance Yellow Powder
Solid Content min 89 %
NMP content Max 5%
H20 content Max 4%
Solution Viscosity(25% NMP) 400 - 600cps
Particle size (£ m) 60 - 80
pH 3.0-40
(th) 33
O £ AFE 53 7159 PAIY Zgloldg 3E A ZAA Formulationt] #A e &

A Wl EAS uword 4 9otk PAL JAY bulk density’} W& -
Formulation 2HA] £dsl= &ui7F PAI gAtel] S5 o] dfdo] &zt 52 Eale

TAE BA B o] Bfole umute] ¢ o] APE & lerg FAHS WA sfoksta

o
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Table 3-21 AR F%e] MDA/TMAc B34

Bx. PAI-02-0201 Bx. PAI-02-0202 Bx. PAI-02-0203
SH2EH [ (MDA/TMAC) 1.04 1.06 1.0?

(W) 2 Test 234

Table 3-22 F4HAE 2o A0

 E iy Bx. PAI-02-0201 | Bx. PAI-02-0202|Bx. PAI-02-0203| AI-10(E}AFAIF)
HEHE(25C, 25%) 204 cps 324 cps 290 cps 305 cps
pH - 3.20 3.02 3.0
& 160ppm 2.7% 3.0% 5%°] 8}
TGA(2607C ,i50.30min) 92.8% 90.7% 89.3% 88.1%

l

- 4R AEE BY ZREzE 109 s A ge Axrt Eevte ARdAE
e RS ddEHM HFTAFAM HEZF d#84 dA oA ¥e AL Bx
PAI-02-0201-> KOH®] A& saltd} Hol HErE "old zieg ddsz  Bx
PAI-02-02029} Bx. PAI-02-0203¢9] H% A NMPEHH FE &2 Q1 zlez g
e},

- Bx. PAI-02-02039] 31&°] & AL EEAT] AFoz o £40] ¢ ¥4
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. Fod wote g PAI

() PAL 8} Al =1 H3F s}

ule & 2]
A ez ST HE(dL/g) el
Code Rl R 5
ZA A A o
(cps) C)
140°C~3hr 13,540 0.37
m~Cresol o
KB-6 140°C-4hr 14,250 0.40
(5mol%) o
140°C-5hr 15.600 0.41 284
m—Cresol o
KB-8 ) 140°C~6hr 0.35 282
{7mol%
m-Cresol 5
KB-10 140°C—-6hr 15,700 0.39 286
(6mol%)
Daineon 0.40, N.D.

(2) PAI 4 H4 Az =7
- @A TMA % MDI (F94), &9 @ NMP
2 AJZF 1 140°C, Shr
- Zuy] 2EA 9 H7PEE m-Cresol 5 mol%E NMPS} &7 £33l whe-d
- ol 9 A nd BUd FXE AMESY 50-604me] VR £
S H nHEFTIE o &std AFEE (B vlEs)
Z o Bt g 7t oM 70°C/2447 ~8ste] PAI AZ2E.
A4 A 1 33 o] FYUE =AM REEste EAF (AFdx)el 005
A5 235 B AL FAF

- AAFH FAS 2AF 2 BEAS ZhE PAIY Azxxrds AUT

Lt

kU

15 ARYAY NI FFoe 2YSA

AT Ads wigxds 245 A

ol A AxH PAISLAES A yg

Bhe A% $54E TYEHS dehiln 9o

I

A
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ot =y A &248 PAI

(1) PAI A Az =31 A8}
B} ek vz A GPC Ax(dL/g)
Code
Z=HA AR Mn Mw
m-Cresol o '
KL-1 140°C~5hr 63,000 110,700 041
(5mol%)
m~-Cresol o _
KL-2 140°C -6hr - - 0.35
(7mol%)
m-Cresol o
KL-3 140°C~7hr 66,000 121,800 0.43
(5mol%)
Moleykote
67,000 123,000 0.43
7409
(2) PAI 73] 5437}
Q .Q.. 1 =) z/g_} }\,‘
Code Tra];ﬂo] =5 8326]' 73?2}&@ 1"H?"T’o LHO}?)‘O LHU]'ELC,
(Tg) (min) (Ibs) (cycle)
KL-1 238 = 180°C/1hr 200 3,500 190,000
KL-2 - A 150°C/1hr 230 3,500 227,000
KL-3 - = 150°C/1hr 280 3,500 230,000
KF-15 - 2 150°C/1hr 195 3,500 248 000
Moleykot
oleyote 283 - - 205 2,500 290,000
7409

A A sand blasting 33, IEE FW oS G324 Hug dA4ANNE FHLE HHY
SAANT W75 9 BAEREY 7)%5S Hoshe Y, 5-15 umA e ey 3R
convetion ovendlA S HE A 7= FA Tl Tk

EAHE v HES 8k steel vee-blockd} steel pin, MFAfole WstE4d W EE

_88._



2A43h= Falex test (ASTM D 2625)9F v|1z@ H&S Sk steel ring} steel block, 2 &A0]9]

Wl e 2R3t LFW-1 Test (ASTM D 2714)%5 9] ¥el dth

BAFgME ) Jod 14 S84 AE GAQ) Y 4 o2 FFeE AAF BHE T

A3 A|AZEA vl= Dow CorningAte] Moleykote 7409 ¢F Hludte] Fagh EAES Ad AL
=

SAHRen 7)7) BEE T Ae BAFE F7HZ £ WolRE PAIE W

T 2 A7} 140°C, Thr
- woky] Z2A A 2 AP m-Cresol 5 mol%E NMPs &7 Este] v

- B23 2 AR A& £ A ARESt 50-60pme] 2712 2
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B7kel b
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WEEE A8 PIA X9
100L 29 AdA d= HFHA
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<2001-2002>
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Al 3 FEER] vle EHAY Vox

