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SUMMARY

I. Project Title

Development of Heat-Resistant Polymers for Transports Parts

II. Objectives and Importance of This Research

0The purpose of this research is to develope the manufacturing
and application technologies of high temperature resistant
polymers which can be used as the key materials for engine and
structural parts of transports, and to transfer the established

technologies to corresponding industries.

o0Owing to the outstanding properties such as light-weight,
moidability, performance/cost ratio, etc,, polymers are widely
used in the field of transport vehicles such as automotives,
railway vehicles, shipping crafts, and aircrafts as the
alternative structural materials for metals or inorganic

materials.



oEspecially in the advanced countries, besides the commodity
plastics, the use of_the specialty resing such as polyimides
(P1s) 1is rapidly increasing for the heavy-duty parts of

transports vehicles

oHence the worldwide demand of high temperature resistant
polymers in 1996 is around 4,022 MU$ and the volume is estimated
up.to 9,360 MU$ in 2001 with:the annual growth rate (AGR) over
.18.4%. The domastic market in 1996.is i45 MU$, and the démand
is anticipated to increase at a rate of over 25%/year and

reaches 440 MU$ in 2001,

o Among the various kinds of high temperature resistant polymers,
PI is the leading one and its grobal market in 1997 is estimated
as 830 MU$ and is expected to increase up to 1,820 MU$ in 2001
(AGR: over 17%) and more than half is used in U.S,A, And the
volume of moldable PI in U,S.A is around 138MU$ (16.2 Mlb) in
1994. But the demand is increasing over 26%/year up to 550 MU
$ in 2000,

‘0ln Korea, Due to the fast changing trend as ligh-weight,
high-speed, and high-performance in transport fields it is very
‘urgent to replace the key parts, and interior and exterior

 structural  materials with heat-resistant polymers like Pls to

make the transports industry strong enough to compete in the



international market.

o The domestic PI market in 1997 is only 17 billion ¥. But the
volume is Increasing more than 25% annually and is projected to
55 billion ¥ in 2002, Especially the technology related to Pls
for molding of heat-resistant parts is governed by limited
makers in advanced countries such as Du Pont, Amoco, and GE in
U.S.A, Toray, Mitsubishi Chem., and UBE in Japan, BASF in
Germany, Rhone-Poulenc in France, Hence it is impossible to
aquire the key technology. Moreover these companies export only
molded articles, not neat Pls to Korea to protect key

technologies,

oHowever, in Korea, key technologies related tp production or
fabrication of high temperature resistant polymers like Pl are
not pnssessed or developed yet. So in order to keep continuous
progress in the the» automotive, electric/electronics, semi-
conductors, telecommunication, precision machinery industries, a
systematic R&D program of key technologies for - producing High
Temperature Resistant Polymers via National projects is

necessary.

IIt. Research Scope and Contents

In the 2nd stage of Han Project, researches on (1) the



Development of Moldable Pls for Heat-resistant Parts of Transports
Vehicles with Service Temperature higher than 250 T and Tensile
Strength  over 1,200 kg/ad , (2) the Development of Heat-
Resistant Pl Structural Foamg with Service Temperature of 260 C
and Inherent Flame-Retardancy of UL 94 V-0, and (3) the
Development of Specialty PC with Improved Melt Processability and
New Manufacturing Process of PC were carried out up to a

bench-reactor scale of 5 L.

IV. Results and Discussion

1 Development of Moldable PI for Heat-resistant Tranport

Parts _--Direct Polycondensation Pfocess of PAI

oPAl is one of the most outstaning plastics among the various
injection-moldable high performance polymers _with respect to
thermomechanical préperties and was first commercialized by
Amoco Performanée Products Co. under the trade name of [Torlon®
] . Since then, it has been widely used in the field of machines

and aircraft turbine, engine propeller, etc, to replace metals,

oBut PAl is produced commercially by the complicated 2 sfep
process, That is, raw material, trimellitic acid (TMA) is

Xiv



acid-chlorinated to TMAC in the 1st step, which is very tedious
and expensive process. Then PAl is prepared by the solution
polymerization of TMAC and corresponding aromatic diamines,
Hence the resulting PAl is very expensive, which limits wide

applications,

0But in the newly developed KRICT process, high molecular weight
(MW) PAI can be obtained with only 1 step reaction coupled with
using almost 6 times cheaper TMA to TMAC. Hence it is expected
to save raw material cost and manufacturing cost by about 30%

and 20%, respectively,

oMoreover, only H-T type PAI can be prepared in Amoco process,
But in KRICT process, it is possible to prepare not only H-T
type but also various other type PAls like complete H-H type.

QThrough the active research in the 2nd stage of HAN Project, 5
L scale bench reactor conditions were established with the solid
content over 28%, which is comparable to that of commercially
accepable level of 25 ™~ 30%, And several patents were applied
and some of thém were registered like U,S, Pat. B5,532,6334
(1996).

oThe properties and processability of H-T type PAl prepared by

KRICT process are comparable or even better than those of PAI

Xv



produced by Amoco Process.

o Typical proper.tie; of PAI synthesized. by the established
condi tions are as fo_l.low :

Tg : 273 ~ 275 C,

Initial decomposition temp, : 400 T,

Residual weight at 800 'C ! > 45%,

Apparant density 0,35 ~ 0 50 g/cm

Melt viscosity : 6 0 x 10° ~ 1.0 x 10° poise (at 107! rad/sec)
Ten_sile strength : 1,150 ~ 1.330 ke/ o

o APCI, in U,S8.A, recognized the advantages of our newly developed
Direct Polymerization Process for PAI witb lrespect to lower
nianufaéturing_ cost and easy of molecular sequence control, and
thus they ;propos-eld the c@-operative _résearch to search new
application field of PAI. As the fesult, Secrecy Agreement was
made between KRICT and APCI and also agreed to supply test

sémples with charge.

2. Development of Heat-Resistant Pl Structural Foams
with Inherent Flame-Retardany

- ORock wool is widely used as aircraft interiors, and thermal and

acoustic hullboards, pipecovering, duct liner and wraping in

xvi



shipbuilding industry. But it is very harmful.to mankinds., So
intensive efforts have been focused on the development of safe,
nontoxic alternative materials to replace rock wool, Among the
various materials, Pl-based foams are superior one due to the
high service texperature, inherent flame-retardancy,
light-weight, outstanding mechanical properties, etc. But a
main drawback against wide applications is its high cost,

© In this research, we have developed a new process for Pl foams
with signifantly réduced cost, That is, By using special amine
"catalysts, we have established the preparation process of PI
precursor up to 5 L bench-scale derived from cheaper diamines
like HMDA instead of very expensive DAP which is the essential
raw material in foreign maker’s process, Thﬁs it was possible
to save raw material cost at least 25%,

Then the prepared Pl precursor is foamed under microwave
condition to produce heat-resistant Pl structural foam with
superior flame retardancy, Also we have established the
fabrication technology of sandwich composite panels by choosing
suitable adhesive

oTypical properties of the newly developed Pl structural foams
with are as follows : _
- Foaming ratio : ™~ 100, - Service temp. : over 260 T ,
- Flame retardancy @ UL 94 V-0,

Xvii



- Tensile strength : 520 ~ 840 g/ca’

oAs the rsult, 4 patents were under application and among them .1
patent was registered as France Patent 2 729 394 (May 22, 1998).
o The essential key technology related to the practical production
of heat-resistant, flame-retardant Pl foam has been developed,

Hence no further research is necessary in the 3rd stage of Han

Project,

3. Development of Specialty PC and New Manufacturing

Process

oAlthough the conventional PC has excellent properties, it has
poor melt fluidity and soft surface, which makes difficult to

molding and shows poor scratch resistance,

o In order to improve the melt fluidity, copolymerization was
tried using tri-functional monomer to give long branching, The
resulting PC showed significantly improved melt fluidity'without
sacrificing intrinsic properties,

Also scratch-resistant coating agents wers developed by sol-gel
reaction and the resulting materials showed quite a good

performance,

xviii



OMost of the commercialized PCs are produced by interfacial
polymerization process of very toxic phosgene with Na-salt of
bisphenol A, which results in various problems such as lower
productivity, extra cost of solvent recovery, and contamination
of PC with ions, etc, For these reasons, intensive research is
focused on the development of melt polymerization using DPC
instead of highly toxic phosgene by Jleading PC mékers in

advanced countries,

o In this work, studies on the melt polymerization and solid-state
polymerization were also carried out to prodﬁce high quality PC
with remarkably :lmprbved productivity and manufacturing cost.
Through the intensive research, we could also confirm the
possibility for the ‘development of these new manufacturing

Processes,

o The present results are as follows :
- M.¥, of Prepolymer (Mv) : 6,000 ~ 12,000,
- Crystallinity of Prepolymer : 10 ~ 30% _
- M.¥, of Melt polymerized and Solid-state polymerized PC :
18,000 ~ 30,000

As the intensive research activity during the 2nd stage of HAN

Projects, we have made significant academic and technoloy

innovative achievements, That is , we have published 14 papers

Xix



(Domestic journal 6, SCI Jjournal 8), and presented 28
proceedings in academic meetings (Domestic 20, International 8).
Also 9 patents were applied (Korea 5, Foreign 4) and 7patents

have been registered (Korean 4, Foreign 3).

V. Recommendations for the Applications

1. PAI

oHeat-Resistant, Light-weight Parts for Automotives : Parts used

in an engine room (Gears, Seals, Distributer cams, Thrust
washeré, Bearings, Piston rings, Bushings, Shafts, Master
 hydraulics cylinder reservoirs, Firewalls, Floor pans,
Sidewalls, Turbo charge impellers, etc,)
oElectric/Electronics : Sockets, Connectors, Switches, 1C board,
Microwave oven parts (gears, rollers, magnetron holder), Copy
machine parts , Laser disk parts, etc,
oPrecision Machines : Piston rings, Sealings, Packagings, Rotor

shafts, Bearing retainers, etc.

2. Heat-resistant PI Structural Foams with Inherent

Flame-retardany

OFElevated temperature and cryogenic applications

XX



o Core materials for sandwich composites

oFire barriers

- Rail and road transport structures, aircraft interiors

- Shipbuilding industry :
thermal hullboard, acoustic hullboard, ceiling panel, duct
liner and wrap, pipe covering

- Electrical and electronic equipment casing

- Medical (X-ray table)

3. Specialty PC and New Manufacturing Process

© Precision molded articles and scratch resistant applications of
PC
o0 Production of high quality PC with improved productivity and

lower manufacturing cost,

xxi
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b ey Az HE oY §¢ BAANCE Y UE A
olx HEAQ EAde.

o1&} 1989de] QUES Ube Industries®] [Upilex) &}
Kanegafuchi Chemical Industry?] [Apical] So] ZAIHLEN 7Y
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)& I e AT oA glon AEY [Auruwn] £ ABH
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goz vy o] AYIFANE AFEY 71 s A
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[Torlon) olgt AMEW S & polyamideimide (PAI) 4:x|§ Alutsiele
! Dynamit Nobel/\]-“f polyesterimide (PEsI)—g- s, ®EY GEA}

£ 10648 d7Be] 713 thEAQ TPA PI4x|¢l polyetherimide
(PE1)E [Ulten] o]t MERoT 7pyst.’
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R A7t epoxy A2 HYLEel AL Hlxy 1807190 T F=] &
Eolld d¥o] sHediER A gy A7 - AR MRS EYdE
mateix A 24 FHU 9le. | |

01980\ dth& Ciba GeigyolM¥ Olefinic comonomer& AME-RH BMI 4
2§ Matrimid 5292>eH= HEEOE Zjusigdon, o9 uLyl A
7ol Y28 TechnochemieoA &= aminobenzoic acid hydrazide
comonomer& AME-3}¢] Compimide 183, 8002 2183 U9
Mitsubishi GasoflA}+= dicyanobisphenol A%} bismaleimide?] EY{E
2 o]Fo|H BT resing Y A¥te}as.

oolg}l o] PIA] Al At ¢4 doll X AR £xof ulel clokgt
HFel2e] sigo] £UE0] $on, ¥xfo] o|BF|7HA] x|&A QA HF
ZAE Ro|T Q& |
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E 111wl glold PIA AF Yol 42 Fol

1989 1994 AGR (%)
Ton MM$ Ton  MM$ Volume
Films 059 77 0.86 137 7
Molding Compounds 236 64 7.35 138.5 26
Impregnating, Coating | 231 68 318 129 6
and Binding Resins S '
Foams “loos 10 009 335 21
Fibers 007 23 | o012 4 1"
Totals 538 221 1160 A42% 17

* Assuming 5% per year for most types of polyimide
AGR : Average growth rate

2. WBF DY 28 27

oPIAl 218 714z} A8 wig Aol3ld 4F YBH Ay 2E2S
o 7ol FH4NHE.  F 19659 nlFe] Union Carbiderls 71&¢)
EPof wl3] WA 4 Jdd2 UdEFd % vl 24& 7
3 %l polysulfone (PSF)& [Udel] ol2l= AEELR AJMtsigd
oni, ole] 1973\ dol= Phillips PetroleumAlof ]3] polyphenylene
sulfide (PPS)7} [Ryton] &2, o]} u|x{t Al7lo] G=Fe] ICIAl]
M [Victrex| gf= AMEW O € polyethersulfone (PES)& X 2ts}
71¢]l o]2%l%. PES¥& 7}3o] PSF Xt} w4t wbd, jdd R Wizt
251740l Feolua J3) gz e U creepdo] Flold
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o8 WL FEojAHE 42|18 Y& polyarylate (PAR)E 7|
- Alutsts] AlaRiglen] © Amoco, Bayer W HookerAl FolAd
B itoll Hofsta Q&

oXE§} PESE X2 Y - AIUY FF8 ICIAR= 2 T4 7137
7ie] Y g EE YEEY JsY MEE 54 EPRA
polyetheretherketone (PEEK)& AME3} 819l
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E 11-2, 249y dxVeld] Feladd] A2 g 5%
Type Maker Continuous USE HOT (C)
| Temperature (C)
PEEK Du Pont 240 - 140-180
PEK ICl, BASF, Hoechst 260 186
PEN= 1 ldemitsu 340 165
(GFR : 330TC)
PAEK * Du Pont 250 316
Polyketone Amoco - 316
(GFR Grade) . _
PKS Philips Petroleum 350 -
| Kureha Chemical - "
PTES* Dainippon Ink 290 240-260 (GFR)
PASH Toray 215 -
PSH T AT UM - 400 -
(Dainippon Ink ZH0f) :
*PEN ' polyethernitrile, PAEK : polyaryletherketone,
PKS : polyketonesulfide, PTES : polythioethersulfone,
PAS ! polyarylsulfide
PSFI : polystruylpyrimidine
: T3b0EH 39 (1931)

**Ref.

3. #4717 A% F2A& Ug U=A

OHEA (foan)d BFYEEMN T FY, £3/AF Aol vl ¢
T317) "l 871719 F2A43 L2012 ohF 2ol YE.  F
8 Felpedst, Felged uxA F2 A R 9 AAGl 4

slod =}pE2lel] wlo] oli gl A4,

a3y 5 - B3 Ae

o SeAY, 2H3Y FoMe Ugd, ¢, ABE Fol &7
HEg Ffons YXAE J4¢ Jd YR a4FHL UE.
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ot]E3Q g UEAMEBLE= polyisocyanurate, polybenzimidzole T
PI (polyimide) o] Sloen, RXE heterocyclic ring system &¥
o] FoiA g . X II-3o& & I UFAL K4 % A
2] EAAE Uthigledl, K] PI¢AA] UEA = Foid €&
24 % FoU ddYLE A, ¥F 38 Jiedel MR &S &
2 F UEAM 4 v § A2FTHY el uy A3
s olFoiA U

E 11-3. chE3Q g dEA L FAY

= g8 2 3 ¢ A
[Polyisocyanurate [0 714 & M3, WM R HE| o HEHMO WS
(modified PU) HY F4
MNE gt #2219

[«

[Polybenzimidazole o HO{L4} LA | o Lh&taty ofgt
(PBI) (Bsl=2%< : 5107570C) o i 2J|
o M2 M 24 o HE=2H SE
[Polyimide o UgY, U4AHY o £+ |0 11Jt
() o IIH EH 24 oc HIZ2F ST
o &2 £8J| By

OPIA] YEAN2] AxHoBE (i) PI Y4 Fol P43= &, ¢EF
2 o8 WEAA AMx3l= WY, (1) PIE YA M2slo] Wi
& EUL F €& 718t Az3he whde] don Yt eR (i)9
Bjol wol o 8. (i)8 WelA i os: e 713t
= ¥, dielectric W microwave® o]&-3t= uhd Ho| <3 g}
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o @z PIA UEME o] BIDAAIZA ©v]a+e Imi-Tech Corp. of
A AHES [Solimide] B4 Az 30vuls =7 e glon,
polymethacrylimide] U3¢l [Rohacell] & Rohm Tech, Inc;oﬂ
s AlgER QlEd xF7A] dBlF PIA UTAE iR
non-continuous process& A x|7) wfEe] tiak Pile] WL BEAIS
X2 A& 4B PIA] vl FFd0) IF AMY PEIA LT
Z%ollt=, PEISA] 2pAY] we S-FAEE Qs ¢4&7] violM
X7} 7= continuous process of &3] A|RIF= AR oddA Q
oo @z AIREXAle] 2)3] AJutE]3 g1, EZ Dow Chemical Co,ell
NE PEIA HEAo] it 712 dF7t HEH Yeh2A scale-up R
4328 AE ol o1& 2eul PEIA UEAL Terh o 210 ©
A=A PIA  als Uddel thh Huolxle WA % 9l
ﬁ. 15~19 . . ) ' . - '

o E II-4oliE PIA WUEAS VA, HEY, WlAUE 29 3

s,

E 14, PIA REAMS AuA} AED U F7|A

- Company Trade Name Characteristics _
Imi-Tech fSolimide_. - [Density: 0.008 g/cm®,
| 1308$/1b

[Rohm-Tech "Rohacell Closed cell, 20750%/1b
Surrento Engineering Inc. | TPara-kalo, ~ |High temp.8

Hexel ' Nonabsorbent

Pt foam
High Technology Services | - PISH, High temp.&
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4, ET[FIRVo|E (PC)

oPCE feHo] E£EJ} 150 T ¥208 vgdHo] $4u iR o
AUl gaagoss Udy ogels THA, Ay, A7
Sxo] ul$ Holy A8 2T Qlojd E 11-50) A% HEe} ol
44717 Bob, A7l - Azl 7A, 25 B Holeld Y&