7% ok 71&dA 7ldx
A8E PAL 4 -71% 88 PAIFAS Torlone AF 5] oA ALEEHAS
3?‘%% PAI A9] F371go] SREIT
- B d3E B8 AgE AEE PAIFAE EAHNAN £U8 A
dEatol7t glo] FddAL 7
X3 Base s7X]2] 7ol o]FoiR| 5l formulationd+2 %7} 4ol
a}ﬁ} FIWEY X9 £x0] w2 FHEvleo] FRHD UL
- Base X9 FuiZhde] g5 ol wel =l AT &4A ol &
L3t} F714¢) Sxdte] s RS
7171288 PAL 4 -71& 7171288 PAIFAQ AI-102 A Y=o oA ARE-H

ety

-71712 88 PAl $X9] Fi7igo] HrEo] Jydr 87 T
3 B 49 A7 275

- B AFE Fd ed g PAIFAE EAWEAA £
3 Aol glo] £AdA e

- Base +219] Iuji7ide] gl wet s @AY &fA ol &
g3t F7149 Sxdo] sHEslFe

rid,

Al

i)

o4 ol & PAIFA [-F2Y wolgg PIFX7t Iulzide] Ao} formulation’d el Al
A% s oA AMEEHAS

-299 HoleEy PAI $A9 F¥vi&o]l BRI formulationd T2
H7b el wEt aldA 29 fxd BE HEV|E0] FEEHD

- B AFE 5 AgE 7o wolR g PAIFAE
g AFH GeAfelzt sl FF R #UdA Ths
- Base 719} Si7ido] gugel wet U dAZY &4 o8 &
&3t F7HAQL S=AEe] ThssAE.

EA™AA Y

o A GFAE PAl SALEAE PIFAZF Zoigel HA%} formulationdEASA 2
7] % 5ol Sl A AEHAE

~TASEA L PAL 49 7140l FHET formulationsd 72 37}
e wel TUdA X9 fx0] g A&V|sc] FEHN UF

- B 432 Ea shdE oAwolsld PAISA formulation® B4
oA ug AFH Aeatolrt glo] FF HA FUdA he

- Base A9} Ijrjate] ¢zl wel =g AV EHA olE B
g3t F7HE ool Ve AE
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-84 PAI £X9 987} sonE AARE ity =34 48
o 22 A7HY ARE o83 Ve ¥R ¥ 4%t 878
- A¥8E PAL £A AHAAZE GAskd dAl e formulation 74
dA] 7lexdo]l 8+4%

- Il ARRHAY A NEAE FEA GAE v B YesE
ol 2uz old i3t 7}37]e Aol 87 E

-FE& PA] $%9 98/ o8 AN L 9t 234 Y8
o & A7E YEE o83 FHUIe X ¢ EAYUP 848
-] ZEE A ARRAY #R7F duwdoes Fop gAleTF
formulation 7§84 7j&x]| Yol S +¢

- W A 7RI Adyez Fong AR /o] a7H. 8
9] User &7 AR} F5& 3l F7idielre] F718Q AgAatel
L7

F29 Ho}y & PAIFA

-dlo}g& PAI 49 98/P) sorg AAAE sl F34F &
T} 22 A7ty Y8 E o8¢ T8I gH ¥ EAWL 87 E
-] ZEE A ARRGAY RE7F dRkEoz zop fgAeT
formulation 7WA} 7] go] 2+

- 3y A RV duEez Hoog oA el ad. 3l
9] User 87 Al $5& 98l FridgieAe] #7180 AgAAke]
874

~ 39 Userd] A9 formulation &7A F7+4<) formulation 7))

g = ojof o

by 317 S84 PAI
TFA

~wlolg & PAI A9 M8/PF 2oBE HALES st 3 d
S ZL A7HE dRE o8 TUe ¥ 4 EAWIPT 874
-SW FZEE FA ARSAAS] Rz diRoes o gAlaT
formulation 7§&A] 71E A ¢l 874

- U A ARV Auder Feug AR /f3e] a7H. )
9} User &7 AR $5& s3] avidielMel 37h2el AgAstel]
27E
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Al 2d 8 a7l 38

7)zH-of F&5ok
488 PAL 4% =717 PAT £R9) 9k $871%¢ 2 Formulation”]4-& Vespel#

22 Pl £ FF e A8+ U
-71%E " 498 PAI 3¢ Formulation 7l&2 IWEE A9 of
& 712 I $Fol ot eEol IEA $A9 formulations] &
7Fs ¥
- A4%¥4 PAI #2419 7tE7lEe

A A 7hgel A

£ ZEeESY g2 1lg 3 8§ Us
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FU7t 7k

“ne % gl 48 49 WD P BB Popzel Hgo) 75
AR v EY S ARk Hgol 7

T2 Woly & PAISFA

-0} g 712 £ 2 formulationo] FEP wE} T wols &
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A 6z AFNLUAN M +EIBF sfel A5t Js FE

1L qE

42 2% 2Fo 293, 293, 1Y A0 o $EY 2o YoM P2

& FAA FRYSA AL A F, 7EE WA FHezE () WY A
59 B QAEH o] Aol oHE AT A WFel I () NAF
Aol Ws) WAl Yol stressE WE WA BAAY £ o} A SANE B
zgo] 7salH, (i) olWAel e B A% TAATl VOB BE/ FF vE
o N4AAE AW B4 BAY 47} Ak TR (v) ] AR OE o|FAR
5¢ goad AT A2 & AL B UF (v AFA SAol B} glue lineo] H7]
AE4, FEAVATY 2 2pHY B4 RAY S Qorl, (vi) FRET B
o YT vges FPANL £ UtE Polth 58 2 SolNE 2F ¥E 4F
8, 2428 247 &8 H3, A2 29 2 AF71E0] AgHA gt A A
AARG JEHS ANAsel 29 724 UE WA o 277 F53) Fu4

J

olgid IUE HIAAL 53] FFV| A4, AFA, AV - JAVIT AF AP

A ol&51 Atk F, AFA BopolMe] ARAFe 223H1507200C) o w

2} ou E3] ceramic engine®] 2&3ld Z¢ Hoh

S WEAS zZte nUg AFAAY 22% Aol 1 A - AARFY 5ol

= n3Hs, n&¥so] e 4 GAYEY F7HE 1507180T e WEAHE e BAA

7b 27E 3 Uk 3] EolvjmA nuld HAAR FAe AAA AEE 2EA &
Ha

A |
of WA /A BAE A HAFD 2AZA FF F5T FAF

-
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2. F9] BEE ¥
7h =e] A7NE S

g dB 2 8o MAZNAE 19503 HEE WA epoxy-phenoldl AZHA| R}

E4% 71AA FAol 5T IWE HFAA NLATFE fé%l@ﬁ ston, 42FA A
EATE 19609 e 2ASHAT v E MMM-A-132¢] 2w 7224 3
A Ele AYHUARC] AHELxd o 45752 EREM, WEd FHAAe
MMM-A-132 79 Type IVl &3th A= 275E UE ¢z o oo ¥
g} Zo] EHFHoh

Table 6-1. &€ H&AA 9 +E(US MMM-A-132)

T WEEE HAT) L7 el 7iE
Type 1 82 82Tl 108
Type 1I 82-149 82-149C oA 192413
149-260Cell A} 192413 &
I -
Type I 148~260 260C M 105
Type IV 260< 260°Col A 192712

ol2} Table oA B 4 SU%°], polybenzimidazole (PBI), polyquinoxazoline (PQ),
polyphenylquinoxazoline (PPQ) % polyimide (PDE°] A7IA /Mdd g HEASFX
old, o]FME 7 WEZQA Fert PIA HAA L Pl 54 WIFHo|RE
WIS (Ee LFE tolhAoo|E)E HF st Axsted o) k4] ®
F8 FE7t 7tk &, PIA HAEAE A 47124 PL X9 €334 PIFA|:
vt €7124 $A% oA LARC-TPI® (Mitsui Chemica) & thE 5 & 7184 W
Zgjolul= 429} GE plastico] /B3t silicone/imided] HA&AAZ EFHY. Ax =

o]
4
gaol = ol AAYA PAAS TYF F ¢UH 2 sHEn Jeow @

Ao

Astd HF FAol gadE HIYFL /AT gon B Ade 7AH FEY
o] $2=3lo] Z+E Zo] )3 HAAo] $4Eln FHYE AAAHARE B3 G
A elastomer®A] AREEITH

fe=hy-1

=

234 PIFAE dA] F7HAE BREHer BaEs e ethynyl 7] S0 TFd #

!
ox
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7V PIFAe HAAFZAHEF STPEol FidEe H}Y PIFAR ERE 5 U4
National Starch & Chemical A}8] Thermid®2 HEHE 2718 PIFEAE 234 sLE
ol APHA Ko, Ayt #5714 FF %
ol ot} TRt A-LolE Monsanto® Skybond®7F WiEAIT, A4dlF oz e 717
ol frelstAet, AstA] S} HIRAET FALAR WiEHe @3 E 7HA T Aok
Hel Bl B 4 gl%¢], polybenzimidazole (PBI), polyquinoxazoline (PQ),
polyphenylquinoxazoline (PPQ) ¥ polyimide (PD%°] @A7A /A8 2lE H&EFA
olg], olFM%T g uiEAHA Feir} PIA FFAA Y. Pl 54 WEFFHoR4EH
WEFEToRl(Ee WES tolaAopo]E)S H{FRet Alxdted o A d
. &, PIA AFA= A €724 PL #A9% 7434 PIFA
Utk d7144 $£xE oAl LARC-TPI® (Mitsui Chemical) 2 WEHE 7184 FF&F
Zgloln = $£X 9 GE plasticol 7§13 silicone/imided] H&AA2 EFIo. A= &
gldo] £x oldola AR FAAE TR F GHH & ¥t Frer &
43t HFF FHol ¢uHE HATE /AT deH T F
gAol 58t Z4F F&o] g FFAFol sk %
&4 elastomerE X4 AMEE T} )
7334 PIFAE 94 B R ERHed 438 & AE ethynyl 7] Fo] £7
g 2718 PIFAS FA3AF 5P NS0l FuHE SH}I P
National Starch & Chemical At} Thermid®2 ¥ HE 2718 PIFAE A4 HALE
Ho] WA gtony Arts BFY T wet Aers A9E 5 Ad=e F
Aol 9k ETxle] %o Monsanto® Skybond®7F WiEZ Y, Ay e g e 7pA
ol felatA, AaAl Sl SFPRXAETFTY LRl MiEHE SHE 7R Ao

£
A
oX,
i)
re
K1
el
=
vt
ek
¥
%8
v
rir

b

f

o
Ho
ot
ug 0
2
o
oX,
tlo
8
o
ol
i1
-

r

ol el A AHE whel Zo] PIA HAAE A FAde 24 EAFIES AT A&5H
A A77t ARed, dAdE nld HAAT HAL A FRAA £AHE fEs

Astel $BF A7 £PH 3 Yok
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Table 6-2. & FZ2& FFAY AL JA}

Arels A2 H A 7Hs & =(T)
10+ 100+
1956  Modified epoxy-phenolics 316 232
1964  Polybenzimidazole(PBID 538 316
1965  Polyimide(PI) 371 316
1970 Polyquinoxazoline 538 316
1971  Polypheylguinoxazoline 316 316
1974  Polyarylsulfone 260 26
1975 Acetylene-terminated imide 316 316
1975  LARC-TPI 232 232
1978  Norbornene-terminated imide 316 260
1978 NR-150B type PI 316 316
1981  Acetylene-terminated phenyl quinoxazoline 288 260
1983 Polyphenylquinoxalines with phenylethynyl 39 999
groups
1985  Semi-IPN PI 232 232
1886  Polyarylene ether 232 232