E gl%o

F 1I1-5,

PCe &%

g2 0}

g &

[ W=
Pl —)
2520

aircraft window, bumper, light cover, windshield, ventilation,

radiator grill, saftety helmet, safety glass, helmet visior,
instrument panel &

# 71 - ® RHcoil bobbin, connector, relay, switch, hair drier,

airconditioner, TV, radio, = A7l, computerS 2} housing,
CD, camera, watch &

A [HEEF pump 5, WeHOE P8, A B2, 2Y S
o5 |21, 2IBHF X, 4FE, MUY, B S
a3 |PRE. A, SESYU/E, UHE B

oPCx 1950t u]= GE W K18 BayeroM A& Falell A}

o

i MAdes <f 1003 € 77k At B8E& 3 3l

#. E 11-6ofle PCo] 44d8Al, Aited, YEHE Fosidw.
o PC 4|8 &3 PAtPAE= n|ZF2] GE Plastics, Miles, Dow

Chemical,

Aol X Bayer, Enichem, {EorE ZE(LR, =FEK

i, WHEEWLE, WALR Sl AR, YJelME= HIgo]

Aarstn Q& P8

_15_



X 11-6. PC 84} 9 AB4hed

(k9] : 1000ton)

X9, YL8A MMSE 4EY
50| 3
GE 196 Lexan
Miles 70 Makrolon, Apec
Dow Chemical 45 Calibre
M8 345
Bayer (S5Y) 100 Makrolon
Bayer (2 2]0i) 70 Makrolon
GE (YigRts) 90 Lexan
DSM (& 2]00) 34 ~
Dow Chemical (£Y) 36 Calibre
Enichem (0] &2| 0D 15 Sinvet
OF Al O} 265 |
Teijin (Y &) 75 Panlite
Mitsubishi Gas (2! &) 45 lupilon
idemitsu Petrol (2 2) 30 Taflon
Mitsubish Chem (Y &2) 15 Navalex
Nippon GE (Y &) 25 Lexan
HEstd (5t=) 15 Trirex
ey A (R 20 -
FPC (T2} 20 -
| Et 40
PCBAdemitsu (22t3) 20 -
GE (£213) 10 -
Ao/ ERY 10 -
g A 961

-.16..



oPCe] Azutole AHEtH (Interfacial polymerization)} £-8-
o AelE UMY (Melt transesterification) LB rigEn] oleolx
£ASH, RASEHE Fo] oo HA AUY B ciREY PCeE
Adsgyes AR Q& 5%

o AlHS%H (Interfacial polymerization)

- AR Z§hiol M= Bisphenol AE @7l2] 8o H7I3l sodium
salts® ®RHE ¥ ol f7|8€u] (& methylene chloride,
1, 2-dichloroethane, chlorobenzene® )] &x]steflr phosgenez} WI-g
A}# oligocarbonatef HAA% ¥ t}& ©AelA oligocarbonate?]
%ol Sl chloroformate groupe] 7H4Es] WHe-& citt JAA)7I™
A carbonate ¥4 W& HUNA A=Y olwl 37 obl Fo &
g AHE-3l T ATl Ex1gE& 2] o XY 23
AE AHEYE. FUHHE PCE #7] A4 £3Eo) gleng ukg
TE ¥ WL AT FHAFH A ¢7lelE AANL E2 A
Bt FoER] salts2} £AIE A Ade] PCE €.

- o] WP ME F5Y phosgened AMg3of 3z, FHA ol UE
B, 944F 4F oldo| E¢EE tlg X{FHol 33 dul Fxjul
7} Axsiu], Figo]l ¥ ol s

o£-§ ofAE|E Z¥H (Melt transesterification)

- AREHEY HE S8 2EFSY PCE & A4 Agy
H g2 Ax37] §IF tide] L& dielE WY  (Melt
transesterification) ¢. |

- o] WHolME (g€ T84 Wvte]l EoM phosgenez} W-E Al

-..17_



FIAY} E= o2 WhioR) e R 448§ diphenylcarbonate (DPC)
= bisphenol A%} §-FA1A A} F&HJuljet £} 2AAYF A}
23l R-FFULE PCH A2% olu] DPCE= bisphenol A B} <}
¢ Ao Algdin] 1R oAHE IUNSL Pl AP
oligocarbonated AHZE{ F, o]AZ iy 2, AAFIlM & &
33U 2AFYLE w2 EAYY PCF AR -

- o] WL RI-BAF AH$3A] QJLorT 4 A4 FAS UKL
o FUF F UEAE R 3y Ay} sted E ohnel e
o FHAF 4 £71 UG U 22 EXoM Hhgo] Y
HEZ 3 R G2 3] Bd "ol dojuiar FEAe
PCE A 2317171 ol 8 o] glolM AR 44t A-gole Aol
Elo] $t&. | | | :

- 2R 32 AR7]g3 dulY dLE GEAllAY AFLE &8 F
HEES Adst] 5000ton/A A RZ oA FAE Al
E3a glen, & AFAME 883U W o AFPUSZ ol &
% PCY A2-E AxA49 MUY AT ddes sta A4

o 31433 (Solid-State Polymerization) |

- I 83T Jigel A dAEH 4R AU AEHR 9

. Agk, ol 7hA] MAido] FHME w2 E2HYY 2 FA PCE A
st A7 917 o] d22] Asahi Chemical FollM Al =3t
A whgol IAAZWYY.

- AAF M 1213 o8 vad ¥ koM &FFUE Wild
ou] FUANF UE F AF ¢ ok o] FHA &3 ol 2=
oM ZAYEIZ FUAAM £ PCF ARk PH .

"‘.18‘



- o] WeMe HAJ&S FHYPQA PC ofu] FHAS YA
porous crystalline particle®} A)7]+ 1&g LSS &
A.

- ¥ dFoME IPEY 7148 ALE dF QPR 3 e,

o B PC _

- PCY 4 7|5 & /st AL L Eolo] A&y SY
A7l 258 A ZYHAE FHLE Ut AARHL s,

- AR tige] A Sle tEFA 4 PCEE U4d PC, /T
PC, Branched PC, Optics$ PC, ¢ PC, A]EXRXAL FDA grade PC,
surface hard coating 5 4. °o] & ¢, U PC %—% olu] Y4 At
€2 H7) AApiaL glen, 4] vleiA ofAlE H-gAdols BA
7} A&

- 2 AN 8 4840l aA AMHALHFME YHgoinvd
7I1AA 542 A7l AY gl B4 PC ¥ 2577 NE H Y
surface hard coating& €-F AL R 813 &

Al 28 2 A7

a2l Fue] AEMIGS HE EolaE Pado] £FE olF2 gl
HE EPU UIQIE, Eelotdy, EeIFIEVlE, Eelojay (PET B
PBT)E A4tE3 Qlé. %ol Super-EPEofolME (F)SKIZ} PPS
(polyphenylene sulfide)& 7Bd A4tstal Qe e uief Ml

-19-



of Wag ayF s A AFedM £ AHESIA Aw. $5717
Ud F&8 gt Lafof ot S 5L B¥E A3
A3 a3t AR,

1. PIA g 2=} &7

ould ¥F§ TP EAl Aol Hg PIA 42 (PEI, PAI §)o}
warz @A 2xlex] (PSF, PAR, PPS, PES, PEEK, PEN, PAS,
KSE)7 hEAY,  olaR 4¥E TuUd 2B LS ti
22 oz Fjelzes o] igobde] wrzh L2 A3
7t FulelM AWHRL s, F A4 PIA $x3oA PEI] tha
A RIeATA (KRICTY & AFWo] A7 ¥ FHL2AY A
deog 7l& Az7\4g AUt AYRA(F)el 7lgTlg B2

 stda. B3 F A7 AWolA ol GEAL) PEI (BEW ¢ Ulten)
BT} UEEET} 20 T o4 4% AT E PEIISAE Adsid W

2 B 2 I, 4¥, U5 TUAFNF YL

2. WEF UdY A L&A

o WSt U@ BRI AF, KRICTY ¥ dApdo| FHepr4d -
HYBY(F), ()] Y sjo] PAR 29 72 A=/|4g @
FARst Jlg olAg Wtdon, KIST drge] AYRIY(F)2t
PSFE 35 d7siaen (F)KIojiE PPSE A=74S Austo
4ej3} g, |

on9le} Ud ¥ES dY TExpAAe] thHlME KRICTS & &

_20_



FHo] Amocorle] PAI4=] (AHETE : Torlon)ol tis] Fate] A3
Aakeiql ACSY (acid-chloride®])efl &J%F PALS] Z1EM= 7é&&
19909 58] BEAAFMY A (22" : Polyanideimide 7hgto] &
¢ A7) 9 19195 FRE ey Ald (A 2 d7ted
Eelo|n| = (TP-PI)A] EAATILE ATE 4.

3. g UEA

oBel s, EelAEY, EUgd B3 S W4 UENE X
B2, VLA S8 FfAE P AgHD A& HH Eao
e, EZeyd, EAEY E:lgdT UEANE MRE o AL
HE fe 4TAE UMY, B¢ Sl GAs g

o2t AUl ElaYg AT TUY UEAME ABS $AFE
o] &%t T WEAN (structural foam) o]joll= Axsgo] vf-$ n
A AP, FI PIE $F - U, WYL FY FEAZ ARE
£ 54 2Ud gEAel ue dFE 2 4R 1NANN 4
¢ A7 ogel A gl e 2AY.  wehd Ju A
Sg7lo] Lot FRVAANE AL AAE uFE Ao
2% R A2 AL gl PL UEAE SAIY TUY L=
Aol it @37 Aol ulg AF YL,

4. 5 PC Y A3 ARJ|e

oIule] A% PCE ‘S0dT Fdlel Fuiel A, & M7 - Ax R =}
E2} Algdo] &34 FHUE AFUl wiel Dujate] Yo
olofutz} GEP elob Fulol BAHAE 4%, 1989d 58 Fufof

_21_



- Ae AFes PC ALY FAL JISNe a0 FHTL Yo
alz} o= Alokrlr) d#28] Mitsubishi Kasei2} 50:50 %}3po.
2 g dYysta dAb 15,0008 AL AAM, H4absln 4
o ®xf 35,0008/ 78] FdsAE. |
"=l PCY] FU| o= AP Patgg A dMz U7 dE
o Unx]{= @l&2] GE Japan, TeiJin 22 HE U3l AU,
3], AFE2} bumper, A4F Foll AMEE= UfY PC, branched PC
5 B4 gradet= AF 4 AZHIL olH FU sy AFH. T

oM E AFY viel Zo| Wl AUt © PoE A9 AR} uhg
S phosgened bisphenol ASH AW F3Y 3of AzW. 2y
N2 BARAZ F48 FAHDM phosgened] RFAo] FIY £
ol AXL A F3WPL Aol Wen, AzY FCe 43 da

B9 ¥4 AA% odY 2EEJ} 279E SEAE WAL U8
ofige ¥, A4, FANY AL EAF W) AN GE,
Bayer, Asahi Chemical §3} 2 HA=R YAFL $EFUYY. 3%
FWY F re A=E ARINES WUSA AU Y W
Fufel it o ote ko] W P4

-22-



A3 A AT A% Ue U A

A 18 e 75 48 & PIA 47
1. AEE £Y % Jle A= £Y

7t BEE ¥4
93 A=A PAL AP Je$ES Tobsta £ A7
Aol &L Az} 5 ALY 2] AEEE do37] 9zt we
=¥E 7I&A =2 9@x71x] ©lF Amoco Performance ProductA}oll A
ABx18lal gl [Torlon] SollA  virgin grade @1 4000T, w|7Z2 R &
gradeql 4203L ! blend & grade?l 4000F% 3 7}#] £%& JEES
T8t £4& A3l

AR EL Exrze} microstructured ¢7] $I%F IR, 'H-NMR o
PC-NMR spectrum £, €32 4FE& HrI%r] f1¢ psC W TGA BA,
A2 AP ¥ehE Y SYHAE Y2} GPC EMHE AAIBIAAL
ol& Az{E X II1-1, 111-2, I111-3¢} Fe)slsrc),

E II-100M4 &€& 4 %ol [Torlon®] Ao AMEH WarE rjo}
Weel 0DA%} n-PDARA H-WR EMZA moler|7} 6.5:3, 58018
th oA 8 A 7:3Y % wlg FAsich 2= FEE Fof A
4Y 4 Q& Head-to-Tail  (HT)2} Head-to-Head  (HH)$]
microstructure + 55:45 (mol%)EAM HT £} HH 7} ‘_’l";’:"ﬂ' | &8 A
Hol sled HUAY 4 3t

-23..



by TGA

E I111-1. [Torlon®)o] 32 24 A}
Grade! so0or | 420aL | 4000F Remarks
Properties
Amine
ODA: m-PDA 65 : 35/63 : 37 - o
(mole ratio) 'H-NMR (500 MHz)
Microstructure
HH : HT 45 : 55(46 : 54 -
{mole ratio)
Degree of (Airs0/ Arous )sample
imidization (%) | 88.5 97.8 58.0 (DI(%)= x 100
_ (Ay720/ Ajors)etandard
by IR
Tg (T) 274 271 - 260 |DSC
IDT () 388 390 385 ITGA (under Nz, 10 T/min)
Mn (g/mole) 31,600 | 29,200 | 18,300
Mw (g/mole) 69,700 | 64,000 | 32,900 [Solvent (DMF/LiBr/THF)
PDI 2.20 2.19 1.80 :
Cannon-Fenske Viscometer
7 inn (DMAC) 0.52 0.49 0.25
No, 75
TS (kg/cn®) 1,200 | 1,950 - [|Film
HDT (T} 260 278 -
 |Residual solvent| NMP NMP NMP - |'H-NMR
Melt index 1 17 34513
(/10 min) . (ASTM D 1238)
Bulk density : o
3 0.46 - - ASTM D 1895
{g/cm’)
Density (g/cn’) | 1.38 | 1.42 - |as™v D 792
Residual ight
(:j nal velght | 8 | 59.3 | 50.1 [800T (T6A) under N;
Degree of |
imidization (%) 94.8 100 72.7 |TGA




| I11-2. Torlon® 4000F] o[n[=3} Alzte] uls Ex}gk, olmj=gix

B Tge] Wl
Tige (hr
e (hr)l 0 los| 1|2 |3 | 4|5 |12

Properties
vi ity"

scosity 0.25 | 0.44 | 0.44 |0.49 | 0.51 | 0.55 | 0.55 | 0.59 |0.63
(7im)
DI by IR

) Y 58.0 | - |83.4|86.3|88.7(89.4|89.6|90.594.1
DI by TGA |

) y 72.7 | 81.3|81.6|89.3 |93.1 [ 93.1|93.3 | 95.8 |97.9
Tg ()™ 260 | 274 | 274 | 275 | 275 | 277 | 277 | 277 | 278

1) Thermal imidization is conducted at 200 €

2) DI : Degree of imidization

a) Measured at concentration of 0.5 g/dL in DMAc at 30 C

b) Observed by DSC with a heating rate 10 T/min under nitrogen
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# I11-3. Amoco PAI, Torlon®2) 48N

I MV{poise)
7w | Tg | IDT | RW(%) | DI (%) (p°_l
Grade Conditions | shape e | |ey| soot 10
& ' IR | TGA rad/sec
As received | powder | 0.47 [ 273|383 | 55.8 |86.9/94.4| 1.8 x 10’
400(_" - [Drying under: _ ] }
(Virgin) [oac at powder | 0,52 | 274 | 388 | 54.8 [88.5/94.8| 1.8 x 10
120C/10hr _
o - fine
As received 0.25 12601390 | 50.1 |58.0}72.7 -
powder -
Drying under
fine
- lvae, e 0,27 | 267301} 51.6 | - |[73.0 -
4000F 120C/10hr | POTOCF
laidization fine
- . 27 53, - |92,1]1.5 x 107
200 /3he powder 0.51 5| 387 | 53.6 1.5 x
Imidization fine '
0.55 | 277 1383 | 54, - 193.3 -
200°C /4hr powder 1
$209L As received | pellet - |em|385] 59.3 ! - [10011.1x 10
Elimination :
(Standard) powder | 0,49 | 269 | 385 | 52.0 |97.8] 100 -
of Ti0,/PTFE

IDT : Initial Decomposition Temperature
R¥W : Residual Weight
MV : Melt Viscosity
DI : Degree of Imidization
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IR B2 TCAEZ &Y oln|EdEE 217} 88.5% Gl 94.8% FEEA
A olm =] U eI ok 71E A SSAEE A2AY B
A ALo® wnieifitt, =% H-NR EAM Z3} NMP peakZt ¥QlE o]
h&-8ul £= uix|et A Suizt NMPYE ¥AE 4 %l3lch  Blend &
B H2A €52 AWE 4000FE oluj=2}7t wlo] AMH=A] ¢t
grade, & &ejol9j4te] FelE J2o]M oJuj=3ls} J8EL] o E &
o] 200 T2 convection ovenoflA| o|u]=2}7} ZMPE|D] 200 TollA] Al
ol W Exig, Tg W ojnl=f=e] HHE ¥ 111-2¢) vehigich
AZ|M @& 4 QlEe] 3~4 A Tt oju|=YE AYAYN FRY HE
Bl o|m| =8t 7} 4000T8} 7HE R-AME g Vehfiglch i AjAE9
7FR4€ Bobets)  ¢istel RDSE 345¢C, 107 radssec o) ZAH &
$AEE AR Az Y 9 224 mel cid dERR] o)s 22
1.1~1.8 x 10" (poise) & S gc). (& 111-3)

U JlextE 4%

X I11-4o0 A 271A] U4t 2ZF Ale] Z1€XIBEE 2E] natural
grade.B& H¥.E grade PAIS] /43 &4 EPY EAE vla Fe|siHct
4714 & 4 9t uig}l o] AmocoAld] [Torlon'] o] THE  makers]
PALo] n[3] Mutajel g4do| 713 §& Ae® Hriuch. welM Amoco
A2l [Torlon®] o] 7bg wA] 7=l VAAE 713} RHFoR
o] &E|5L 9lo] ¥ A2 model sample® ‘234t E§ PAIE Tl
€ 54 EPo} ulas] & ol Al&4dY JHet EPFedA Uddd A
. 4 balance?} 7}A f-4=3l K-e|Mo] &5 (Tg)7t 270~290 CE &
7] wiFoll & 3t M 2|A Y gl f43ct. 2yl $4¢
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F 111-4, A2} PAIS} T} Engineering Plasticsg] &4 ulz

/ PAI PEI PAR

Maker, Trade name [ Apqcq Amoco’ Toray GE Unitika
Grade Torlone Torlone ULTEM |U-polymer
Properties (ontet) | (ramaaryy | TIO03 | 3000 | (naeaent)
Densi ty g/ca’ |1.38 1,42 1.40 1,27 .21
18 (23°C) kg/cn? 1200 1950 1900 1070 715
Elongation (23C) | x |10 15 15 60 55
FS (23T) kg/ca® [1930 2160 2000 1480 800
FM (23T) kg/ca'[36,000 51,000 45,000  [33700  [18,800
IS (notched, l1zod) |kg - cofl3.8 hd. 7 13 B ko

_ . /e _ .