Table 6-3. PIAl W€ HAA Y &7

7FeA WS PIAl 424

2748 P A 44
AREYH P A

PIA & A=A
B PIA X
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42y AT 5%

A lel= oF 400-50070 9] HHA AzxA7E G dovt olE dREL I3 o
AR Ta7de2x HE FAAET Adstn ldh &, FuldA A4 AdED e
HEAAE F=2 oladd), ZuldoldEcEA, AoleoladA 9 F$d
Type IAl AHAZF ol H2 Eojror Hr4 AFA, otzdA 724 HE
ol dF EHI] A F3 YA T o] HA] Type A9 HHAE Bolbx Relzn e
Aot aglx ofy 744 IeiMe T8 THE FZ A B dFe 2HGA ]
B FAIA A, FAA 2T AAMEE PIA FAA N #F 537 Ay
2ok Aok oAl AT AFUE ZA TASA Fe olfE VeAd A 2 AdAANY
22 #E AT F5A7Y ool FoEG & Feadeln, = t& olfE
= AFA GAZE AUAA FAst Jlesge] o] ¢lr] WEolch =g HAAE
2 WE g due T2 Add 29 de A= & Ao
2 AFA Y FYysart H2 32X gvde AR 244 /e A8 A4
O

i)

o

obefe] Hol ulx, @ Z dE Pl 9 £5 ¢ AZFlE Yehligon [
A% PIAl 728 WE HAFAs 38T 7%ol49 87 AFZgn gtk 49 AgE
2004717 A3 155%9] AAe] ¢ad=d.

o] glojAM ol PIAl F2& WY AFAA Assmd AL dge B 9 2t
AR PIA 728 HaA A de] AFeEH+= AL Monsanto AFY] <Skybond>$} Lenzig
ARS] <P8A>F-olW A7), AAEAS] =7 7bE Bk 53 diEA WA PIAl FHA
A LOC (Lead On Chip)® taped] A5 Zul ¥t=d] gA AMEFHE S/ 2
o™, 16MDRAM °lf2+ LOCY o] FF3tn Utk @A = L9 dF&Ee

Hitachi, Suminoto 5 &% AA7/GoezBE 9 £¢d &3t U= Ao}
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Table 6-4. v]22] PI 44 8 33 % o=

United States

Metric Tons

Average Annual Rate,

1999 2004 1999-2004 (%)
Molding Resin/Parts 839 1,070 5.0
Wire Enamels 1,032 1,134 19
Films 692 912 5.7
Fiber 165 245 8.1
Prepregs/Composite 272 308 25
Coating 159 204 5.0
Adhesives 27 36 6.0
Foams 912 111 4.1
Total (excluding Ultem®™) 3,227 4,021 42
Aurum® 68 113 10.7
Ultem® 9,072 13,608 8.4
Total (including Ultem™) 12,417 17,742 7.4

Table 6-5. &< Pl 2 48 A% 2 o=

Western Europe

Metric Tons

Average Annual Rate,

1999 2004 1999-2004 (%)
Molding Resin/Parts 766 1,274 10.7
Wire Enamels 1,637 1,664 05
Films 277 342 4.3
Fiber 265 355 6
Prepregs/Composite 294 377 5.1
Coating® - - _
Adhesives 89 183 165
Other 46 64 6.8
Total (including Ultem ) 3,340 4,239 49

1. Believed to be included under Other



Table 6-6. £ Pl 4 8 3 2 A=

Japan
Metric Tons Average Annual Rate,
1999 2004 1999-2004 (2¢6)
Molding Resin/Parts 2,160 2,980 6.6
Wire Enamels 123 136 2
Films 1,000 1,469 3
Fiber 25 91 29
Prepregs/Composite’ - - -
Coating 23 28 4
Adhesives” - -~ -
Total (including Ultem®) 3,331 4,704 7.1

a. Included under Molding Resin/Parts
b. Included under Coatings

Table 7-7. vl=of] glo] HEAF 2 Ao W& 98-1999(%)

Imdustral/ Commecial Electrical/
Military . . Other  Total
Mechanical Aerospace Electronics

Molding Resins 25 40 15 - 20 100%
Wire Enamels - 7 3 90 - 100%
Films 20 25 10 35 10 100%

Fibers - 88 - 2 10 100%
Prepregs/Composite 25 - 10 65" - 1009
Coatings - 60 - 10 30° 1009
Adhesives 10 - 10 80 - 100%
Foams 70 5 25 - - 100%

a. Most of this is for BMI printed wiring board; the majority is for .commeicial aerospace
application
b. Most of this is for coatings for decorative application

- 109 -



3. 7l A
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A FEEA A% A aEs 6) AL AT FEstd A7 AL A
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g} o] B4 5 Sujo] oid BeAdog <8 e Ao Aok AA7A PNI
v 23 #HEA vt H%E Bolth ofd] tid] vlavoleZ R UANFEATA
(R23nh), Ad#H sl (B2aan)), Eaansyd, oflae&dgn(n)e] a+
T2 7449 @ FAATE] dwHd #7189 DMF, DMSO, THF, CHCl; &9
= PNIE 43t o] &gl &8s H93t7] 93 A7EL n&EA A& &
A7t & HE7E =499 #5d A3 =98 o] AlEE PNIE 533 4 9
dolg e w2tz gdll) A48l 4.4 -bis[tetraphenyl-(4,5-dicarboxynaphth-1-y1)
phenyl benzophenonel®] dianhydride® W3S tiolgls} whgAlA AzdY, A7E
29 H7)(bulky)dt Z7|(side group), ®WE3I ZAF(hinge link), ME TE o]AA
(isomeric) 2 FE-L AMEY FXRE =<&3HA BHEC of EXTF A2 A gk F
Aol XA e o FAHAIEXELS PNIY EHHA 5AA =g A
AYa Aot ARE F sl HEZod wal o] iAo A3l 3807426 Tol
olgtt. EEa7t dolur] AFste £xE R © Eo} o= B 7IA 6607680
C, 871 FollA 5527623 Colth. d7HEL A3 F Fej2 59 Aol7}h vi¢ ZB =2 PNI
€ TR E FE F Ug R Erh o] AR TE BELS Ao +5E ¥

g oolUe BoloE Fod, AW Yo e xad FPL Wk

TUOJ

h}(}ﬂ

{

A0} Fetso] WA S AT A4S B AQ A2 Eolr=g
FAsHAT o) T AA-NEAT -2 A FPT 7 A ol Iyl S48

TEAE BT FAT 1824 ARER olFojAt. WEAe] JH 2 IEA EEL 9

s2Hdianhydride)# W&E tjoluizlte] wkg-o g FAHE Eojn=E Axoh &
golu|=x 600 CT7HA Ay <fzbe] AFEAvhE By oot ey o] BFL B4
I A9 glen 23 XM FEHAHEZRZI AT 1
Macromolecular Chem.)9] Vliadislav V. Kudryavtsev i< d7g2 Zgolvj=e Y4g
ol o1 BAzAa Fxo ojgA oEsertE APtk 152 Buk §4¢ 0]
n =2 437 8l 4-(4-obr ) Z2AHAPA)S dEAlR 3o A2 nEAC
Z(p-Fldah)zgolul=g FAsIPTE REY A Folvzete g o 4RE
TRz Al 25 wt Y] FAHLAR o]FojHleh ol v ez <
Baiol 3e-8%A(conformational mobility)2 Z7}sle] BEL AAHO T FUF

Il
ok AlthrE geka) el AsRA o] & (zwitterion) TEE Q3] FHAE AA R &3 3L

O

.:'1.‘..."

Ay
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THOE AY 1EAE FAE & Aot gEbA §EL WS tdEte & 5 9A-APA
9] 3 ®Z3H(homocondensation)® 7}E = 3(cyclization)-2 $ZHTE dojzxd mEAY
HWEAL tEs] -3t 580 T7A 7HEA] A#EAL 5% B33t 600 T2 7
& A9 10%9 AFEAE BAY dFES X-4 AdY o2 ol 1

Ttd e, 282 v ZX Y (mesomorphic) ¥ e 2 %%?}_(hémogeneous structure) &
AU Atk ols "Eol FAF 71 (local tension) LZHE AF29 B HIJLE
AdE oujgty. A7ES T o] Eon=E FES 97 2xoA 44l I &
At B 2EE AABIAT 2 A o] A2 nEAE AT o] ohE BHE
4 EYolv =R E 310 MPa)sHE A& SAld E4 o &4o] Ate ;i
Eo] ¥ W3 E(tearing deformation)t 53%E Uwt Zglojm =9

- QB FUETHLE ZFolvl= £ FolilA HFHQA FAE AL Utk HE
SAAA Al % nFyx AYEY ZEojus IFA(H2)E ALrIE do F
e EFolvi=gt e Fxrt wolAW HAol F7hske ARl A ol A
TE Yie 2 oA FE7E 9 oyt @oh & VA, AYH EAo] Hojvn

)

Ze Are) 2712888 4T
el skl Zelolmsixe] BHAME AT @ AUs HYES Fe)wA
U oo 484, wEa 5 AF §3& AYNIE Ao £2 SoE gk &
e e Zeloljss s (UonlE<ys>, £ YRR (Holus He

sz rarel fEA)e} Au
WA A ANl ARE EASS Aojste S4A A%
Solution, oz AZE Zejolw=sk gol. A27xe] Eelolpl=itg (2o A
o duwosl nud TALNZRE fa53e] oF zlo] dwkAolqrh 2t Y

)

k=]
=}
29 FR(FAY nFREL)E LW 899 FA= FrietH, FHEAHNE A=

o,
o
opp
o
=
=2
o
)
L
T,
K
s
~{t
e
r
>
il
juith
o%
o
pu)
e
%k



U2 gtE =371 F83te F4 Aty Z2EV FolxEe 290 Holgoh SUE}
o Efolvl=x FHEFER 2L TRolAA HAL woldtz Aojdth & ndFAEY
ALY, ARdE, AFFUEE BAEAAE Hojuth mEd, X 359 94
A% ARIAE Holu Azxrt 2 o Jhesith E F&oy Ages, o8
THY 7154 B Uik 7hesich & AlE aEol=dAME 71E adgol= oo 34l
T(ERE) S olHUF(HEEM Y 3930TYy §3E& e 1EAEFS 2Fa

e ARRAEAA A § Atk FAAE \%Oéi%ﬁ%%zm ydz"A, g g3
A-E85 T B4 @ AlFsta e, oln UREE AN &84 - 34

A ZelZEgaE NASAATAS FUEIFtoHRITE 35 st x, ol&
=

= AAE FUsE Aol d8 TH U2AFERMY 10% FHE SEL S Ao
o e

ZHUE 3 Z(FPC) 7igolu} IC 24AE € ol
j Zolr} =#Ho] -

o N

i

A Aol WA Y] Wi, ¥ WY Fd® AY & Avk 7Y F sgeMe ¥
- $F8 Aol AHE RE AAA, 24E e n

2AZA AHEHR ded, ¥H 229 ¥R Fae JAsL Ao

FPC, TAB® : 3t d&

X
Ir

o] 93 #&
B}, o] wEo zhAle A BE 74 24 F4F Ao Eoiztd



BASHL AW 56080l AUk WAsh BYol BHE WEo2 AMGE $RFRL

9o 57 M2 AN 1508 Y A8E A4, AA AN L AN RELZ B

l2¥th. 422 FPCE PDA § 71 £59 ddiv A3 FoplMe ITS(nEER
AEANEFDAA AEHE AN JldET Ao & TABE FF9 43 taFgol

758 IC H71A] 9oll, LSI #71A9] w438 #F & de BGANAM 27} 7=
A o] W] ZYen=dER FH%Y Aol ZIdEHL ded TFHL gEl
HEHZ A7t @Ay AGAFL] 713 ez e84 T55, B 99
29 AE T HHE Y AR AiHe FFE BoaF
2 AN =Yl - FEFL AT AZe FAe FAA F¥A FPC 71#E
ojglefl w5 FF B4 adel= FAwbz Are I5S FIY FAsEdLe A
ALS THANA dBY 3AE F 240N BE&EFS, UHAE OFF 2% AT 3
o2 8o TABY LOC "oz, £ ad#o=§ Azt = v5 AYH w& HH
A AAE FHAIZY. TABY LOC Helxol 23§ Hole 554 2000877
| THE QAN 69 EoR FYATIE T, AN AAY EFoly nlm YPes #F
& 22Y AAE 7HEAIH.