Rockwell hardness - [Em8 [E86 ME19 M109 M109
HDT T E;o 278 ¢ 274 koo W75
Linear coeff, of |cm/emP.6x 10° 13,1 x 10® [3.8 x 10 5.6 x 10° 5.1 x 10°
thermal expan, - T \ -
Dielectric strength|KV/mm 17,3 23.6 23 28 . 2.0 _
Dielectric constant| - W.0  [4.2/3.9 [3.5/4.0 [.15- [.0/-
(10%Hz/10%z) Clo%z)y | B R
Dissipation factor - 10,09 0,26/0.031 [0.001/ 0.0013/- 10.0015/~
(10°Hz/10%Hz) (10%2) 0. 009 |
Vol. resistivity [Ohm.cm]l.8 x 10" 2 x 10¥ ’z x 10°  [t0" 2 x 10"
Sur, resistivity Oha pro™® x10" 5 %10 - "
UL flammsbility - pav-o 4v-0 94v-0 94v-0 94v-0
o1 % 142 5 - 47 37
fater absorp, % [0.28 33 0,25 0. 25 -
Tg t | 80-230 |- 219 280
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ddd, #H7 HEd ® A8 EE 33 ek

U AmocorHe ERALE] £ & 8ty He) grade ThYtie] Fe &
71&d 2=t 19889 REHE Pt AE ALE SHAN ARE
PAI grade¢! Torlon® 2000 seriesE W3ttt Torlon® 2000
(natural), Torlon® 2530 (30% GFZ}%} grade), Torlon® 2400 (iuj=
grade), Torlon® 2730 (CF7}%} grade)So] t]E2]Q) ofolc},

ol [Torlon®) 8] M2 gradel HEY ¥ Fxt glol [Torlon
*1 8 E& grade 48 UM QA 713Y ¢ U3 &8 FHo ¢4
3 F2n & JEE 1A oY FES 4BY 4 o] IEE AP
Zoeg fEFgeu wxe Fio] FRHEHSGCL @BV Hitach
Chemical, Toray, Teijin, Sumitomo Chemical, Rhone-PoluencollrXxE X
t} $8% E4E& A= A2E PAL Y AI2E process ZE& H 9
3l it o] WelA 4IME ule} o] PAle $4U E4E AW 3
38 3/8%s EPolm E/8 AL Ho] uff WEE ¢ 4 girh

2. APAE D 24|

4,4’ -Diaminophenyl ether (ODA, Aldrich 97%)= THFE® XZAA (mp
: 1907192 C) AU a2 ARE8}9 3 trimellitic anhydride (TMA,
TCI, 97%) + 1,2,4-trimethylbenzene (pseudocumene) &8 HAi E9|
Zistoll A B ALGIAYU AldE KL FYE rlE A
t}.  1,3-Phenylene diamine (m-PDA, Aldrich 99%)i= ¢t oM F
U % Easld Agtdl wg gule A8d
1-methyl-2-pyrrolidinone (NMP, Merk, 99%)&= CaH: & ¥4+ ¥ IR} &
fioto] ARE3tAYU 2olE ol E3iglct. =Y FUE NP(FUAAL
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M-Pyrol )& FU3td F{3td Apgsledct, Iso;ihorone diamine (IPDA,
TCI), 4,4'-methylenedianiline (MDA, Aldrich, 98%), 3,3’'-diamino
diphenylsul fone (3-APS, Aldrich 98%), 2,4-toluene diamine(2,4-TDA,
Aldrich), 2,6-toluene diamine(2,6-TDA, Lancaser)$2] tjolule x|
3lz] ot 3AA ApR3igict, E{E thionyl chloride (Merk, 99%)= TPPI
Exfstol M FRY F ohA] A FR3 AHgsAY FREA g "-'4 3
AHgst4ch.

B QA7old 4R PAIY FXE= 'H-NMR, (BRIKKER AM 300 2
BRUKER AM 500), '*C-NMR ! FT-IR spectrometer (Digilab devision FTS
20/80)F 22 ¢, ulaztdon FYHEE MAcol 0.5 g/dlY %
2 233} 30 ColM Cannon-Fenske Viscometer (No. 75)8 &A%
th E 422 43 4UL AL 27 8 F2 F) FolM psc ©
TGA (24 : 10 T/min) 248 Folo] Brisiadct. [Model : Du
Pont 9900 Thermal Analyzer]. RH A= PAIFAY EFIER &7
317] $13}o] Rheometrics Dynémic Spectrometer (RDS-11, Rheometics
Co., U.S.A)@ ol-§3tod 37 25 me] parallel platericld 88 AF
& RARlAcTE AES 150 € AR\l 12 A% AR F ARG e
W strain® 10%2 LFAIN AejolA 23t4 (107 ~10° rad/sec) E=
L% (310~390 T)F AMAFIAN AUS S4sigich |

3. PAI zﬂ = o

JeF B9 o -1?:?1&*}% B2 A E4%E PIeA F UEA,
Lﬂﬁrﬁ'é R ZIAA BAdol Aol &3h= PAL £ 7]&9 Wi
Amoco process®} AMEE AP FIUl WY AFE YA v
scheme 1 of F 7}x] & v]a EAAR, Ay FWPA 3%, A
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71 ™A &t €3 E 3 g TC JulE AHESteo] Boltt S8 W
olnj=tl X ulzl ZEAFY PAIE A2 4 alth (route b),
ER ol Air Products Alete] FEATFE #I3l DIDAE ol &3
Head-to-Head type?] PAIE Z]| A F§IHol ulzl =28} c) (route a)

. o)
© 0 ------ : - o ........-...‘I
! HaN—Ar-NH
Ho—¢ i o5 ‘P ,
0 o] o 'o
NH—Ar—NH
HzN—AI'-N Hz H
Route (b) g o n
Rouh o) i cydtzauon

i) polycondensation

with T.C
#) Imidization
N—Ar—N N—Ar-NH
HOOGC

I HaN—Ar-NH,
[ )
;
© N-~-Ar==N H H
[ N—Ar—N
0 O d n
NHy—Ar-NH; » QDA, m-PDA, stc. - + Conventional Polymarization
Raoute ‘
—— : New Polymerization
Studied in this work

Scheme 1. PAI &} Route
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4, Amoco processo]] 2|3t ¥ PAl =R R

7t Az
(1) &y A=
Amoco process®j( it Zelol=R)el ulel PAL 421§ 44

7] M @A TMACE A= oftlit). F TMAL] carboxyl
group& chlorinationsjo} 3t o oJuf A}2E= chlorination agent
= thionyl chloride, phosgene 3 phosphofus pentachloride%-o] <5]—8—
H 4 qlon) 8 A= 2}gre] thionyl chlorided ARR3Fd TMAC
& AMzstqch A2PPe ey gk

96.07 g (0.5 mole)2] T™A2} 72,9 nL(1.0 mole)2) thionyl chloride
F ¥3 AL E20 3fo] 80 T oA 1243 BRI § e FR3MH
2}%k8] thionyl chlorided A|A3Arh. ojojA ¢} FR3le] (145~
150 T/0.5 torr) ALl TMACH ﬁgit}_ olojA] HAHH benzene T
petroleum ether 1:1 E§t-&ufolla 2jZAAPste] 2L ¢4 TMAC
84 g ($5& 80%, up : 69.5~70 €)F Agr}

(2) YA A=F4.
<54, mechanical stirrer, N; gas inlet/outlet %o| R 32}

" 2 L2] 4-neck flaskofl Nz gasF MM &) 3} Al7|HA ODA (0.7xole,
140,17 g)2} w-PDA (0.3mole, 32.44 g) W NMP(solid content : 30
wik)F Wi AL 4171 steld FAAch 228 0 T oJ3E &
¥, glove-boxollM FLH 0.1 mol (21,05 g)¥ TMACE F-¢lstgch
olul WH Lo Qo] 2x7} Agdidch  olF A2eAH 3 AT
LM F WSEE FF4F o] 8310 Varing blenderol s Eaistal
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th. FAEE AP ¥ 160 T RN ovenollA 24 A o)A Az
¥ convection ovenollA 3~4 A7 H4t olujE A)H %‘H‘%B] PAI &
d4girt.

2% 3-1o] Amoco processef] 2ltt PAIA|Z FHE {SIA Uehdgl
t}.

v, A2 g 23

(1) Torlon =8| PAIA ¥ ¥

Scale-upo] wlg 2P & UL E, WA adding WY, o]
e 24, 38 B, AMg-Erl % AL wE B, A
57 g g 13458 HIE A f18t] AN &4 {54
A7)+ Amoco processef wiz} PAIE A x3fglch A2 AL 1apd ko)
A ¥ Aol ule} skAlEA] ODA/m-PDA (7/3) W TMACE BA¢l
o] AME-slglR, EAlY ZAANEME ™ME 4~6 wixE ARS-siglon|
e 30 wik2 TP WHSAIS Ao 4 AT F FY
WH-E-& AlAlsiglct. =Y dkE EoiEA= NMPE FA] flo] AMS-3tdn
UE scale2 1 ~ 5 L FEBE 4A3gct HA Lul2E FF4E Al
£3lgict. olgY FAE E I11-5¢] Fe|sigdct. FE I11-50] Jehd
ul2} o] end capping agent: TMA 4 mol%gE AME-¥t AL7F AlAEYR
A Ex1E Jehgla ojul=E2e 200 °C oA 2.5~3 AJZE<t
AAstgon AE Brh A omEHEsl ALY & 4 Ygich
feldoleEE AAME} FAHE e Ushigl o Extgte] wel 23
4 ' astgct, |



™

'

- 1C

l Reflux/Distillation

Crude TMAC

'

Benzene + Hexane

_ ¢ Recrystalliiation

T™AC NMP

‘Y

ODA/m-PDA

b

TMA

' l M¥ control

H0

l Precipation

PAAC

$ Inidization

PAI

% 3-1. Amoco processo] 2]t PAI AZEYE
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B B ol83to] AAAY A7} ul2d G YRy Y= Ue}
uigla 2 gtoll ™MAC N7bitol mhet W4 E2)3} 800 Cold HFEA
7} tha wyEigEd ol oDA2t n-PDAY] W3 Ajolof st
microstructure?] "&ﬂ Ei= _?..&Oﬂhl 7tk L QI o 3
gl =0 /24 E0t ARE AAER fAH A= Yehigl
on et BHE FF +FY FY& vehio 5L 78] scale-up
Ay A2 Azyel K& F44ol TIE 2 4 Ao} gldnh.
A@7HA 5 L scale-up AW AFAZAE Evis YU A3 3Y=
AL chest Yk .

Monomer : ODA/m-PDA (mole ratio 7:3) / TMAC
Reaction Solvent : NMP |

Solid Content : 30 wt%

Reaction Temperature : RT

Reaction Time : 3-4_ hx_‘
MW Controller : TMA (4 mol%)
Monomer Adding Mode : TMAC + TMA

Inidization Temperature : 200 C
Imidization Time : 3 hr -

- Viscosity (inh) : 0,53 clL/é
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(2) W& tiolql& AME-¢ PAI copolymer A&

7 m-PDA (30 mol%) THAl o 1A tiojul g AMEEH] EY U
$X8 28 PAl copolymer& A 2§ A2HE E 111-69) viehjglct. E
tt ODA tjalo] MDAE ARE-%} 22}, TMACO] BEAE 7:3 (mole ratio)l
2 EYY ARE A vehdgch o714 & 4 %ol n-PDA ti4l t}
E oAasix] BuE tiolulg ALY Afole SFUEY Ty &
F A% ¢+ gigev viny M@z go] ASsE Y tio}
nlel 2, 4-toluenediamine(2, §-TDA), Bis(3-aminophenylsulfone)
(3-APS) & AA|3tx] 42 A4 ASolE u)2Y TEAIP] FUNE
$EY 471 ANT £4 Brt A% BRFEAL £EAEE NHNER #
At gh& ez gt tld &2 f-E]Ho|2EE uehigich. H3
3-APSE A]-S-{!'. HAC-12¢) Z% frequency &7}o] we} £EUE UL
ol &gttl, ¢oE riolule] BulE UHAIAN EH& ZAY ool
3 4 1342 E4E& Uehle Zfolis scale-up ¥ A3 FUY
A% LA & hgolch EU tiF-Ee WRE clotulg 8ol A
o] Wg ol&ste] & Exlute] PAIE AZY 4 USS HUY
4 glgich, wWeld A7 TiohNg MusA M2 4 ok o] i}
W olg3lo] AL F2E e TG PAI ZEUAE M2 2
FolN 940 B4 2E Aol YPSPHAE $8% oBolch
 EQ ol The AYUY WOAE ODA thY AMEBlol PAL § AZslS B
A& ulmstel HLT(MAC-13) 7FB4o] $4% poly(etherimide)%ta
2|9l BEAE AME-8}o] PAI/PEI copolymer® A Z8lgich E4 H7idzt
MDAE ARY Zfole RIS AMNE Rr} ohh A4 Uehd wd
PAI/PEI copolymerql Z-$ole The W& Zh& uehulch whebd oba
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Rrix Ztol vl MPYPels EF3tn MAE AHE31A] Y& ol &
#HE7 £ Aol FRY YAFY SHUE U E=RF YE
TMAC/BEA2] mole ] ¥ul olLg} ODA/m-PDAL] mole H|E BHEA|HA 7}
B4 2 UEEFe BYE At 4% 13893 UEEE A A
Sole AAFWEA &AL}, |

(3) A tloptl& AME-RE PAL copolymer A=
olm] YEE|gloL} ¥ A1} U2 WHLREE ofF HLo] &
¥ bulky alicyclic groupE HH¥ 2 ZR9 tlelnlg tlgz} e
b olsled A =slglcrh 2 =rfe] phenyl?] Alole] cyclohexyl
groupd EUULEH UYL T s glo] S04 B A 371
7t Z1tiE o] £ n-PDA Th4l o] & TiolRl& Abg3le] H3H X2 uw}
gt FEE dAISact
(7}) =AY Az
1 L 37 flaskoel 256 g(2.75 mole)?] anilineg M7}t w8z
§t % 35% HCl £114.59 g(1.1 mole) & A A|8] R7Isle] aniline
HCl saltg& A =&t Fof 53,98 g(0.55 mole)?] cyclchexanone 3 ¥
=] ukgrlo] YL 140 ColA 24 A7 B¢t vkgAIZch 2RS¥ 10%
NaOH £jo2 AMz|slo] ¥bg-8<f Mg pHrl 10~1IFE EHA gl
olol 4 separatory fumel& olg3lel &3 715 Ealt ¥ oy
EE MY /715& S8t ulikg aniline 5o HAHEE A 3]
2 ZEY Buld benzeneo] dmo] PAHYF-E o] 83t BF W o343}
3 2Bl 4,4‘-diphenyl-1,1-cyclohexane diamine (DCDA)& ¥4l
th (45& 85%). o|&& 'H-MRE-& o]-&3le] TZE HUstHcl
¥t cyclohexanone th4le] 3,3,5-trimethylcyclohexanoned AE-313L
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- A3 4,4 '-diphenyl-3, 3, 5-trimethyl -
1,1-cyclohexanediamine (DTCDA)& &4 gl2ir}.

isopropylalcohol 2

(W) YAy Az |
E -4 & 4 ARl olF A7 riohwlel KUM= 28
atake] PAIG & 4 A& ZHAACH 22t AAE} vt &
& AxE IA Y4HA ey XDAF MY FE 8§ A=)
Cha P SeldeleEE § th AAE N} ki BA Ushte
L 800 CoMd JEY TRFAE i HWdch @A AP
aniline hydrochloride®} cyclohexanone -fr=xj2}8] 7iQ} wh-Zof o] &}
of vlay A A=Y 4 gt DICDAY B¢ £H-Fol vl Wk
21} DCDAR] F¢ &S £HEE U F 4% 71 oot ¥F e
tloptl & Ax3le rlolqle] Fule| Mo ojE F4 HHF XAl
Edd-& 3A ALAFA UoA J1EEe]l BAEe Aedde
scale-upd HAIY ofYola EF AYZYYLEE AEU oFYoict.

F I11-7. Al W& rlohyl & ARS ¥ PAI CopolymerAl)

codo |Picaine Z’:gpfg: Inidization | 7 im Tg(ﬁ) R.W. 'M';’é.'i"]

ODA(70) (mol %) (temp, /hour) |(dL/g) ] (wtss) rad/sec

R | - T

me-3t| |2 235/3 | 0.58 | 291 |44.9]7.5 x 10
D .

HAC-33 ?;0: 2 235/3 | 0.49 | 281 |41.0l4.5 x 10°

a) DTCDA : 4,4’-diphenyl-3,3, 5-trimethyl-1,1-cyclohexane diamine
b) DCDA : 4,4’-diphenyl-1,1-cyclchexane diamine




5. ARSI YPLT $BE PAIFA A=

7} A z=uhy
Mechanical stirrer, reflux condenser, N; gas inlet/outlet W
2=A7F A8 5 L2 4 neck flasko] 95.18 g (0.8 mole)2] TCS} 400
mLe] NVPE Y3 AL 7]Fdtol Ice-bath& o]§3}o] 5 T of32 WY
Slgth 30 & Fol ALLT 42 AFWA o 1 Al F¢ A A
Tl oloja 112,13 g (0.56 mole)e] ODAS} 25,95 g (0.24 wmole)?]
m-PDA Bl 400 oL NMPE M A3] M7t A&o® 2 A% Ft g
AlZict. olold A4¥ polyamic acid &g FR4TE o3l
Varing blenderolA E4j% ¥ FH-4+2 4 3 AY3igla 150 €2
o4 AxJ|olM 24 A% B¢ A=zt ARH polyamic acid (PAA)
= 200C ¥ 22 convection ovend ©o]|88}¢] ojnl=Yslod B
wadel PALE ®Z3tglch A2E SN F2E H-NWR ¥ IRE ol &
3lo] Hldtgln P+ DMAce] 0.5 g/dle] =8 £33t 30 TelA
Cannon-Fenske viscometer (size 75)% GPCH ©o|&35le &Asigc). =
¢ oE 7Y PAl FEHA AR A FUE WHol o8 S8 s}
2] Wer& clolglg AMgdle PAI FEUAE U4E 4 A EY
SUY FY PP ol88lo] Head-to-Head types] 7IA E2Iutg PAI
= §pgsigicth
I 3-20] AYFUH 2t PAL AT AL TredsiA Uehfglch

-41_



]f
'

TMA

]

O0DA/m-PDA

Vacuum -i-lCl and -S02 |

!