&)

O

il

r

HZ A 7% A A Apde] ZF WA wig EdeiA s vk O T
M A who] o3t v B 24 (Membrane separation process)S o] @& 4
7t gi7) wEe] 22 A U ¥t Bz, Aol Fov, o A7t FRE
7bEAol Zolaty] Wio] Afss 2 AA me WA, AT ook, gary wel
T 3-8 7heAol Jom 53], Ho Erge B #u sheAd, dul FAs
& vlgo] HA =& Fyol it HT Hd JT aAY AT sEe] ZH el v
S @dsiA RYHEa Jdh 2 FAME A el o3 7 £ F4 (Membrane
separation process)E 2lo] wr& A ®Wsl7} Q17] Wl Bl Al ouAe &ulzt A
I, AdEgol Fow, w Agst FRED JhFAe] &olEy] wiEel MFHs ¥ PA
T ukEA, A, ook o5y S g &8 sheAdel den 53], doll Bt

gdel 2ol sbsA, A Tas 84 vl 24 =& FHel ok

|
o
n:2

Of

kA

o
?
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fr

ol213 A o3 Ea
%} (interphase), & 4}

o2 HE AAR o

o 7A] ey Ao olg g MdFog A= FA
I 371A] e F7HA o] 4 (phase)& EE|3ts Wy
L, FRAF S0l Fo] Hol BEde] Exsle Aog 7}
e F-£x9 zolof s Bl dojdth.  wEkA ol A oW EAx 2
ANOE AMRE 4 o), dAAdez H83 HY fEME 2HR ARy S4
=AY A9 F a4, 94, 71AH, 53 AAA, Az fol4 L Az 714 %ol

A Hop doh. oz AN EEE AREAM mEA o] Hol ALGHoA|
I U FEA 2EA ABEEE polyacetylene, poly(vinyltrimethylsilane), PPO, PC,
PSF 3 PI Fo] 2 AFHAY o] &5 Ut}
I oA Pl & FHAGEE e 52 VIAA Zx, ned g ¢ i
24 # &l g #5HA G E Z YA VA EET AREH & BHE =
oq ok gy R3ASr} vind @] v 534 AFt & Pl A
Z38t7] 9% =¥o] FAFHI Utk T ¥ PIY 4] PAIE A3 AREME
olv] FHs FAZNE Bty MNARAT AR2A B2 A77F AAHA Ygskoyt
- 7hsAdel & SHEA dEA glo] 19909 RE BAA] A7t A Ao

9 ul= Air Products and Chemicals. Inc.s 2 A7 & o3 Mdd AHEFH
Holl ok PAL A2yl #AE Yelhlo] FF5ATFE ¥ secrecy agreement © 1996
d 108l et FoE HEd g2t F3 HH @ 54 tiste] od 4 AR
& o H 2 d79 Figure 9 route (a) o we} ofv] AP HAsl L#e] AAE

S Hulo] FAbel EABIIE S A wig YEditke BUEE Wol FFEIATE A
& FAHA FAE APy A, 4 1 ked FF 2o APCIY 279 w5
TEZ 53 Azt FFEATH

£ AFEHAME dHFAE Azxsd FHREAS & AHFEReE FHANT= B
W & two-pot system¥ GEFAE Azxste] EHAAGC] FE S A&st T
A7) one-pot systemO 2 Urol TS AASNY FEwE A oA &
4 2 S-S FY el A FAAFIE one-pot systemSE A XS FLIE T

ol Bdm Aol so3 BuEo o] WHow Fr ATE UASdh

do

i

g zﬂ A) ol

[‘

JHF TGl 9@ Bl oAb B A oFS dAHos AP

A4 (interphase), & 2o o8] d7}A =& F71A olAe A (phase)S £33
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FHoeM 9e FARZ @ 4R, w2a o] FYo| Hol 2Zo] FHste RoE
7V AR 3 £xo Hold] o FEjrb doldth  wEkx ofd FEY oW EF:
2egtes AMgE o, dAdoz 483 Y| AsiME 2 Ame 54,
5 229 A998 T34, €4, 714, 354 A, Az &old # Ax sHFFo
7 meisoiAol gtk ol2d WA BAY AMREA IEA To] Bo] ARE-H

X

otk fEld 2BEA AQABEEE polyacetylene, poly(vinyltrimethylsilane), PPO,
PC, PSF & PI §°] & AFHAY ol &= Slh
FAA Ple & SRAGAYE bl 2 7Y 2%, 224 i ¢
2 Sofol] digk et QAL Ztm glelA V1A BT AREH & S
Ak Y FRAFE viay @] gEe] £3 A7t %€ Polyimide
ARIA ARS7] 93 =go] AFH3 Atk £ W4 PIe ¢F< PAI= A& A
FEE2ME oln] 4 P xE EFL JAEHY AEEAM B
geton} g sheAe] & EFaA 4 flof 1990duREH BAAU A7 J¥
H3 ok

A uj= Air Products and Chemicals. Inc (APCD & £ AFH| o3 /AL
HAZEY (KRICT process) o 218 PAI Azl #4E Ugdo F5d+E AT
secrecy agreement o 19961 10¥€o] M=Halgitt. g Wio wel S UY 2 E
Aol tdle] od ¢ ARwES I 5 B AFE TN Figure 3-5 9 route (a) o wz}
dul AFe HAAste) 2% AAFE Buo] BA EAEIE AT A o F
TiltE HrhE wel FEATFE AT FAAAL 98 JWE A, ¥4 1 kge T
a3 gete APCIS] 879 wg 10L FEE 53 Axde F53 8 Uk

B A7 E GFAE ARsy 8 FAT T KRICT process® FHA7 =
W 2 two-pot system¥} GHAE Azsted EejAA glol TY WA A%
ZAFIE onepot systemOE Uo] Fuee AAstg. S 2o GEA
g4 2 FHNLL FY wrgrlold IPAFE one-pot systemO B A EF -7t

=

FEE7t B33 Aol woha #dHe] o] Wyeg F2 A4S AASAG

K

b =
o 2
o%

=3
i
o

!

3!
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Table 6-1. KRICT process®l €3t ¥2]9+8 PAI A% (10L Scale-up)

Code |Temp/Time| Washing | Vac.60C-24h, | Thermal treatment 7 inh(dL/g)
(oC-hr) solvent 7 inh(dL/g) (°C-hr)

AT-12-1|  70-4 H20 0.45 265-4.5 0.56
~12-2 70-4 H20 0.46 260-4 0.50
-12-3 70-4 H20 0.47 260-4 054
~12-4 70-4 H20 0.45 260-3 0.52
~-12-6 70-4 H20 0.43 260-3.5 0.57

A71M & F URe] B ATHAA

AA Az & F de HAFE 24L& TG AxE PAIE &vd 59

casting@ ¥} toughd Z4 filme 4T Z71ES 2T o 420°C oAt
ol= APCISAIM HE 2497t €

0{

st KRICTHO &g nRat#e] PAIE 4414

film

Ui 3 A7vNEd Felshd 483 vtw

$ e n
83
FFS 100 L o]AFe]l #E& KRICT process 9% HZF 21 FEL F3T ooz

aEA AF Jd8HAE Faoleud EA4S e LEA HE AR AHE

3t A3 ARXEA] solid polymer electrolyte fuel cell (SPEFC), solid polymer fuel
cell (SPFC), polymer electrolyte fuel cell (PEFC), X+ proton-exchange
membrane fuel cell (PEMFC) 59 t& olgoz Eelx gt ©& FHH9

= 2 &HUSy} av, AlgAgte] e SAld Rtz tig SHo] WE &
Aol Ak 53] WsAE nEALE ALEE] wie] B gl Wl xdo] 2
& gla, 71Ee] FYgE Ve deE ARV Aol shest, whIA oY
Helol e 9 wigsicy. w3 gxigle] 7rasta Aol 440 AgdA BAAR
g7 vla) 2tk o2 Aol gdw Tt

2t

1

do
1o
TN
I
lo
i
¥
o,
rr
o3
X
2

Q7] o nEAAHAE AzANE 2F
9308 A4, 2FE AU olFE WY, TAE
7@% = ﬁH“Cr)‘ ‘:}O&‘fﬂ“ —E—O}?Oﬁ %% '}T: J\U} :LE%L} 4_-,—7{};(%0}1121 o3 ﬁ%ﬂﬂt \7%

e exoN AFHEE WIS BT F 9x neolAd AEHE ALY A

3



717 oldthe EAFCl Jlon, AFZuE PtE AMEET] wEel] ¥ES-71AW ol
il

Mol CO 3&A7t B Az &S Fol7] HalA Zv FHFE A EFolok
st olggol Atk ES AfARZ AbEsteE aRAHY o] vl HIR ¢
ol mEAEte] =REF -] ¥ dyo] Utk

TEAAHE dadHe dd 196090 Gemini $-F 2o EF Exo
2 ARREHAL Y, 19808 Lol oj2e] FEa) A FHAeE F8E Aol V)
g wak oAl 718 A sHol A HAAHLRE ofdl it AT sfgo] &
ws] Aol 231 vk E3) Green Round(Z1FH3E ) I CO0 34

A, Ags AFA oAF Bl E F3 TR wi7izbze] A Fol ks &l
2} 2450 AFA FAEL ARAA AFA 2 I ATAY o] Al
stAl =tk dAgARA

AHE AEAEA AW ZAEA FAME 7P 2839 7}"‘”"‘%01 g A2 =
75 itk Eg AEAE dRAA Alxdo] 483tE Af AsAE U

ALET JUA 2vEAE S8AA = F Ae B o} AE ¢ IFAY
o FAEAE AR A, F4F 4 oJFFN FF 2L T4E - 2n=
248 & vk B3] nEAASE ds5dA 29 LY AFFRAA v
Ballard Power System-& Daimler-Benz% Forde} 37 2004@7bA] mEAAsE
ABAHAE o] &3 33 AFAE AT AAHoZ Aok 8] vghe 19904
ol SoiMel AxMNLE AlAste t2 Y &, A4t £ §584d

IIUE

AFaeE BAAE, 958584 ¥ d8TdE HIAE

f‘ﬂioﬁ

d

r2
fu
23
2

neAAsd ARdAe Fa PARsE 1A ANARH AZ(anode,

cathode), 1831 28-& 74387 ¢ EefF(separator) 22 o]FolH Ut =F
3] anode$} cathod®l F AFE n¥A Asld =hel] hot-pressing HHoE F&
A7l AL w-A 2 HEA (membrane-electrode assembly, MFA)Z}aL h=d), o] &

3 MEAQ TA% Aol nea Asfd duxdAe fdelst @ £ g o
AR 2g(stack)S A7I8HEHESo]l dojube G A A (single cellE FA,

bl

B
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A HAFstezx FAHE, @8RG 282 74 243k HAAde

] 9)8ted FZ ¥ (end plate) tie roddt F7IF o2 ¢EEHA Hol ok

TR v-g71AY & 2 g, dd5 3T, electric power out-put-&

connection®] AX o] rt AA A|2¥L oleld 29 oldlx ARMNAEY], F7
2

d%7], € 2 B A7), 2EHEEr] o2 ojFoluh

0 o0 )
N B9

o At F4Y HEHE B g% vt uaAd nRAAFH AL Fhole A
T Eotop te Al ARy HATAL ook dfar, o] 9] o]F ol HIFtA wE
A B9 o]Fo] AHojof st 7AA & 818 Aol Foof it
TEA AsAte 19599 Grubb o 9EiA AL dAsHAY =UE
19808 d el EojA] &gt Ao s AE el wol olFoHuh. 1EA s
A2 sulfonic acid7]& T e IR FEE Hol 1o, sulfonic acid
7190 -SOsHE F3H8-o) 9sted @3] sielgo]. olFe] YT Hat HlolsA
ol -SO: &  Egdoh Z7)dlE=  hydrocarbonAdl IEAQD  sulfonated
phenol-formaldehyde$} polystyrene-divinylbenzene sulfonic acid7} AR5 AT
o] Zo A polystyrene-divinylbenzene sulfonic acidZe Gemini 549 8
Ao o] &H 7% sHoy 70Tl ME Aeol F438] "ol d3ol
o sulfonated phenolformaldehydes W5 &AM 714 BT 2ZH
dydex ) gepty, 28y o83 hydrocarbonAl EA}F thAl fluorine
o) (&Y nEA7} ARHEA Axol ZA FAHUTH  F, polytrifluorostyrene
sulfonic acid=9& BlE B2 Adol Fx Yo} AAR AsdAde FEHA Z
AL =& AFE HYoewn, 1968¥@7% Du PontolA 7HE®  perfluorinated
sulfonic acid #1%¢] Nafion 22 #7138l H5F4E 7I1EstArh.  Nafiond] 3
stale 2k (CF) SOHEA 72248 t&n 2ed, 9714 me 1014, ng 20]
o},