™A

| l MW control

H0

' l Precipation

AC

| l Thermal imidization

PAI

19 3-2. KRICT Processo] 2]q} PAI A= ZAS
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15 =g U B _.

AYFY Pilol ¢ PAL H2E old A=Y Fold FHol 7t
3 Bt HERE W HFo] Foltt Witk & ARYelA A
tt processt= B AY FPUQY WH4EHE A8 AY FYY?
2] A2 AL Yol g3 4A 2ExLY PAIE Az¥E 4 e
Amoco process®] FHE& FAOl WEATE MBI VEY processH
AYsigch [(vF HEHES 5,532,334 (1996)). & A7le] wraNiQ)
T™MAR} 8k Tiogl& Zt% thionyl chloride (TC) &ul& ARE-3}of
A2oA R L Tt FH NE AFAM Y ELE Fe PAIFAE
e 8lA A Z3He process W3l 2~ 5 L FR9 scale-up 4H ¥
AYY A& AAIBgTh @ell 2] Scheme 1604 ¢ 4+ Q10| F71A]
path® PAIE A XY 4 9=t route (a)v= Head-to-Head typed] PAI
E AR2Y 4 2l route(b)e AAEZ} FAHE microstructures ;!
= Head-to-Tail 3} Head-to-Head?] &%} FRXE Z= PAIE AZXY 4
sict,

Route(a) ®Heoll 2j§t PAl M2 ®©a]l o2 Air Product and
Chemicals Inc. 7} A& Uehlo] Z5A-7+E ¥ secrecy agreement
ABg L FRAVE Fio] 23 NAEL A2 BAY
WlE EG A JA Beg © NEEA $4stiL Bl B
scale-up A& #I Su|Fel gt

%8} route(b) WP o8 HBE PAI Ao Agsicia U
2 Ao FHRo2 dy3iuct olg 4hEe 4Hh§ mechanisnd
Scheme 2¢] UEehAglcl, A7IAM & 4 Rl ¢4 &0 H EHHAR
Al 2}ske] NMPSF TCE A 2o A] ubkgA)# NMP-TC complex <% Vilsmeier



[ V—O—g——(}l - o ﬁ
v :;I. "Cl -0—S~Cl
CHy  CHy
NMP .0 ' , e
| —-——bCII V—Owg—O—\, Cl
& .

CHs (TC-NMP complex)

. TMA e : ? 0 -
T —— I i 0 +
.. ¢I°| V—o—s—o*c@ | | + HCI
| 0 I
R CHy

cl_'a .
0
—NH—Ar—N
HoN-Ar -NHp {_,c? “ |
COOH HoOC c—-NH—Ar«NH—]l-_l
| y _ |
NH—Ar— -
. ):CIJL M'l—]-m + S02 + HCI + NMP
_[.E COOH

cyclization
=" PAl (HH/HT mixture)

Schene 2. TCE o] 4% AN F3H2] mechanisn



adduct & BMAl7]l X o]AE TMA = diacid &} ¥h-8-AlF acid& ¥

A A E ciolnzt W F4 HeAA e e PAIE LY 2
oA xts] Azt Y2 ES7R] PP 2AF A EE
ODAS} w-PDAE 70:3008 Tt o]£8}HZ YSLEE AL EE 70
CollM dAlstden] Ralgf PN 2= MAE AMS-314ct.

(1) 2Uzde] IE AYY A7

23717 47 AAE Eule YUY 2AE F0 AMs] AR
7l $1%ted Wolx] AYE Ssiolcl B3 TC & 430 uje wzte}
o A8 #0098 AA oA ¥o] FPe Won ET NMPL complex HZ
AlE LT, WA W FjE WA wel FYAL By
3 E4ol e & RS2 VR oo tiyt AFE scale-up Al
8 Hof AA sk,

(7}) TC/NMP complex®] aging 2Xof wl&E 8
TC/NMP complex MR Al ¥-g 2%of cf§t Eajgk WE =4}
8171 $i8le] ole] E III-8¢f) Ulehglcth. I 111-8 ofA Ked3l ule}
o]l 10~20 °C & AN aging g B-27t 20| 7MY €& ¥
AY 4 slgich |
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F III-8. TC/NMP complex?] aging 2% 48
code aging temp, 7 1m{dL/g)
KR-series 0~10 0.245~0.40
HA-19 10 0,57
HA-21 20 0.47
HA-22 30 0.20

(1}) TC/NWP complex®] aging Al ol wiE 4%

TC/NMP complex #}2 A] whg-2% Wl Hb2Aj7lo] wjd o213k
R Het Z 2Eo)Ae] AlZle] uld R} HHE =AW F
A3 ¥ I11-9¢f vehjglvt. 500 mLe] Hb-8 scaleoA] 10 C o] 3}ef
A RSAN F AZO0R 2 A7 Al o 20 & 3 aging®t F
TIA] 10 T oJ3tE WA F iy wHEQl TMA/TC/NMP complex® #f
2 Fro] TMAFE W71 F WS tlopvlzl b8 A1l 3¢ (HK-1
E& HK-5)71 718 #2hgto] =il |

¥ I11-9, TC/NMP complex?) aging A|3te] &3¢

Code 0~10 C 0~20 C 0~10 C 7 inh

(min, ) (min, ) (min, ) (dL/g)
HK~1 20 20 20 0.55
HK-2 5 20 - 0.42
HK-4 20 20 - 0.45
HK~-5 20 20 5 0.57
HK-6 b 20 - 20 0.42
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(th) clopgle] A7buhy W whg 2z 4y
glol| A 7)Y TC/MP complex aging Al ¥ SE& I8t
YRE tlolnle M7t Al by W ojuf WHELEo] wE Hxjak W
AR AHE zAlslo] E 111-100] Bstdrh E 111-10004
4 S15o) 40°C o3t} WL TN Hxju W Jyou e L%
7} Zoisha Exjato] AP o 800TH MY RRRAL o8la F
stele) AAED} FAY =) B 2 Uehiglch

¥ 111-10, t]olqle] N7} uhy Qo wkg 2w 0] of8k

Code E"da;:r‘:‘:i"g Adding | Reaction | Zum |r (x| R¥
(TMA, mol%) mode temperature|(dL/g) (wt%)
HA-27 2 13 0~40 0.65{ 270 | 46.7
HA-28 2 3% 0~20 0.55 | 271 | 49.0
HA-36 2 23] 25~70 | 0.52 - 54.6

(2h) uig 2 23 4P
8L mechanism ofjA @ 4 gl%o] TC/NMP complexg ©]-8-%t
AY FYRLAME U Fol FAEEA HCl 2} s07 WAL,
meld olE HALEE RIRoE AlAste 2ol Exng /Y 4
gle ¢ eolojth RAHEE EIFolw ehsiA AAsie PH 2 8
Ul 2hg-Eo] NEE AMRlo] MABE Zlolth, EY UHE &of W
ol HAHEO] &8t 48 1T Alo) L Qurg 3] pEe] ¥
F FNe AYANE B Qo] AAHRR et ¢ FUUL Ao
AASIE ol ulgtxsitin RYTL, olE AF AAE F LI-110]
Aeister), iFlM ¢ 4 %ol VIR AN gt AL B
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of Z&3AI 724 BAHE AW AW A= Al AZs} gol Wagsho]
NRE A3 & 47} gk,

£ 111-11, 183 U3 Agoi¥el o ¥y

TMA end
- AF 13} 7 irh RDS
Code | TOPCE | e | Azl NBAZ
HA-34 2 No Yes 0.48 qa¥ (7]X2)
HA-35 2 No No 0.50 |&F% (71x%)
HA-28 2 Yes Yes 0.55 |¥+

(u}) g w=e 9%

Scale-upA] Zo81A 2asiol & Al 29 shurt “P-S- T
olth AN UYH FUYNS HEE 23 wiv oL} ZUUS HEF
o F7HE 4 A=A ZARE) #Hle] 30 wix 2 AT A3 thk
Ay EAHE vehfo] B scale-upr] 2F FHeEE Yl
A djFolrt,

R III-12, ¥Eese] 4%

End capping : Solid -

Code dL/
agent (mol%) content (wt%) 71 { g).
- HA-series 2 23 0.50~0,.55
HA-35, 40 2 30 0.45~0, 50

(u}) Complex 2} @7} Yjeol wid 9% -
X @7R) A7A3H= complex3 HMEZY F tlopul g Urishe



wjoe Aalztgden} AlMER} A microstructureZt YA|B}A|
¢igitl. & Head-to-Head £} Head-to-tail o] E Hj7} ¢ 70:302.8
Head-to-Head7} W& ZA¥& Ho Forh e} o]s} w2 ¥y
3¥ TMA complex& AH=Z3}of viojrl B-<jof Mridte 74 Exlukl
= 2 4%0] ¢35 Amoco process uj2} E48tA] Head-to-Head £}
Head-to-Tail®] Eu|7} ¢ 60:50L.2 Lleldg 'H-NVRE Fiio ¥y
4 Qlglth 28 o] MhEe BAolMe 2 2lolE Holx| ¢obd I
A] O processAte & Eelsitla ReEct (& 111-13).

¥ 111-13. T™MA complex?] M 7}of u}E o &)

Reaction |End capping| #jm |Microstructure R¥
Code
temp ('C) | agent (%) |[(dL/g) (HH/HT) (wt%)
HAQ-1 RT~40 2 0.53 50/50 -
HAQ-2 RT ~40 2 - 50/50 53.4
HAQ-3 RT ~40 2 0.52 - 52.5

(2) Scale-up A%Y

A7t AFZ2AE EvIR 5L FRE ANEY ubde) oy
PALY] = gl E4B7} ZAAE E I11-14 o] Jehfgich & 111- 14
ofd & 4 QiR Exlgt TPABZMH ™MAE 2 mol%E AMEYH B$-7)
NAEY FARE 2t vehlgdey Y o5E Al #3)
o NEAHE AAY A Iy X Aol RAEME dl 9
£ uhg-gulied NP S8 HA%, TC ¥ g W oo ma
complex?] ¥t Ee] Aslo] 7|Agicia Fit=Eln] AL &a) 31800 °C
o] [RPAZ tih UME RAFL gle H 022 Amoco
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process®] Z-FolMet vhRslAR WaF violwiel kg oz 7)Q)
$ microstructure®] W3 F& Aol 2N JtnAYe) o o
gfos 2ggch =Y FY N Ao BE SFEAE Bl AY
AW Az A AAE Hoh AR Qg Ushiey ol TCE sl
ARY Fae] FarBo| FUA Sof FAse Arle Ao uw
th. 2y 2 el B4 A $EU 429 A4, /AF 34
3} RAME 2S4S Uehiglth EY M-complex® diamine 8ol
A7t A2 Bpolx AlAF2} -FAIEE microstructure 2} B9&
vehisict,
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0T X 0'8 0821 89S €22 €S°0
uajaaj
aN - £'9% 162 25°0 €£,002 £2 2 ‘andun | T-HRH
aN 00ET 56 622 €5°0 €,002 g2 2 "Jewwad | ES-NH
HOT RO'T - S '6¥ 922 $S°0 £,002 ge 2 ‘Jesw0d | 25-MH
aN GEET q°9% 082 85°0 E/002 82 2 ‘andum | g§p-NH
0T H0°2 0621 S 6% a2 g£s'0 52,002 €2 2 “andum | gp-HH
anN OEHT ¥ 0S 222 as ‘0 £,002 E2 2z ‘andun | §2-3H
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LT X 0'8 - SIS (t P d 85°0 E/002 €2 0 vargrond | gz2-uH
» jaou)
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? 5280) | (x-gm) 3,19) (T8, Tme_ms.u - epead
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(an-arvas) FTlhrivd ¢4l fofelee Reix ¥I-III ¥
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6. AAFYRE o3 FAYE PAIAZ

22 A% Tl A28 dF Aol 2 YrclA oy WustA U
E-I" gct. 3 FAMxE g ol ot 9 Fa] FAH  (Menbrane
separation process)& 2lo] ma 4t Wz} ¢ wEe] &e Al o
U2 2ul7 A3, d9ge] oo, ¢ MBI F¥D HEYe] &
ol8}7] wjEe] Myt B Axl mb tEA, 2HFA, oeb, dEaty
Sol Tl 58 7Hedel don Jsl, dof HAPW FUY el 7
4, Adu] B} £ wlgo] A =k o] Qlch
_ olagt Yduel gt Helt olaivlx Huy e oj5g M
2% AP AAR (interhase), & Tl 8] WK Ee FAb
2] olate] Al (phase)® Relot: ubdomM W AAZ ¥ el
pea Fo| o] Yo Tl Rt Aos 2z HEY T2} &
=2} Aojo] 2l Ea7t Aotk mheba oE yelY oE BAE ¥
dues AH8Y 4 glou, AdFes USR] HHAE RN
Azl B4, & B A9 Ry, 4, AR, sy AP,
Az o4 W A= 7HAFol YA 2aAH Ao} Yt ol B
oM B AZEN 2Ex Wol gol AHgHIT gtk FaAH 2
Bajup ARFE  polyacetylene, poly(vinyltriméthylsilané)i,f PPO,
PC, PSF 131 polyimide 5o} %ﬁ- o|-&-¥ 3 9,11:}' 3~45

2 FolN plyinidel @& PUUAE UEhiL 2 AAF 7
CE, Do) cigt 94 vl T Roufe) iy sttt biAE B
Aol 74 el AREA 2 BYE Roq Atk It FapAs
7} Hl‘wl W7 diEel 72 A4t &2 polyinide § BAJLE A=
37 Y o] ARSZ gtk
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Eg HAd PIYU poly(amide-imide)= 8E MEEME o|n] A%t
HAgE BT8R ARG HREA Y d77 AR dgte
U ul$ sHegol gl Buolal ¢alA 1990dr) EolM wy d
37t AR lch

§198 u]=F Air Products and Chemicals, Inc. &= £ AFgo] 2|
EE AFFH &)¢ PAL Mol BAS Ueshlo] FEATE
$1¥ secrecy agreemento] 1996 104of AF3tgich wWH 8o
cjeh 3% 98 % EAdof titlod 6 W YR IAWE ¢ ¥ scheme 1)
route (a)& meh ofu] AP AAsto] Avte] AHES Bl FAlo]
EAWIME 8T A2 ujf QTsicie WIHE Yol BEATE AT
T YE 2R A2 4 1 kg& FIoIe] el APCIL] 27
of Wt 5 ~10 L FEE 43 Mzsje FFsidrl, |

2 A7FolE wabE Azt EeAAY ¥ YSYYen F
HA7]E WY & two-pot systemZ} ©AE A E3l Ee) Faglo]
Y W7NelM Addlol FUAIE one-pot systenS® Lhro| F%
Ne-& UG H A4t FYAIIE one-pot systemo] R0l
AT FUES EoIM o] WHE olgdr|E st =Y uF Air
ProductsAto}e] He] Z3te} WHE scale-up o thu]sz] #1stod 100 L
ol4t FRS WLHAE AAFolr).



7} Two-pot Systemofl &%t PAI A2

(1) g Az | |
 scheme 1614 & 4 $1%o] VUMl DIDAZ A=A fed
TMASH Tloltl& DMF Soield WATIR B F HYY T xylene
.- J_L]-—g-f]-a] azeotrop.ic. mixtureﬁ_ 2 Aol Olﬂ o] A x¢ A3}
3 E 11115 o Felsiglch. E 111-15 oM & 4 9l%ol x(AF 3t
A QI MeOH Fo2 HH @ $542 AZstdch 2ay o
ohles TAE AHEY ARole AAFel Sstd £5go] Vit

c}. __

E I1-15, @2 A= 47

| Reaction

Code (:mAe) D(i::;i:)e condition Y:zid Mp (C)
: | ~ |(Temp/Time)|{
DIDC-1 | 0.4 DA 80°C -1hr 93
‘ (0.2) 210C-3hr
DA 60°C-1hr
DIDC- 0. ' -
hc-2 4 (0,2) 210°C-3hr 30
TA/DA | 60T-lhr
DIDC-3 | O - -
bc-3 4 =4:1 (0,.2) | 210C-3hr 9
60°C-1hr : :
D1DC- . A {0, 365
1DC-4 0.4 TMDA {0,2) 210°C-3hr 61 6

(2) 3¢AY A=

A=Y DIDA § ARS3t TC/NWPE R UAR ALE3to AHF
3 A7 AF X 111-16 of Ushigdct oa 7ix] Ao Azt
RHetor} xlade] ujad AL Fygawte] dojig o 4 agch o
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t Y FU=A3 <GP Ao 2 A Ao gictdcl

3 111-16, Two-pot system® o]|&-¥F Ez]2}& PAI A=

Code Diacid Diamine | & Hi(T) 7 ok
/A] ZHhr) (dL/g)

DIDA-1 DIDC-3 TMDA RT/3 0.19
DIDA-2 DIDC-3 TMDA RT/4 0.12
DIDA-3 DIDC-2 TMDA 0~10/1 0.25
DIDA-4 DIDC-2 TMDA 0~10/2 0.24
DIDA-5 DIDC-1 TMDA 0~10/3 0.38
DIDA-6 DIDC-1 TMDA 0~10/3 0.27
DIDA-7 DIDC-1 TMDA 0~10/2 0.25
DIDA-8 pIDC-1 TMDA RT4 0.12
DIDA-9 DIDC-1 TMDA  |0~10/3, RT/1{  0.26
DIDA-10 DIDC-1 TMDA 80/2 0.15

L}. One-pot Systemof 2§} PAI M=

goll X Zl&%t e} ol wPAFE A= ¥ FA E2UA o4
3 Y UM FUVEE APAHLE Bl two-pot system
et AAdel § A2 AU ojgY FIHE F 111-17 of e
stgcth o7loM o 4 ARo] SR 42 Hrhe 70 ColM g
A2 Bt FUEI UL SRS Fol F4W HCLZ SOE A3
71 fi3te] ZARIAIY F97 g2 4 FeRT xRl Egten
bulky®t =& ZH= TMDARlI Ff-ole F¥x7l tha Agich (DADD-6,
DADD-8), ¥, b3 BulE AAx 4 AHEY Z§ (DADD-15,
DADD-12)ol &= BAE §ulE AMS¥ ¢ Er} ol ExPe] ALE H
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d 8 471 gk B¢ FIPLE F 29 convection ovend A 4
Ae|Algl F5 gy ExlFe] F7HEE AAY 4 odold o7 A
g ® 111-18¢] JJehy4icl. |

3t 111-17. One-pot system$ ©]-2-% Hajup& PAIA

Code Monomer % uzd 60°C/24hr | 300C-4br
(TMA) 7im(dL/g) | 7 1m(dL/g)
DADD-6 | TMDA/TMDA |70°C-4hr/vac, 0.45 -
DADD-8 | TMDA/TMDA | RT-4hr/vac, 0.42 0,60
DADD-9 DA/TMDA  {70C-dhr/vac.| 0.75 0.80
DADD-10 DA/TMDA | RT-4hr/vac. 0.61 ~0.80
DADD-13 DA/TMDA | RT-4hr/vac, 0.52 0.53
DADD-15 | 4-DA/TMDA | RT-4hr/vac, 0.40 0.50
DADD-11 | 4-DA/TMDA 170°C-4hr/vac, 0.50 0.53
DADD-12 | 4-DA/TMDA | RT-4hr/vac. 0.38 0.40

R 111-18. AN &% @ Ao o Exja) My}

100°C/24hr | 150C/24he 1170C | 180°C | 300C {350ColAt
Code |under vacuumjunder vacuum| 4hr 4hr 4hr dhr
{ 71m) ( 7i0n) (7210)] (721m) | ( 7imm) _(Uinh)
DADD-8 0.42 0. 42 -0, 42 0.55 0.60 iinsoluble
DADD-9|  0.75 0.75 0.75 | 0.77 | 0.80 |insoluble|
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£ I1I-18 o] @ 4 gUKo] ENelslo] Biwol Frlete 2z =2
A F7131A e 217 ded ole FUAl =AM stoichiometry
o YUMol YRY 2ul Fol M g Wik VR wha
A 29 AR Al ohAd Exjae] Wojsls @NE foss nEx
o] PALE ¥& 4 &S HaslgiTh.
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7. A

o) @74 LobE perehd thest Utk

7}, Amoco processel W& 4§ PA AZ
Amoco processel e} 6 L wg7leld 3 whgzd Wy sigl
ch =3 #3" 2o el 10 o Z1A] o4} tiolul& HEFAA
PAl copolymer& A Z3}: ol52 E4-& H71%t A=} 3-ApS2} 2, 4-TDA
§ M3t A9 32 243 dehigich 28 71EY g4 B30
Z A5t doirlg A=zste] o] el A-BAN A agAFE] PAL
copolymer@ AM2Y 4 ANL FHE A/ A st Uy
€ g =d o Az PALY Y 37t AAE ad3td o3
k.
o HYH A P =2
- 22kl : ODA/m-PDA (mole ratio 7:3)3} TMAC )
- 9o W 4kgeX: NMP, 30 wix
- 4bg2% 9 WhgA|Zk : RT~40 C, 3~4 hr
- Bx1 244 0 ™A (4 mol%)
- ghakA] ApkA] : TMAC & VA Z 83l A7t
-olnje 2% : 200 T
- ojul=2 At ¢ 2.5~3 hr
- 221 (inh) : 0,52~0,57 dL/g
o =Y PAlS @4 B34 9 71344 A7 A
- 10T : @} 400 T
- RW (800C) : 46~57 wtx
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-~ MV (345 T 7 10" rad/sec) : 4.5 x 10° ~1,5 x 107

(poise)
- TS : 1,150~1, 300 kg/cn’

u AyEyel A 4y PAL A=
A [l L Al PAL A= FRol ule} 5 L FEEINE
Az, ARgste] F3ule AL (A AR AYY ATE $%5a
th ¥UH ARG 27 Y XY PALY] EQYIE Lot e
g}

o ¥YW 3 g2
- giekA] : ODA/m-PDA (mole ratio 7:3)2} T™MA (u]A])
Whg-gu) g WSS E 1 NMP, 23~28 wtx
~ YH-g-&%=ql yhgAIZt ¢ RT~40 C, 4~6 hr
- 2=l 2HA 0 ™MA (9F 2 mol%)
- ekl M7} v @ Diamine ¥-& TMA-Complex2] M7}
- ojuj=g} &% gl A|Zh: 200 T, 3~4 hr
- £z} (inh) : 0.52~0,.58 dL/g

o AHz=¥ PAlY @AY ¢ s34 Est A
- IDT : <} 400 T
- RW (800 C) : 46 ~52 wtx
- MV 345C 7 10 rad/sec) : 6.0 x 10°~1.0 x 10" (poise)
- TS : 1,150~1, 330 kg/cm’
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tl. AAFUYPl AP Fe§ PAI AR

- ZZ%A] : one-pot system®E 5 L 3% W37 & o &% Y
3.

- MI22E Q! 5 : RT~70 C, 10~20 wt%

- 228 (inh) : 0,50 ~0,80 dL/g

- 239 ¢ u)= APCIef AlAF PAI 1 kg(2,0008) B3 Q5.



8. et A= 23 o<
2 d7olME Brh ol AN A74Ne fitt Iy
A¢Y P4Y 24U AYATULE WYl B 47 4% =
ol M A2ATE +Hisct
3 A F o PAITSRIS] 4% ARyl Tyt 7lRdT
e R TP
7] 2t 1995, 8. ~ 1996, 7.

7). By |
HEE PAISAlE TACE o8 stgEelo|=we] o8] Hz2sn

glom) o] A§ i7tel MACE YEE B Eelolyalg AH=2Y Hof
oln|=8 N)E 2 WA WgoT WEIH P HAUY AZFPoE o
sjo] AZT7} e B7 ohdet AHEAEY A 300 T olake] &N
= j¢ 2AEo|n Y Batge] FistE $Alol7) wjBe] HEAT
ol olay B4 AAY 4P 27HE 5 o glo] ©Y
U BAolE BRI U Lol Aok W 9lch

meld o]otRE 4% B4 Bk PAISAE o &3] AYAY 2}
ZEE A2 AsiNE 2EASE PAAE A7 wasic)

£ Aol PAISH BUU HYPZE ZH= PAI oligomerd BRI
of] mial A U EA )31 o] & Torlon® 4000T I Amoco process, 2|3
FUhelFel dsia AZY PAl] TYBt] SHUEY ASE 2
grh. o
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L. AY
1) OligomerA| 2 | | , | o
254 Mechanicﬁl stirrer, 7&1_4‘:7}_}. inlet/oﬁtletﬂ' B2y 2L
47 flasko] BAY diamine (0DA/m-PDA = 7:3) AT NMPo] &3)8H
¥ AAE ™MCcF diamine2}2] Jul7} 0.9~0.6 7}x] W3rlz7|z
end-capping agentql TMAZ SAd) ﬁ?}i‘}ﬁt}, Ice_bath.ﬂ'}oﬂ)_e]_ 5 A]
AR F FRpoN WAAA A2 Fol 60 T 24} ovenoll N 24
Azt A zxspedcl o]JojA] 150~200 C2] convection ovenﬁﬂkl 4~5
At B olml=RAA Bt PALE 1V} 242} 0.36, 0.21, 0.1,
0.12 dL/gQl oligomerd | X3}c},

2) AnAzE R 33 | |

A z¥ PAl oligomert Torlon 4000T2} ]2} FHg Ex1ak % 3%
& (IV=0,53) Anoco processel &}s1A A=Y PAL W HFZgdol o
) AZY PAlS} 5~30 wix HHZ Dry TYW ¥ 7124S Fre)
#%le] press@ ol83to) 320~330 TolM 2 £ ¢ RS FYAHE
Azt oem 345CoA frequency Ho| wje} REFAEZT Y3z

H] a8t

th. AWz - o

| 2343} Torlon® 4000T W Amoco process E= Z-]E%i}‘ﬂoil )]
3 A=Y PAIY] $8AE 1.0 x 107 [poiselo] v|2jA IV 0,21 o}3}ql
oligomer® 10 wt% o]4} M7} A} 1,0 x 10° [poise]~3.0 x 10° [poise]
2 §E3=I A dsddchk 2y 1v7h 036 F, TEARY
oligomerd& Y7t o FFAE Lol A7 At #HY A
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HAAE 2E EaAge] AL oligomer MY B $EAE AT
7 7134l & oelg AR Gk PALY /RS BN 4
giglct,



A 24 A+ PIAl Ui dxA

282} OUENE 282 v 4 we JEr Bage WEst e
AR AAF B 74, U BY, L8/A% AWY So| nj$ §
$817] TjBol 471718 FRAqE B2 VA, &, 3HF4A,
2] $o 232 v} 2o]: Qrh. Ba), $3 - $F, LY, H4
duh, 248A SME Ud4d, ¢dd Bo] 2PHEE FelonE
YA 5 dddo] St F4 U UEA} ASHL Qo

tiE2el g WENM2 polyisocyanurate (3-1), polybenz-
imidazole (3-2) N polyimide (3-3) Fo] 9leny, XF heterocyclic
ring 2 & 2t2 3lch

(3-1

—R— R y—R— (32
N N
o) ‘

i
O rx

o

- (3-3

o= 0O0=0

R, R, R" : € e ol 2F



2] ddse] gl PIA U= vi¥-Eo] BIDAA {8 & AHE-3]
of MxHEI e by wo| nisn Qe PI UENEE n|FY
Imi-Tech Corp.2] [Solimide] o] €3t 30 ¢ FE o= 9l
vl Eg PMAE on|ERAA RHE polymethacrylimider] 'dXEAIQ]
[Rohacell] & Rohm Tech, Incef &3 A|xtEjz glrt, whd PIAof ¥]
3] R-5/d0] Ui ¥ PEIA] gxA o] Ffole, PEI4R] xjAe] v
< 8 AEE A3l 4&EZ] oM wRI} bt Ay R Y
8] AZEEe Ao ¢dejA o ®af AIREXAMe] &3] Algt=la ¢lct,
%%} Dow Chemical Co.o} A% PEIA wWEAe] tigt 71 437} GEH
SEI2 M scale-up W AE2HE HE Foll sl ZL8 A Q. 2
2U PEIA] YEalE Tgzl ¢F 210 € $2 024 PIAo] vjs] LjgAdo]
oAl ©H & 32 et

Sl F§ AHsab At S, % 37 W 2&uY L A,
AA 2818 AP EE AR S MMtY § a4717] ok Al
A vz ¢HE 2 & o, o] AYY Jle & YA
FH Z2BYE o EI7] HMME AgodHME UE, ¢, ©eE 54
5ol $ E4 2EX} YENY ) Age] uff At FI| o]
E A Eolel B FEOE RolE PI UM M2IE R I,
871 i Ao @, AARY Je o%5 HIE AN 5 Y
A AU ER} EEA &S At 771 4 =Y E BuHs]
$3iA Wey Jdgolct

PIA UxN A8 Y precursorst thF-E W8& dianhydride
(53] BIDA)S} F 7}A] o|4t2] diamines EHES £ ko g R
¥ oju danx} sk YEANJL VG, BUE W A20M
AdE JUeEh#H AlRElE  diamines?} tetra acid?7} W& 7=



(basicity)$} 4%  (acidity)Z 71AoF Wtk oA Ko Ay
precursor A APH 4 e ¢ Jelg A¥FY, Uxne
Y S 3 A osiH 4%k & thermal heating,
dielectric heating, microwave heating W induction heating o] 7}
B3, Ftd2Y Fel MAE £4HBo] o3 e A7, BY Fol
ZA3"ch olu 2y FxE &) APA (precursor)?] T, #
2t Foll g3 2M™ 4 9lon], compressionof o3 WEEF WA
A 4 AUrh &, T B o] FUYW 71 FAF AHSHE TiY
T 72 UXAES A2RY 47} ch .

E APeME core Fi EY Y23 FUT =2 Y 4 9l
E gyg d7siden 298 SR P23 RES thermal heating}
microwave heatingS 'B-23lo WEANF A R3}oct & WE A4S
i) thertﬁal oven tjolxe] ojul7}d, 1i) microwave ovenollA &)
foaming, ii1) thermal ovenof|A2] ¥ 23 ¢o8 zME ),

1. A AR g 24 Uy
7h A¥ A= |
2 43 AMEY 2 AgES HEl] A JA AA
2] kil Ae}g Al IciE Algdtdlon, AH Al W el FHE
3 111-19¢] vtepfelch,



X II1-19, ALE ghakae] A= il @ E4

Al o AzsAE F| E A
Benzophenone tetracarboxylic TCI >95%  |mp:224~226 C
dianhydride (BTDA}
4,4'-Diamino diphenyl methane {MDA)|TCI »98% |mp:91 T
2,6-Diaminopyridine (DAP) TCI >38% [mp:122 C
I1sophorone diamine (IPDA) TCI >99% |cis-, trans-

| mixture d:0. 93
3, 3'-Diamino~N-methyl dipropyl Aldrich [PD96% |bp : 110 C
amine (DMPA)
1, 3-Bis{aminomethyl Jcyclohexane TC1 >99% [cis-, trans-
(BDAC) mixture
MeOH HARY PI7%
v B4
o 2 4

YA AZE $% precursor B HZY UXA|e) Hx} pzE

'4-NMR  (BRUKER AM 300)

division FTS 20/80)& A}-8-8}lo] #elsjelct,

o 3 43

% FT-IR spectrometer (Digi-Lab

A2Y YEAN €3 43U Du Pont 9900 Thermal AnalyzerE&
Ape-8le] EA 319 L] DSC(Differential Scanning Calorimeter)
of oj&f fFe|Ho] &%&, TGA(Thermo Gravimetric Analyzer)oj

3] B SSE Asielc)

(FAB2A, N; R& : 50 ce/min, 7<% : 10 C/min)

o FAPM2IHu| Y BH

AlZH wxAle] mgt HE ion sputterg ©]-85}o9] gold coating
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el ¥, JeolA}®] SEM (Scanning Electron Microscope, Model
JSM 840A)& o]&3ld 7| F2F [AACE

c}. PIA ‘43X Az
(i) Precursor?] A =X
a8k, 254 9 reflux condenser7} 2§ 2 L flaskefl 240

ml$] methanolz} 120 m1¢) S-§ Y 322 g (1mole)8 BIDAE AIo}el
th o gudo] FsA U uf 7 AN U F, 1AL 5
esterification ¥h-8-& 4=33}4ic}. |

Ty g NEL2EF 40~50 CTrhAl WAl chE, 43.8 g2
DAP (0.4 mole)2} 119 g2 MDA (0.6 mole)d 22 4 AJIstAA 60765
T 712 s23gch o] =AM o 5 £ WA ¥ & FE
sl o] g o] A2 MOHF Hrislol 84Y L WA
A}%] ¥, evaporator@ OB} McOHE ZRAIA (£E : 40~50 T,
A7t 1.0 h) 2% “3efe) precursord 21]5'3}93.5}. =¥ precursor
8 60 T £xolA 2 A7 F¢ AR Az} o §ujF YA A
ARt ¥ sieved ©]-£3Y 400ﬁm.2] T+ ¥ preéursor' powder& H|X
sigich. -

(2) HEA ] A | |
PI precursor o] A %"Q’% 3 mm FAL Teflon B} o] FY3}
FAR F2 ¥, 150 T2 2571 fFAHIL sl 28 Yol dd Nz
sidc). dd AR Pl 2ug BE miérqwav_e oven (frequency :
2450 MHz, power out : 600 W)&] 39} X-Eof %iﬂ%-.‘;’_ Ux 3ge 4
it |



olef @0 PI UEANE F FMAEE ol& 71ast7] ¢is) 250 T2
o] Y 75 ih-E-& 4¥Y3lqrh
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2. YFAE By | |
2 a7 29 3-3¢] yehd uieb 42 dF AY 3ol precursor
o Az, LT 3 AL R FJ ATFE izl Y= e

Pl Foams
Precursor | Foaming process Evaluation
diti
-|Resin composition gryi?g con on Density
oam
Blowing agent ne Thermal stability
Curing
Fl bilit
Surfactant Optimization IL;ml:a: ”
e
Additive primiza N
Structure
Fabrication
Application
Aerospace Train Navy/Marine

23 3-3, PI UENY AR A,
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Hal At 9l PI UEAMEE v]F Ini-TechAlZ} giof3tz gl
PI XM (MED : Solimide)7} A viF-E& AA|slz glen 2
ol2lel = AirexAl, Schuller InternationalAl S= 2ol AlRte] 3o
Sz 9k AeT ¢aA qlth E L2000 YAZ Y4 PIREA
o B& Fostgrh olFolAM @Al AR 24 X7 wA} e
Airex R-82, Cemofoam, HT-F W HT-R®] ¥4 ZzE 4dusid e
i g}

¥ 111-20, <445 JEEY FF

| 23] A} 5 9 4 E 9
AIREX-AG A9 A AIREX®™ R-82
Cemota ZarA Cemofoan
High Technology nj 2 HT-Flexible (HT-F)*
Service HT-Rigid (HT-R)*
Imi-Tech Co. n] =+ Solimide®
(713 gfo] AlE)

« 7Y =

Airex R-82 :  u]= GEAlellA] inf F¢l PEI (YES : Ulten)2} T4
FZE e A= Uiy & JEYHeR A
2H 3 9 ALE 3% UEE 0.09 g/on’ A
ojal ©%l 7|E F2E 71X 3lrh
Cemofoam : ool &2 ¢t @A PI £AEEA £ At &
31 padimide 2EE& Wet7e] e ey Aele
PIE 7lgsle A =RE|D nadimide 1Fo] F-siE/AA
Y& E &= cyclopentadiened] WEAZ 21L-3lo ghEo]
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2= Aow FAFC]L Cemofoamd 2ZiY 71X FZF
| e WEE 0,15 g/en’ 284 FF Tl

HT-F ! HT-R : -Suflell =2] ¢joton] U RAle) &3t NASAHIAM 7
W3t polyimidesulfone (PIS)LBHE H2EE Zowg
Relth NaAsAe] PIS (4#W : Techimer 4001)& 7]1#4
A Jigdol 4315t Q4A Brfof thdte A3 7}
F/dol #4317 ufel AHUH ciA, ¥F7] JF o
d, F2-8 Y34, vjBEYA £AE AHEH 4 9
o HTSAlell )3 722 P ©d-& UBAZE A= Zhof
3 glch, o] WEAME 371 T (700 'F) olAldM %
ALS ZHet Reg RaEel gk 2y HT-F 9
HT-RE 7|27} 33l fixje] wel 4] Atelr}

A olZtAE A 42 F4g Uehiz Ao,

g B dRoidE WA w4s AR 0% ol4g AN e
Imi-TechA}2] Solimided Y43t B slar].