A=A

oL 2

e

4y xe

Q

‘ﬁcﬁ”c5%7f05“cﬂﬂ“

Y

(c’;ca*(}:;: ﬁ{—“——fOCFQ%—‘ SOsH

CFy
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Nafion F7 50~175me] ¢k =oZA FFEA (equivalent weight)7} oF
1,100ol% IMe #iHgd3 2L ol AxRE zZte M F49 48§ o
Nafion ©]& wFure A4 RIIrrt AR F40e AEEr Iy, dxrt v
31, 38 bR F ZAH ARV $estde FHE MDA BE B
A GAT D8R A B SMEE > AN o]FAA nEARAY 24
S zrEAen m, AT AstAe] AdFE A ¥R & 50,0004t B
T4€ AUz Aok Al#HIT E Nafiond 2BE 95k Na'e) ez ¥
Hed H2 X&3H7] 98 HeS0s &0l ot "zl F4o] Fasdic
TR Had AsAAE TEA MFALE Rt e FARE viFY
Du Pont® ¢l Dow Chemical(XUS), W.L. Gore & Associate(Gore-Select), 7t}
9] Ballard Advanced Materials(BAM3G), ¥¥2] Asahi Chemical(Aciplex), Asahi

i

it

Glass (Flemion), Chlorine Engineer(Product "C"), Tokuyams Soda (Neosepta-F),
= 9] Hoechst%ol itk ©]%F Du Pont®] Nafion %ol Aixoz dvj=z 3l
o9 Aciplex$} Flemion® tisF A2 AE 285U, Dow Chemical® XUST
(A1)l A m=0, n=2]2 F=&F FA7} 800L.E Nafion Bt} funcational group®} %
I FAZE oA R Fol olARETE Holutw webd, WA ]
ZAda AFYEE ZUstes Aoz g8 v w3 PTFES fluoroionomer
o] 73 EgA a¥BAY  (reinforcded composite polymer membrane)l
Gore-Select= Nafionol] B3] thd o]AEZ7} WAgE 7|AH E40] Fo} w5
gre we] Azt ML EN ARHOE L o|IERRE Ze ALE HO
Atk Table 6-1& Sej7tA] nEAANE A5HA e A& el Zeln,

Table 6-2 Characteristics of the various proton exchange membranes

Equivalent Thickness Water ..
. Conductivity
Membranes weight dry content (S/em)
{g/mol SO3") (1m) (% -
XUS 800 125 54 0.114
Aciplex-8 1000 120 43 0.108
Nafion-115 1100 130 34 0.058
Gore-Select 1100 20 32 0.53

Hla] o7 7R FHE ML As oEA dEE A=

o]
AAE 2gs) A58 89, dE8AF 2, 24 49 5 2 SE8Eopt
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gesizz dg Ade AgsE 1 8849 2NE U g wad
AARoz n2x Aad Az ARl e dFANLe] W AYHw 3o

£3), aAAsd A8QA 29 /RAE AFFAA Ayt Ballard Power
System& Daimler-Benz ¥ Ford®} 7 200497t & Had dsdAE
ol &3 FF ATAE AU oz e T AEAMNE d5AY 4
2317} EAd A AEioltt. ®3F Green Round (71F¥3tehHE 53 CO29
g 4, A7 A} 9% BE T AFA wW7I7kEY FaAlEe] dusl

2ol @t HA ZAZe] AFA IALES d8AA AFAY} 2L FEIH AFTA
7ol "hxbE Zhstal ot

St 1990 thol EojAol 71277 ARHA e EAHA AFMNEE
19949 B e & 5 A7) WEol dA ¥AFH] VleAxE ¢ 2 Fefelth
agy 9 wsd A7 1990dd Zo] AFNEE AlFst F

S
i)
N
]

e 4Fe B B9 A9 wasiry, fs ATHA d7ALe] ofF
A A ARz g 71&3 FAE vay Dyt FES F Jda d4dTle
Ql 2€7]&e He A BAUIEE A3 & § dvkn wddn B AAAA

=
Boz A8 DA & FE2 BE ATAL] oFolH HAW opHE T4

a2 7l&, 2"971E, MRV 71E, 488 N1E5Y o8 BoelA sid=ojor 2
EAYEC] Bo] dol gl Auelth. A IWdlME 2EA Hajd drHA el

!
23 @A Bl EolA glon o AFr|RH yIFEC]l LEADNR A8A
R o] Apte] FAE JArE Rolm o FA L4F LEA FAE v
S 23 AANEYAE BFstn FYdMe Ay AFHA Edn Sle H7F
oh @A AFEZ9 NafionSe mEA AsAte FgoA Fhole AxE7}
A3 ZHAaste Y AR AAA FAFWEE A5 HA [Direct Methanol Fuel
Cell, DMFC]& 0.2 A&3l7ldle 22de 2 e cross overs UEHHH 714
o] mrtdHo] dyog Rzigo} ofF A fdte] AAFAMT ofu] W
BAZ o] &3 A7yt HI 53 AYHI 3T

al

WA nRaE A Zeojn=(PheE F& WEAR st ds Fuista o
S %uk olye} methanold FHEE B Aoz FeiA ol AZ LAV Hal
913 WS cross over ¥ T o] beFerA CO IAHxE FRAH
T AE 7hsAel B2 EdEM A
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