27 3-40] Solimide®] NWR spectrun N P& FZE ekl
T} 8.2~8.4 ppm?] peakt= BTDA 8] H, 7.4~7.6 ppm?] peak: MDA
¥ 3 DAP2] H, 4.1~4.2 ppao] L}ER} peak MDA methylene?] H
pesk® $HHCh 2 peake] WA Wl A RE dianine
DAPE= ¢} 40 molexF A3l Sl ez usisten] ol F3o] u
ER 22} d2)sfat). &, Solimide: dianhydride® BTDA, diamine
©2 MDA, DAPE A}g3lod A=W diamine 2 MDAS} DAPS] u]&&
6:48 Yeigton EH Xile] 23} Solimide:= WE, 7|¥ 37 W
B & 2437 23t AXA A AXAF &AMt AL
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%5 A1 28 RS &% 41 Kb hE ':L M I R )

2% 3-4, Solimide?] NMR AHE g}
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diA glen Haol vehd cfEHQ AEAE= Du PontAle] A
AXA AS-2, WURA R Uniroyal A}e] 31 wWRA Celogen HT-550 &
o] 9t} |

13 3-5& Solimide?] TGA AY ZAUE2A 400 T HF2oja Esj7}
dojLtz] Alztsin] ol 27| FolME FF 27t o} 600 T
2 227t Zeprbd o 8%8] chary} gom AL BN 500 €T 2
ol 237t M8 doirt 800 Trt =@ < 54% FE9 charst B
& 4= qlct,

% 3-62 Solimided] 7]X L2 F RoiFE AxIYnZ Aoy
0.5~1 mm 3718] HFA% 71201 Roja gict 2L} 1 s Ao
A EA3td thE Pl UEAo] v 71X} Hjay YU Ao
Bolch AAMFos & uf P %M J|XE HF URAZ oz gl
£ Ze9d%, s, Felgd Rrl Z® 27} BN ul ol %
= 23l Bahihgo] SukEn TN REI} doji} wxE TP =
o] o137 djEd Ae2 Y™t BA Y4€ Solimides 430
7] &l 7143, ¢d {9 T2 33 47 Ao A=Al =)
~ 2of Uehd Solimide TA-3018) 43 X 111-210f Bz slaich.

22 g8 AR Y3 v AFAA HAR Schuller
Internaticnal AbS P1 NIENZ l'l'ﬂllﬁ'}il Q)= 7‘__.3 L} glont
BEES Y4B &'—i}ei onf 2ol L}em %’M% = 111 204 ¥
stgict.
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Sslimidt

samolw: FOAM TGA Fiie T0a-02.0%
171 H 1.83 53 Dosrate~: KAICT-J.B.LEI
Commani: 10C/a1n, S0ce/ain of W\ Agn gate: 02729/6% 10 2R
L]
- -
moJ — 304.9:%8.4°C 00.47 L a2.87 %
. ’ N £ 'r-elto.n. gt
[ I
j €
- ]
g ¥ %
- Re s i1oue .
g w© N, 84.19 £ r
- { .98 =g} -
= 1 797.3°¢ 1 H
T «0- | . §
re
- A1 By a
20+ . J# ’ -
MMWHﬂW;/ Maesssu:
4 P it e 7.9 X
v . === { 0,13 mq)
o S0 9°C
SR . — — 10
- 200, <00 [ 1] %00 too0
Tenperaturs {(°C) TEA ¥i.47 Oupont BEC
18] 3-5. Solimided] TGATHM
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3 I1I-21, SOLIMIDE TA-3018] thEAQl H/g2a)

Property Test Method Unit Typical value
Oxygen index ASTM D 2863 % 43
Smoke density Nonflamming 0

ASTM D 3574 :
Density Lb/Ft? 0.5
Test A
ASTM D 358 ,
Tensile strength 3584 Lb/in® 12
Test E
Compression ASTM D 3574 Lb/in® 12
force temp. Test C 50% deflection
% weight loss
Thermal stability|TGA none
d 200C
Continuous 100hr, at % loss 36
service temp, 260C tensile strength
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X 111-22, Schuller International A}¢] PI ®ixa] 24

Insulmide Insulmide CG Aero-mide
g
| 14} (bulkhead g;{ o 33;7:% b2y
e ulkhead, 7 (g |
= o= um) ggffzw Y278 Mo
- " Ifuselage ©d =]
A =
3% 2% AEUAL
ad v e dAag
S 4Hd, 2| 254 v] 4319
3 x: 2804, fAY |+ ety g R AR
i - W a1
e A7l | 54 -
A A -
A RALE (C) [232 232
block, sheet panel
o el 4'x 8 4'x 8’
t: ~10" t: 158"
U= (kg/n’) [8.6~11.5 9.6 9.6
- f‘?ﬁ,._F) 0.29 (75F)  [0.32 (75°F)  [0.31
<371 ¢ (%) |1.6 3.3 1.6
Compression set(%) [13.2 3.0 13.2
Compressibility L8 1.2 18
(psi)
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3. PI YUXEA AR

7}. BIDA/MDA/DAPA| PI WHEA]
BTDA/MDA/DAPA] P1 XA (AHEW : Solimide, Imi-TechAl): ¥

2] AdeElel qle PIA wEA AR Cf-EL A3l gleny
cost/performance®] balance’} 7}3 4%t RAo& BRI git) o
= MDAZ} ODA (oxydianiline) 5-¢] diamineo] u|s]A] 7}Zo] A g3}y,
3 DAPE 2UYoE B8l flexible polyimide?] FRojA itz
Al V2% heterocyclic diamineo]t},

w2l 2 AFolME Solimide?] 4 AME 7|RE 319 g3
PI WX Aje] precursorql BTDA/MDA/DAPA] PI4X|& H X8l o]8 UX
Y& +33gch il PI WA AX wAE che gl

+ Dianhydride®] oA EE (Y& AME)
« DiamineP 7} @ u}8- (precursor FH|=R)
- 4=} AE

- oy 714

< UX

. 78

. 7

PIA] LA M2 ¢ precursord] ARE, @it PI 428 Az
e THE 3HEE ANch & JIES Pl A Dhe 2 NP e
aprotic polar solvent ¥loflA aEx}8re] polyamic acidg A Z§F I,
Bie} ¥-2 the Jhdel 23] olnm=3le HF Lxo] UYL Yel(E
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o, powder ¥ filn)4A|F AX3= o oelx gleLt PIA U
A A2F A% precursor= BA}EL] I H=}s} olel, FYuIS
P2 UAxhk 1S FRAZ] oligomer H-& monomer reactantso]t}.

Dianhydridet= -£u]Ql methanol2} WI-&3}o] acid-ester BE)&E A}R-
tiw o]Zio] diamine} WE-g8to] WEA precursortl oligomer7} Hr},

a2y 3-7& & d-oA A R2E BTDA/MDA/DAP (mole ratio : 10/6/4)
A Pl precursor®] FT-IR spectrumo|ct}, AR LB AR
precursor& ‘ﬂz}i 3tE ¥ KBr pellet-& AF&3} IR spectrunS o
gt 3§ 3-79M ¢ 4 &= v} o] precursory primary amine
718 7HAal 9% moncmeric reactant$} oligomerZ2HE] -RelE amide
linkage® FAloll 74X Q128 & $7F qlalew, 1780cw oA imide
I band7t RAUSIA Yt AOE WFo] imide ringE olz] YA4EA o
&g & 47 Aglrh. EF 34207} 3360 co'elM 2] FoA8 T4 band
22X prisary anined, 12|31 1662 cn'e] bandE X E] amide 1inkage
(amide I band)2] E2}F H{AY 471 dolen AT &4 23F =
111-230] 2|s}gic}.
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223l 3-7, PI wEA A3Ae IR .».':.!2]_5_3}
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3 111-23. PI UXA precursor?] IR spectrum ¥4 Az}

Wavenumber {cm™) - Structure
3420, 3360(twe bands) N-H st in primary amines
1724 C=0 st in acids and esters
1663 C=0 st in amides (amide I)
1620 C=0 st between aryl groups
1566 N-C=0 st sym (amide II)
1512 -C=N-in héterocyclic ring
1440 -CH;

£ Ao HRHE precursors] IT-{§ A== ¢ 0,02~0,07 dL/g 8
Egon} 0.07 d/g oY AF UBAIL DEIAI ojeigch =
PI XA Az Ao AolM precursor?] EAIRFE WX S WU
Ald 4 Sl 38 4= 34 i),

Precursor §Jx} A& 2, & A2 2P iy A7+ 8 =
precursor?] 2-]]1% #3)A, rotary evaporator®} vacuum drying oven
8] 229 A A5 2YAALH, FY XY 3ol precursorF
Az, UXdYol AHE3tAct

u, AL P2
] dFolMe o 3% BTDA/MDA/DAPA HEA] it ofuiet W
A AENZA 24U BEX PUY FoZ JAEe AF PIA X
A Ax AF +¥43iArt
2 A3 J4& 29 héterocyclic diamineql DAP {1003/ £b)3F

Y 4 Qe A2 dianine TGP £ FU A PIA UEA
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8] i % B4 Bl alrh

= AFoA DAPE UIANY 4 U diaminel. & IPDA, BDAC, DMPA &
B4 AWE diapineo] 2 AMEECh VA AW diamined A%
A W& diamineo] W|3] vj@/gdo] -3t WUBEK diamined] W[ {KF
o] Jjxie] X F2E FU A 41L& FHe| Yk

F I11-242 ¥ QoA AEF PI WXA precursor MR-E 89
vt HojFE 3 Qltl. Dianhydridess BTDAR IR A|F|R diamined] &
F @ A4S HyAZch 53 & 439 F H53Q DAPE cfA] x|
ALE-ar g 2tAA]7|71 §18}o] IPDA, BDAC, DMPAY] diamine® 2}Z} 0.1
6~0,.36 & H|E AMg3iHc)

Solimide2} IPDAA precursor?] Vig4d& DSCE XA Z2} IPDAA
precursor?} Solimide®r} €Ao] ¥ & 4 2o, IPDA HErE
71171 83 peaksl 7] Uelxtch @4 A wiel o)
precursory WA EHE Ev BAIPol A2 oligomer AEf] &
SHEolal IPDA §ato] &71% 48 BIDA ester?} MDA, DAP, IPDA Ajo]
2] yhgof 23l ridgt AHEECl YYEHAEE ¢ 4+ AUrh

H =¥ precursor powvder& &3] AXAZ ¥ WX FFL AA Pl
wdEAE Azl AR PHLEE Pl precursor YAHE EHEE
zhelell A chch ol ¢log WAL AL Wl st Eal
& A3 tiAE "Helsich ohgol ol& 150 T €8A 2E80A 3 £
et o718 & AAIY ¥ 2450 MHzE 3}%EE 7138 microwave
ovenef| Yol ON/OFF Alel& WEE ¢ozich, ON/OFFE AAISHE 5
Hq Agol YAHo FUY EEA I A2Ec). Microwave ovenol
M LEZL dold UEAE A XMADE 250 CTE 27t 23JH &2
oM AAA WENY HUGE YL £ AT
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E 111-24. PI foam®) code P ZA (mole ratio)

Code BTDA MDA DAP 1PDA BDAC DMPA
IPDA-1 | 1 0.54 | 0.3 016 | O 0
~ IPDA-2 1 0.5 | 02 | 02 | o© 0
1PDA-3 1 - 0.54 0.1 0.36 0 0
BDAC-1 1 0.54 | 0.3 0 | 016 | O
| Bpac-2 1 0,54 0.2 0 | 0.26 0
BDAC-3 i 0.5¢ | 0.1 0 0.36 0
DMPA-1 | | 1 0.54 0.3 0 0 0.16
DMPA-2 1 0,54 | 0.2 0 0 0.26
| pvpA-3 1 0.54 0.1 0 0 | 036

Precursor2%8 23 YEAN7IA] dojri= HAFZ HBPS AL
2 ol $I3to] IPDA-1¢] tiste] precursor AIelRNE 2F UX
A7tx18] d2H& IR, FA BE, 4E4E T3t E43dch

Precursor.‘i'-} microwave ovenoA el WX7} Fyt ANElF IRE AL
" 22} precursorof & COOH peak7} FA ol Hisle URE FoE
1780 co” §-28 ow|E IF B peakst Ho)s| A3t Y& ¢
4 glch. ey ojn|= J/d peaki ul$- 3}7] ol olu|=2}7t A
H deloid W2 BEHAS S ¢ ¢ e, o= J/d peak 10
¥ A 2A AME & 4+ vk M ol on=Ede
250 C&] Zat ZFolM dojubn] UXo) Fojdh= F W 4F2 vi¢
A2 g o 4 gtk HE 111-2500 IPDA-18] IR spectrum® 43}
o @e|stqlct. .



3 111-25. IPDA-1 foam#] IR spectrum ¥4 Hz}

Wavenumber (cm™) Assignment
3420, 3360 (two band) _IN-H st of primary amines
3380-3450 INH st of amide
1780 C=0 of imide
1274 C=0 st of esters
1270 ' [C=0 of imide
1670 C=0 of amide
1663 - C=0 st of amines (amide I)
1620 C=0 st between aryl groups
1566 N-C=0 st sy(amide II)

1512 | -C=N-of heterocyclic ring
1440 -CH;

830-880 aryl C-H

715-720 lc-N imide ring

IPDAA] WEA] A2 FPof wE FA ULE TAZ JFHY ZH3
microwave ovenojjA X7l gojuid <f 5x A2 FA A7l dojr}
o, 250 TollA 108 Vsl ey} AWE A 15~20%0) T A7}
doldet. & &M IR &§F A=22} o] €3 ¢Fo] wiA Ul olnj=
B} QE8-2 250 € HE x7] AP thiEol YouEE ¢ 4 alvh
IPDA o] 71 48 B9 UM FA 471 2o oln=rt o
A doln}r] wiEel Ao nqln),

IPDAZA] AN S| T4 ©AE ARE TAZ RAS Z4AE &Y A
2} microwave ovenollA] WER AXe] A8 200 T FIo)A] ouj=2}
of whd FA 47} Ao 250 TollA ZHAIZ AlRE 400 THX | F
A A7t gem 450 T 2ol £zt doluiz] Azt 800 Tol
A 44~46%¢) char7} Wolglom 60R et FBAI WEAL o L
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ZA 2Yg & 4 gl

IPDAZ PI MEAY] X F2F AAPu|F L2 A & 73} 1PDAY
ghado] AL IDPA-1Y AF 7|X3A7)E= ¢} 0.5~1 m P ujay F
U 72F BRI Ath IPDA Ul BE P0A-3Y APE A
2718 227} o a0 7127} YA4HA RY PR Yol Urhuglch

$t2 IPDAZ ciM3}o] BDACE ARR3}o] Ax§ WUEAN S DAP, IPDAA
gxAet vl =holM UEsh Qoiitrh BIAC-1 HEAS F2F
IR ¥l ¢ Az}, 1780 ca'e] oju]= 3|37} Heln ThE VAGE
IPDAA] $x Ao} wisett XA WAarE et

BDACH XA 7 28 Axpyn|F oS AW A IP0AA %
Aol ulsiA 71 37)E vRstdoy RQE B33 st BDACTH ©
ol AF$d 4% ul FFNNAL ¢ 4 olvh. BOACA AEAe] dY
2& DSCE J3Y A3} BIACTE Wol ALY 47 fe|dol LEL: 267
ColN 247 TS UARS ¢ 4 2dich & BDAC o) 27HY 48 2|
W& 23e] fiate] Fsletel Uil do] asta glch. BDACA PI ME
Aol d224d& ToAZ MUY Azt BOAC Hare] F71Y 47 dRee
AA dojth} A LE& 400 C oA EA P B2d ¥ 4 &
orh J3 800 ColMe 2FHL 46~52% FEE char yield7} uf$
24 Jvelycl olde] 4¥ A2} 27kl DAPE viAjstol 1PDA, BDACH
Tlolul g ALg3loE YRAE A2y 4 Aoy /= 72 IY 4
gl 7lgo] tist] dvt ol Wedle 4 F244 DaPol WM E
Tg % Ud Hdo] ozt HolAle A2 Uelytl,

t}. %vll% A% PI ‘QM S B
IPDA, BDACE 3} %2 amine§ A3l PI UXAM9 AzJ} 7%
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stgAlgt A2Y LEA L T, Uddol Belxle Exde] uelitch
o8t g EANE ST Ayt ggel £, sixe] 37)

- &} BRI LA PI WEANE A3} 913l DAPE A3 ALE3A]
owA Fulg AMESo] Pl WENE Azstn MRY UEAN BN
BHrstdct. {uiEE 108} MIDE Al83t93L, AHE-#& dianhydrides}
diamine® %%t 2] 0.4~12 phr& ARE-3}gich,

- 10§ #uf= ARE-R PI UEA A2

F 111-269) 10& Suf2 ARS8} Y™ Pi precursor®] il-f 3
= 9 UE A%, YA §4& vehdgct. E I11-26014 R
v}2} o] Pl precursor?] :-_1% A=zt 4L 22 0.03~0.06 dL/g&}
110~120 CTE yehiicy.

ERL microwave ovenolA] WEA|E Z-IIEG'I_JE 7 %o 10§ 2 phr o]
512 AME-t Zlo] WEIL F dojyrh. YAEE BE 2N F43
A velgten, §A4S 2~4 phre] Julg AR B2 Fdch F,
Fulg 4% AME3te AL 2 wEIL I dojuvta, 4 Fad
o] $-4:% P1 UEANE A& Ao shsdiris A& Wit

v, wEAel Az AN ouizld, LE, FAH 2Tl A=
H uEAY g4 v 98& ¢olrs] #]3le] PI precursorg Al
Zst3 B4 HShE Al aglch, -
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FE 111-279) CHE RE XU YA 8lal ourled A& HAHA
FIRA Az P YEML E4& Uvehiglch E 111-27001M R u}
8} o] Au[7IE & 120 TolA 5 ¢ 719 % Z o] microwave oven
elld W} 713 3 dejdtert JlEe 7|9 £ UGE UM
T2 ohygirt. E 111-28¢1= I0E Jul= ARgsio] ofulrigzy
microwave oventAl2] WE RAE HIIAIF|HA A R§ PI WExA]e
E4& Jehigich. EelAM R ule} o] ofu|rlgd& 140 ColM 13
¥ 5ot 7}494313 microwave ovenUiefjA] on/off time 40/20 sec®: X
A3t WG o) UEZ 71 F doluy 71X are IR
Eb 7YY UENE G4 9t  EY Teflon Blo] loadingl
PI precursor?] o] #M3 R-EHA ¢t Hel oA ourid:
L2 AlFle Aol 71Xy A7 £X7 FEY LEME A& el 7}
itk A& ddch. oA FABRNE E4o] 44 UEMNE
Hzs}7) sl oulrtg £9t ohe} t}E RE T3 &3o] ¥F
Siojopat 2FHSE $4U PI WEAE M2 4 Jth

© MIDE &ul 2 ALE-§ PI UEA A= |

1 ol8]le] FHulg A7) §isle] MIDE &ul2 ALR-3lo] PI UEXN)
€ A233 BYE AR E 111-29¢) Uehfllct. EolM R v}
9} o] PI precursor| If VX 0.03~0,04 di/g o|qiT), EE,
microwave ovenollA] WEME Azl Lo MIDE 1 phr o3} A}
|1 Zlo] UE7 dojuiy oulrlgdo] 140 TolAM 10 & o3l ZAst
W7t JHedtgley} Az YRAe] 72 AJ)¢} EXI EIYsiA
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2l U=A(Blowing agent, BA)3 AFE{t P1 WA} A=
o) AY AT ¥ & ¢ G vieh Pol Jv) Vg A3

PL EAME A2 Agel 7|2 2718 2= WAV ASS
ggich. 1Y 37 @ Yed 2Ysta =W JBY 2EJ FYY
PL U=AE A=} 9)3te] BEAZ Mgttt AEAE d2s) &
=7} @& Unicell HCCE AMS3to] WEA|7} PI dxEAo] A G
& AW Hglrh, |

¥ III—30°"‘|§ wxa g 0.5 phr AME3lR, oJuj7td3} microwave
ovenol Mgl WE ZAS AAIWA AZL PL TN B4 Uz}
uigleh EolM B uleh ol ofulztd 140 TolA 15 & ol FHdst
A% WErt 3 doistth J, WEAI} Pl precursor o] U
2Eso] ofulZtd Qo] PoI= REJ} F Yolus Ro= ¥ 43
g OLEASL & Ao Aghsiche A& Ykl e, UEAS U3t
of W7} UE FA8 oA 7128 2718 2FsH=ol oage] gl
don AzY UTAZ} Yl o) dske EAs PAE stdch
ols} e WAL WEAY AMgPol YR Watwl o Yalo] AUk A
22 2a%e, YA dg ¥l xS %e}uﬂ 47 Adg
& 4+ g Reg gzur,

o}, @ EA(Surfactant, SF)@ AMSEE PI WEN Ax
YEATRE AHRsld Uehdel BAdE s fstel #4
BEAG AH33i] PI WEAZ ARSAch
E 111-314d&= ’gizﬂ-& 2 phri AH-&315L, ofu] 7}l 3} microwave oven
el WX AL ABAIWAM ARY PI YAl BHE Ushigd
th E [11-316]A4 B b} o] BXAF AHE31A] ¢ 7
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Fole W7l 7He Al oAdd A o] 13 £ olddAint, FEAE AMS
oy ou7ldE 16 T2E A3 § 4 YUich ofd A2 ux
of sl F8% H4YE AUk §, o Aol HojAA UoA+F
Teflon ¥tef] loading® PI precursor A7} FUSIA o ge] Eo ¥
27} & dojuir, AZE LEAN J|X T7|2 ZXE USl= tiE
ZEYE 4 Uk AXAE 2 phr AVE-31o] UEANE A2 F3} AANF
o2 7|2 AJ|7t AA veikted, ogt #E WAL XA AHE
Dol Yol 7127t ANIIE Aol JIEE GFHAA WlRoln], FE
A AHEFE €08 A MAE ez ZdHc) |

v, gxA 2} FRAE AHEY PI WEA Az
UEA G BE 42 UEME olF3 Sle 7IXY A7]8 X
g eg Ueth e E4E& JEld 4 Sl AAY 279 IR 2
YAl EXE UZMNE €7 fste] LA} FRAE FAlol A3}
o Pl precursor& {3ttt olefo] Fuiy FHe wWE Pl
precursor®] $4 AU, WX 2P QY pEA2] E/dol] 3t A3
23 stgch |

Zo)2 108 AHgSlel WEME Azsto WEAN 2 WA PL LE
Mo B4l nAE 9o An malh,

3 111-320]) WEA 3 FEML ggre HAAF|R, o] Zld=d2)
microwave oveno] el WE AL HEAIF|HA A2 PI YXEAN2
E4& Uehigith. ¥ I111-326f4 R upe} o] waxamsel ARAE
-~ BAlo] AL go 2N ofulZlEE 18 # B¢ Tl s WRIL F Yo
oo, E§, YEAY EYE 43140} o|gA AM2Y
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PL 'gXEAS] YEE Y ZPYME o Aol ule} 0.010~0.020
g/en’dleh WEAS J[X Av|et EX & g A2} YR 2ol o
83 WUgtony, AEAE 0.2 phr AFRY Afoe odS 16 £ 5¢
A]7]3l, microwave oven?| on/off time® 180/30 secs: ‘ﬂ'&% Al '7)\‘
of 7} Fakch FEAE 0.1 phr AFE Y HPolE oE& 18 £ F¢
Al7]13, microwave oven? on/off time® 120/30 sec® WEE A7l A
o] 7t f4vidch ol YL AAE e, UYEANQ RS A7
TEE AL ftiole F71A] o] AxE BF F P} §}
Che 2E @ 4 ook REAlY MTES ¥ AY A 2 Q Ao
A7 Y& Yo, cffFo] 23N T FE kAL 03 e
o o] A& ¥ Txef 71Uk 222 )
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1o} ol o2 71 AL HHAFEA AX{ PL WEAE ALY
& Zte ot a8 dshisich =%, a7iQl DAPE (A A
3t3, WERAE 1L Yt 71X 278t £27 FUsHH 0.01 g/en’
BEL U=E e T PI UENE @7 fte & FHAAM9
3y 20& Bt Ao Yozt Z2E ¢ 4 itk

4. 7 33E Y Az 23 ¥y
ot HellM Az £ uis} Yol PI YPEAE= .°}3ﬂ-9*l\%l’°l 7 ©HA 2] o
T BN TEE AAAM A=, Edol e TN A UL
Uethe A& € 4 Ugich 228 4ol 4% PI HEAE A2
371 fitlels 3 B3Y A 2AL Yzt RAo| e Fa3ich
« Dianhydride?] of A 23} '
- Diemine, &} B 243 Ml M} ) WG (precursor
)
- 1x} ArelQ] precursorA| X
- oflv] 714l
c -
73}
7t

2} 2AHES PL REAY] Bl AV HAE 2 A8 A
2wl vhez goh

7}. Dianhydride®] of A€ 23}
P1 WEME Mx3}s] itk NHx] A= dianhydrided XEY



esterifying agentd Al-83lo} esterification& A]7]&= Zojr}. o] uf
Al8-E| & esterifying agent®4= F, MeOH, EtOH®} isopropyl alcochol
5 uldol W2 alcoholo] AhEo] Hnj, AME8E dianhydride 1 mole
of tiste] 8~15 moleo] AL T} F, esterifying agent®| }of uje}
dianhydride?] esterification B=7} PAo] =cl, PI WENS A
o] qloj YutAH o2 ALRE|E= esterifying agenti= MeOHS} EtOHo|T},
= ml—‘,’-t)ﬂ#-]é esterifying agent® H,02} MeOHS] ¥} &u] E+= MeOH
§ 9502 Agsiidrt, AR dianhydride 1 moleo] Thsie] 8
moled AHgsialch. |

1}, Precursor Zﬂl |
e "5"’8‘3]*’] & Al?l dianhydride-esteroil diamine® M7}
o] PI oligomer& ¥/dslzdl, ol FHolM 2% dake vhezt &

t}.
- BTDA/MDA mole Y}
- Diamine2} rufe] 4] ¢A
- Fule] FF W AEH
- AxAL] 3/ W AN
- WEAY TF W AR

Pl precursory dianhydride-ester®} diamined “HZA|A YAAE ¥
T}, o] ul, dianhydride2} diamine® 1:1 mole B|E A}-&&}= ZHo] 7}
% Aysich

el G ol WE AJE Foln IFALZE Tk AP
& HARle qUS ste Juld MY 3t SR AEEE HY
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ABA Pl WEAE MR35 E49& Bk 2 #3102} MIDE
dianhydride2} diamine® ¥t 2] 2 phr o|3}E ALE§ o] 7} &
< B4 JYehie ¥EAE d& 4 sk g =50 &vlE
diaminez} FAlo] iz o] f4¢ UENE <& 4 ATl

WEAE o|Fa e 71XY A7 EXE AEAY FF AHEY
of miel & F8& Yeth AXUZ Y& FEA = I S/ 3=
2, WEA Mz fxof HYUY FEAE A= Zo] nie Fadt
th, & dFoME J&o £UE HIE ¥U APl EL2E XY
3tal gle Hlo|2A FEAE MYt W, FEAL| ARRFo| w
E QYL 4t 2 phr o3t AMR3H= Zlo] Agsich= g Wik
th. BEAE 2 phr Br} ol AMEHA HE 7R 377t YF Fto}
A Qe UEE Ze YEANE A2 Aol 7

BEA 2} npAix 2 YT FHo] E UE vX = UENE= €1
=7t B2 R0l 28, AEFE 1 phr o|37t T} UEAE 1 phr
Bl go] AME3E WRe HE7 UF mEEE YEE Holdl= o]
ol 8-, JIEJ UF HAM $4U E4& ¢€7] ojHr]

tl. &} AMele] precursor A=
Dianhydride, diamine, esterifying agent, &uj, A XA [ ¥
AE AHE#el WY Pl precursorts £ AEIE oixT FoIE 3
ZAA A=t YEE nEEd, of FHUA F2% AAl= o ol
- Precursor?] 4z} A= ¥hy gl 327]
- Precursor?] #x}8F

PI dXAl= Al AYef8] precursorg ©]-8-3lo] Hz3lng LulE
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HAAsh= FP0l WeNoltt, FAJME Bule] AR spray dryerd
A8, & AFolAE rotary evaporators VBB ALgtol
Lol F ¥A3] AA3tAcCE Pl precursorts SulF AR A A
227} YR g, Alde] AW G& doH Exlge] FI3l WE
7t A ¢e A9 doBR Ax 24 S AHI] Ao} R}, &
Ao rotary evaporatorofr] AR e} AlTHE HEYA|FHA
AL 483 precursore] el A¥E Az, 50~60 Teofld 1~2
A AR A7le Zo] JHE Fysidch |

- 2}, o) Ul

PI precursor@& ©l-&3te] YA A2y uf, o] 71de] 2Ad
ulz} LEAF o] F2 = 7R 7] W EXR, UEAY Fdo] 2
43 Uerh oy M 2UE precursor?] R/ge] whel 3A [
stgen, AL LEAME JHdske At o} JI28 279 27T
zt7] o2 WEA7F dof Fch ol &S AR RE oy] d 2%
£ 100~140 T/} AAsici ek R|gk, AR precursord] R/l
ulel AU B3 AP& ke Aol 7 nigkalsich oy] Jld AR
2 Y AA e Aol 7Y A%9 FX7} F2 UENGE & ¢
sgleng 2% wal o AL AILE AYAIAM HYE +B3}
of AP AT XA Folof Pr}, & AFoM= 140 TolM AdZ
3= Aol 5~20 # BE H4S S of Y 2 UEANF
st ' /

uf, W
PI XA HRof AJRE UX oI 3 71217} gld], &
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Aol FE microwave oveng Mgt WYUEXE  $9Pslgict,
Microwave oven.2 WEANE Ay u], AHxH PEAN2 &4 e
2 T2 Al F¥E werh

- Microwave®] output power

- On/off time

W ZAoM+= microwave?] output power®} precursor®] ¢Fo] A=
H gEAe] 84  E%8& vArh. £ AFME frequency}
2450 MHzo|3l output powerZ} 600WQl 7} -8 microwave oveng A}-&3}
o] precursor?] :°¢;’:’-} microwave?] on/off timed] wjE WA el EA
WMAE AnEgic WX AMEE microwave?] output powerE ¥ 3
Al o] oif- o7 aiEell, on/off timed HWAA|A AHAHO
2 YgXo] AME-EE microwave?] oFo) wiE HEAS] E4 HHE Al
Holrh fo% UBAME 47 H8 242 2L precursor?] 274,
@ Al Foj whet gehion, E dFolME 32 microwaves] on
time & 'UE7} Huigto 2 Yol wfj7ix]e] ANLE FAE 3}t o
BA HEY A2 precursor?] xAdo] uie} TiEA|RE 100~120 X A}
oloffr W}l iy Yoiuict tHH, off time 20~50 X XA}o]oflA
AU £l YL sigrl

uh ¥ 2%
Qg 7Itlol WEAE M2ths FEAE Yol microvave ovenol

N REY WEAE wx| 7)Ee Y4sclgles KA HE drjel=
S ¥ Z3l was, ¥ A% 2AL e P Al A W

vt
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- Temperature X time
- Nz gas purge ¢

¥ A% FAL A= 2HoA o]FoJR)ul, microwave ovenod WY
H 7122 imidizationg YoA YEAM /1A B vehiA =)
Ztl, of uf, ¥ A3 L% YR wow WIS AR 7} a%E] I
A3 Z=F "Hol=gn, 257t R e imidizationo] F£3] ¢
ojiuba] ¢lotd 4% Z|AY ZEF A+ Jol Hitsdith £ dFel
Ae 7128 inidization® YA AlA 4% TS Uspls AR
g Azr] AL 2A% A7) A%l 2= W AL HAAIHEAM
T 33 AdYE suArh. AY A, F FAY 2= 220~270 T,
Are 2xo oiet @ebd e 1~3 A1 27} sy
¥ 3 A Fol WA FQ AR UEA L) Bet M) 2 o
P& ujAch B/, 260 T ol &2 =AM F FAF Adl: 3
Sole 4F FUNACKE A3} o] HA| ¢ UEANG Q&
ol

5. UEE PI Az FBY FAY AE

2 dFelMe ddzt dddel edte, AAY Fdol wHeold
PI UXAF Nt} FAA 22 Hx3}7] 93l A2 Wotel] chyt A=A
& Ayeoz HEIYch PI EREA AR ASEE UERE
dianhydride, diamine, esterifying agent, 3uf, WX, AW
ol AFEEY, E 111-33¢] o|F x| i Wr1E XApslo] e
gich, E 111-33o14 & 4 gl& ule} o), Imi-Techate] FH2} &
AFHAM AU FAE PI URA 1 kg AR AMEEHE W - ¥ AR
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8 ¥JhE vlasiach ®©xl YAELE I3l AIUHIDL gle PI E
T thde] 74L& FA7 25 m, Wel7t 1 wolw, 744 30,0004
FEolTh. PL WEAY ulFo] ik 9.6 ke/n’ o|22, ¥ AFHAA
ALY FPLE AUHI Qe PL UEA Pd& 237 AT Y- F
Azl Wrhe o 2,300¢00] £8Y Re® mighgrh A, Ini-Tech
21l el o3hy {2 xhdE A3}7] $13e] 3,1008 Y=t £
L¥EE & &F HolM 7iutt F3ol 26x o4 Wt AP EIE
d& 4 ckh

= 111-33, PILEAY o - ¥A8 714 £4

U ~ KRICT Process Imi-Tech Process
T/ | 718(/ke) | 28(kg) | 714 (H) [ 24 (kg) | 7HF ()
BTDA 12, 000 0:62 7,440 0.67 8,040
MDA 4,000 0.38 1,520 0.25 1,000
DAP 40, 000 - - 0.09 3,600
gE 300 | 0.32 96 0.32 96
<o) 40, 000 0,01 400 - -
A XA 60, 000 0.002 120 0.03 180
w3 A 10, 000 0.002 20 0. 003 30
9, 596 12,946

% Imi-Tech processeol] ]3] 26%2]§
% 7]&2) Ini-Tech®]&E (Solimide)
v] -0, 0096 g/cma, E7 - 25om : §¥30, 000/u’— 30, 000/240g
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A, FgALes PaEo] ARREID QU vlF Ini-Techa}o] PI i
EN (4FY : Solimide)F Y4e3ld £M2 A3}, 23 TR} BIDA,
MDA, DAPE o[ftol3l Z& ¥elsigrh 2 ARl 919 A7lx 9=
Fold A28 7HHo| 713 w4t DAPE 71Fo] A anine OB i3}
71 f1¢ 473 F A Yo $ysiolch A P Aol
- 2 BAol 944 dianineg HPsio] DAPE HEHOZ riN3H= o]
3, S PP ArlolAM Uld EA Y =7 e anineAd] J
olg A3ato} precursord AZ3H= Zolth, HY F WY BT B4
ol $4¢ PI URAF A== o] sMesidon], DAPE ALY A
Hoh 25%0l el U7t A7 xR E% 4 glsdc}'. -

oj4e] A ANZHE Felo|ul= LAY Az Yo %ﬂf’i =
i %“H% 33, i‘i’-l%-fﬂ 23 é-ﬂﬁ}a’itl
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6. 3 &

21M718] 2pE2}, ®F -5, A4, a4 JAY F e47171 A4
A ZRYL wol7] #3] Rett Y FF &2, FI) & &4, ©
g FEA LB AREEE IUE, ¢ PI EEN #Y¢ AFE 44
33T

H2etAY AE EdE £ dedM =&d 479 FEL e
2l

1) P1 gxa] Hxof ZujE AlE-3lo] 710] DAPE €3 sy
2 S

2) uEA Y YRAE ALt YENE ol F2 Sl JES I8}
EXE Aoltlte, E/do] $4-¢ WA E A =slr},

3) PI wxa Axe] 2z Y 23 AL Ygiact

4) APAYoR YW PI AR XA E EVE scale-up HHE %
stalct,
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A 38 54 PC W A7 ARXRJe 9+

4 PC W A AR7a A7 28A Pl

(1) 8-8718/dol 442 branched PC, |

(2) PCe] RFHAE BrAMS 2%} sol-gel '6'}53?.‘574[ } .

(3) &&3Y 2 PC A=FBE dFsidon $§3YdTE I
©A A2 A% ABH ofFolr}.

1. Branched PC

7k A9
1 ¥ =5 | _
Branched PCE A R3}7] #3}d FHR<el bisphenol A (BPA),
phosgene B! branching agent®4] 3 #'37] comonomerF A}-83}aic}.

(7}) Bisphenol A
Bisphenol Ax AIHZHYR B39 branched PC, F4 Y
PC & it PCE A237] AT U YEL2 HUedTU ()Y dF
Alebg FAglol 2cid ALg-3taict.

(L}) Comonomer
S+ &§& 548 Jdehile PCE A x3}H7] 3l ey &
o] &2 712|F 2tE branching agentd AR&3ltl, £ AdMe
EURAME Ec]2 THPER} THPEI F 7}A] comoncmerd M A 3}e] A}8-3}
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(vh) =23

AR Fedel 2% PC Az gojM H4 HEQ] phosgene
&/dol wif Asiar, =g, Faldol FAle] TR ol¥rh
Phosgene< carbonic chloride, carbonyl chloride & chlolrofomyl
chloride F228% E2|¢H, bp7l 8 TR YME A2oME 7}& 4
elolth. Z g wiBol o]l st phosgened AME-3te A}
oM ANFeT FR{ gt Filsie g Lv)dta A= AAYojrt
¥ dFoME ¢=7 99%1 phosgened ulF8] MathesonrlEZ4-E]

Fiste] dHel ARt

(2) Branched PC §}4d

7% H’do| 4% branched PCE AR FIYE& AHE-3to] AW
Ad3yoew ax3tqrt. Bisphenol A2} phosgene?] ®b-§2 2% 3-82 |
tlh. 2% 3-80)4 Hi= uie} o] bisphenol A2} NaOHZ} Q1-3-3fo]
bisphenol A sodium salt& ®Ad8}31, o] salt’} phosgenez} ul-235}o]
chloroformate?] & wWetel] 2k oligomer& & A ¥t wag.q 21 ¥ m)]
UAQA oligomer Pd- WU uiel z7] viE YUI|E ZEe
oligomer7} YHEBE, MELE, WAL, NEES moler] F o8
HA] gz A% A 2O e S HUY Wgolth oYA B
¥ chloroformate form®] oligomer: Th& %lA8] ¥bS-& AXEHA B
zgro] F7tsle E=}a2] PCOl Hrl,
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cH o o CH3 °
""'*'0‘@—‘% —©—°' Na* & (ntw) cu--'tl:—-cn — cn—t':l o—@-—t:: —<C:)>—(J-—£I ]—a
ch3 on y
Type 4
' o ' CH3 o .
o o000 -Oom:
(:'i-n ' clm
o . Type . ' : ' '

.
i~ ot~} v
clm u CH3

; ,_+.,_©_E_©_o£ﬂ..o <

714, x=0-0,2n, y=1-12, z=0-12, u=0-12

23 3-8, AARFYol 2§t PC Oligomer 31/

Branched PC #Zo] ALY AANZWYL 2A 6 BAR o]Fol4 gl
(7}) Oligomer %}/

BPA/NaGH/ &3} phosgene/MCE E33baM AA34 HgAZc)
'olrﬂl branching Agent& 0,05 - 0.6 mole% AHg-stAc,

(1-]')' Pblycondensation wke (1)
249 oligoner-@efo] Exjat ZFAZ PTBP 1 - 10 molexd

A polycondensaibn e AlA Bxarg 271 ARl

(th) Polycondensation ¥h-& ( 2"). |
Jui A TEAG ¥713td Exlgk& F7HAAc)
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(2h) &4 g
(uh) A8 33
(v}) =% 23

(3) Chloroformate %= &3

Blow moldingo] 7}=%t branched PCE A|X3}7] fidiAE 218
Zo] o8 717 2AE Axled 2 FHAE AHA @Al oligomer
Aol A 4t &, Wil Y chloroformate w2 & 2t
£ oligomer7} %Hdxjojofut thg WEE& AXM &80l 4+t
branched PCE 4% 4 qltl. 2822, 4% branched PC
oligomer¥: oligomer Wglol]l o] ¢l= funtional group€ A OE
et7] #|3to] chloroformate(C1-CO0-R)S] %X& 0.5 N-NaOH £oe
Ay sto] AT

(4) =218 &3
3124 ¥ branched PC&} 4tekladel Trirex 3020, .3030 4Al&
chloroform €ufjof &4l 0.5g/dL2] £-¢4& Ostwald typed] HEAE o]
£-8}o] -g-QH HAE (solution viscosity)}E 25 TollA] &84 PCE
g Ea}slo| =8 g (tetrahydrofuran) -Brfo] %4l 0.3 wtxd] £o
2 y&oM GPCE o] &3l Exluh& &AY3i4ir}.

(5) £83x &3
120 CoflA] 24 A|7t AFAR A2 PC HEL = 2E o] L3}
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250-260 TolM U&HBPL= RS FAFE ABE AL F
plate-plate type?] Rhecmetrics Co, 2] RDS II-§ o]-&3}of 270 ToA
10% strain rate® 500 rad/s7l2|9} %3 Y=F JYRch A
&Eo] wE $3AY AEE L7t 1681 Rosand Co. o] EABIEA
(capillary rheometer)3 o]R8lo 270 TollA 10°-10' s7'2) ARG
Nl FAstAS 33 ZA2+F Rabinowitch correctiono.@ RA
stgiclh,

U 43 d 23
(1) 3X4A R Az -
ARSYYLE branched PCF A 237 Hidlole Bal 47} Sy
o] 7%} phosgeneo] W43 o2 ARR-¥ch o|8} I phosgened <A
317 L8317 Hslole Bt BAF DA Aztelodol wrl,
= @M= phosgened] VA& Wojmz|x] ¢kst ¢HASA ALS-5}
71 #13td ohEzt "ol 2A M JHx FELE wrold dA ) A3t
At

Phosgene =¢} 2}¢!
Phosgene X3 AtX]
Branched PC #]2 #}x]
(7}) Phosgene £¢] &}l

Phosgene> F-go] ml¢ 2t Ao, u|fo] 8 T ==
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oj-$ i =Y, F7]) Fo U €4 UEIE F4]4go] nff 73}
B2 phosgene £¢] eIl 213l HPo] Fa3ich E§, phosgened
2t =50 84& g {37 $dl =4 2l AT AL
TH71E RABLES A= 2o Fadich £ dteAe HA P
& 4%l RE RI& R Teflong& AME-3}9lC, three way
stopcock& AHE-3le] H4L FFeidE AAIst4cl. Phosgene manual
control valve® U+ ok XA} v, 1/4* 2} 1/8” Teflon
tube§ ARE-8}o phosgened EAT}= 1 L Eel&A 71x] eRI& |4
3tqlc}.

(1}) Phosgene X3 Ax]

Phosgene2 714 HEefoME F7I¢to] w7 wfEo clE 7l&
he @l regulator FLE ¢& XYsle o] EbEdiTL A% F
BLE PCE A& FHolME phosgened nl2] Eufe] =el F

metering pump& F8o FPHLE FFRich
a8, 2 dFofA} AFR§ batch reactorofAlE metering pump&
S5l AYA 0T phosgened TFsI= Fol E7=3l2 &, branched
PCAH|Zo) AHE-E& BulQd MCol XX st FFIoE FIdh= WY
AdYsigict. =§), olo] whE phosgene EF FAIE retste] A ztsigl
t}h XE3HF phosgene Teflon tube& AlS-3lo] U1-8-I71R o|f-3}4lcl,
2% 3-9of phosgene £¢] ezt EF FAE uehfolct. 2§ 3-9
oAl B Hj#} ol phosgened] X2 ml2] Fyg W MCE Wi
septum®. &€ sealing ¥t 1L &E}__&.ﬁoﬁ 1716”7 Teflon tube® Y& ¥,
manual control valve® o}& RAMS}HA|, phosgened XEZBIgdcr. ¢t
A& 8 dRUolrE 4 AEH NeOH 48YLE FEHE
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phosgene2 X3}t XYW phosgenes] P2 —“r’*ﬂl% &g 3te ut
of] Al-g3tgict

il
M/ =
NacH N; Gas cDC
Ice +Water +8™ R PV |

23 3-9. Phosgene £¢} Il 3 X3 33|

(t}) Branched PC AR Fx]
Branched PCE AHAM AL E A=23t7] 9isle] 2L &3 IA
ol T3 #27t Hett W78 222 g AYPP-EFE 4A, A
Fsioch g7 A 7el ¥FEEY QYL EF Reje Teflong AHE
3t] phosgeneoll 2j{t HAl& W8} 3L, phosgened] &g WA|3}7)
#1314 sealingo] I EH=F 3jdch 2§ 3-1001 g2 R #FE U
Epj 2t
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=1j CDC/MC BPA/MNOH

4 (| ¢— Otess-made Tubular Reactor

| « Cooling Water

Nr= =

loe/Water Bath

%] 3-10. Branched PC A 2& 87

a2y 3-100]4 X u}e} o] BPA/NaOH4-8-3} phosgene/MCR <o)
AN ASHES e ReBLE o] 25 cnd] Y I E UEA

on, P& AEE ®ol7] Al f-e]el baffled 2|7} YAUrk 2
ARPYUZI 2R U UEEY UE HEE Eol7] #ite] 2L &7
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8} w18 YAt

(2) Branched PC %A
$8 B4ol $4% branched PCE ARZ YRS M3t AY
Aoz Azxs}Yr]. Branched PC HRo] AMEE AAZPULE 2A 6
dAZ AXed 2 FelAx AHx] chAQ] oligomer $/do] 71 F R
8jtl, &, chloroformate $57b 3 A% oligomerd Woloput Linix)
N ANA F4ol $4U% A3 NLES 2% 4 U7 dBolrh
Branched PC oligomer ¥4 A chloroformate?) o] njxE Qlale
chF2t k.
- g2 e
RhgAl 2t
C HEE=
RA ] - |
-+ BPA/NaOH solutionz] phOSgene/MC solutic;nP-l dropping &
PA : NaOH2| molen]
- BPA : Phosgene?| moled]

Chloroformate?] %7} A%t branched PC oligomerd 7] $)3}
of th&zt AL Wi oR oligomerF Al Z3}Ac)

{(7}) BPA/NaOH solﬁtionl} MCH HEg 7)ol n]a] Yol & F,
phosgene/MCE dropping3he uhy |
- Branched PC oligomer& 3144317 #13le] £ d-palolA =3}
¥t phosgene %4 €jRle & MCof phosgene® XAI3lgc], =AW
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phosgene?} ¢}oll uwia}, BPA, branching agent?] & mole uvjo] WA
FAE A NaOH Edof o] 2 L £ yhgrlol &Urh
Phosgene X3 ofl AME-H MCE A U] MCE HHE-7]of H7lstx,
300 rpme® uE3}REAM, 1/16” Teflon tubed AFR-31H phosgeﬁe/MC
£d& gkgrlel ¥7IRIc). Phosgened] {717t $EH F UEFE FE
3 HuU7l s 2 A B¢ e ASAZch g w2
chloroformate?] %X HIE ¢olR7] sty 30 & 4o ARE
Ak ANY oligmer ABE BE FU FANY ¥,
chloroformate 52} pHE Y A 3lo] 1 e E ‘111-340] L}E}
wisict.

3 I11-34, ubg-A|3o] u}lE Oligomer?] Chloroformate £ M3}

Sample NaOH @F |Chloroformate
Code Time(hr) | a1 3% (uN) P,
BP1-1 0.5 2.6 0.36 1-2
BP1-2 1.0 3.3 0.46 1-2
BP1-3 1.5 3.9 0. 54 1-2
BP1-4 2.0 3.0 0, 42 1-2

A B v} o] branched PC oligomer?] chloroformate %
= phosgene 7} ¥ 1.5 Al FRF {HEAIZE of 0.64 aNE 7} &
< & JElWen, pHEe 1~28 g 4t & el

(L}) BPA/NaOH moles]& H3}A|7]& Wy

Qtefla] EAMAo® dof gl W pH & w37 93l
BPA/NaOHS] mole M|E 1 : 2.0 ~ 1 : 2.40 o8 A7 AlYs}
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gch. Y2 BPA/NaOHS] mole ¥|& AT uoix] Wh32A2 oo W
W3} FUA e 2 A3F E I11-359] Yepfact

3 T11-35. NaOH ¢} = E!—s-)-lz!d }& Chloroformate &% H3}

Sample "NaOH ¢ |Chloroformate

Timel(h
Code me(hr) | 1) 3¢5 (mN) pH
BP2-1 0.5 2.5 0.34 7
BP2-2 1.0 2.6 0.36 7
BP2-3 1.5 5.2 0.72 7

el B ule} Zol branched PC oligomer?] chloroformate %
= phosgene {7} ¥ 1.54|1 Ft WEAAE ol 0.728 71 =2 3L
& Yehdflch

( 1:}) EAA/MCE u-E-7)of ‘#1 BPA/NaOH42 -8 dropping

ﬂ—g—g—% A7ttt Mol W2 branched PC oligomer?)
chloroformate $Xof ulX& F8g Lols] fislel, 18 x| %
Hze del Whg7)o oje] phosgene/MC & Y2 F, ibhEA
BPA/NaCH 4-8<-& M7I3e] oligomerd AR3}gch Y HEES
V7Pt ¢XF EeY A& AN VA g2 AS g i 5
UstA  sigth  E III-36o]  hgEAe] W  oligomere]
chloroformate % HF Llehjgict. |
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¥ I111-36. BPAE N1 YA cmorofom;te 5 Wz}

Sample

NaOH <

Chloroformate|

Code Time(hr) (ml) %5 (oN) pH
NA-1 0.25 4.5 0.62 11
NA-2 1.0 1. 0.22 11

1.5 1.8 0,24 11

NA-3

BPA £& Nt uozm  $h%t

chlorformate 5§ ehjigict,

(2h) 22} YU E M3k WY

ghoflA] ME% upe} o], wHE-EY MPYY, WEES mole
¥l B& HIAF|UA WdEAA, Y3l chloroformate X2} pH
& & branched PC oligomer& €& 47} §lddch olet e A
& 7R, EW, TRAA Pt 3R KAT A= AW
7l #sle] ZAE ol&3te UYHLEIIE AR, ol T3
branched PC oligoner Y4 stdlrh ¥W WEIIE BAW VIES
fus gA17)7] _-?l*};’i 2 L €% WE71E FAlo] ARE3lo] AHS]

den O FAzE £_111—37o{| venjqlich

PC oligomerys W&

¥ 111-37, #EE-7] A HojA 9] Chloroformate X WHI}

Sample NaOH ¢ | Chloroformate
Coge Time(mnin) (sl )°° 55 (aN) pH
TR-1 0 3.45 0. 47 7
TR-2 5 5.25 0.72 7
TR-3 10 3.5 0.48 8
TR-4 15 3.55 0.49 8
TR-5 20 3.90 0. 54 8
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ol B viel Po] [{Y W37 A3t YT branched PC
oligomer2| chloroformate “¥X3= BPA/NaOH =242} phosgene/MC &Y
A7 ¥ 5 & S VA 0,72 NS 7HE &S T Vehion,
WhgA|gto] Woldol wet ZAaske AR Ushid, pit 72 34
& Ueiislen olF ol§stel oM 4ttt WS E branched PCE
Azt §3A=E Fgstarh

(3) Branched PCS] H3}-8-§ A= H3}

o2 AEake AYVGE Folo) zlet AEI PaE
B ASS Ushin 1 FE& 29, 229 BE, 7 AET Sof
Dol Welale AOT B3 Hof gtk & dRolde Ex193t 7hA] A}
& gho] THE PCE Azt 9 BAYg Aok BAY EEE
9 Bo] P8 FU olF RPN BAPI S AEPE o1F
Wzl ARE g& Aol vl 1Ay ool ¥ AFoME PCF o
o 2% VEI OPC AY A B X7} 2 A 3 ¥2e] gl PC
g Al Ay 22y}l uNe @] sy ¢ MAY 4 A=H
wsjde), E 111-38¢f & Aol A2 Branched PCO) §4-¢ Ut
shggich, I |
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H I1I-38, 4% W Branched PC] H/dX]

Code (PC-B/A-Mw) | B/Ag}®} Mw MDD | g™
PC-0-28K 0 28, 000 1.71 0.34
PC-0-30K 0 30, 000 2.24 0.35

PC-0-33K(5YC3020) 0 33, 000 1.96 |, 0.46

PC-0-60K(SYC3030) 0 60, 000 1,90 0.62

~ PC-0,3-32K 0.3 32, 000 2.43 0.40
PC-0. 3-70K 0.3 70, 000 2.07 0.66
PC-0. 6-25K 0.6 25, 000 2.18 0.27
PC-0. 6-30K 0.6 30,000 2.01 0.32
PC-0.6-57K 0.6 57, 000 2.47 0.60
PC-0. 6-74K 0.6 74, 000 2.85 0.68
PC-1.0-27K 1.0 26, 800 3.18 0.28
PC-1, 0-61K 1.0 61,000 3.44 0.54

£ dRolM AMSE IEAE PHY MY (LPC) W F Al (B-PC)
PC olsle] A8 MBS olBdT AYE PCe ArHYe AUE
U 2ME x|l Trirex 3020, 3030 & AFEslolzn WA o My o
B Alg PCH Trirex 3020,30302 7] €74 ¥ I1I1-38o ‘“tehJgl
th o Uelhd sEola F9 «x= EAA] (/AR FEA)S €&
2ol 3t ¥o xAw FHILEAR, A& Y K Mw 300008 L}
ebdch, Bx|A2] §ake BPAS] tift molex®E viehigict. x| &
& BPASl tis}e] 0.3, 0.6, 1.0 molex AM&-3tglom %z}%% A2
el 30000 2} ZE=x}arQl 60000 g/mole BTLE Lhyo] AT w|mslsd
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Tl F I111-380f UIElG Hi} o] Ex}8f £X&= 1.7 - 3.5 Alojofl 4l
oU thREL 2 - 2.5 Aolo] Q&S & 4 Atk F BAW B2} S
Apstol B gaol 37t U 43 B EX5} Axe AR e
Uiz ok WA Fufeld A=l gle Aterabde] PC (SYC3020 B
SYC3030)& 2 BT} oz &S EAl £XE 2 A& 2o Hsg
th R HI-38¢] EAJY PCe| Ea}e clEaisio] =23t ufsio) s
Fe| 2B B2 ARE 3o GPCE J P ZPYF R o|n njx|
% Qo 0.5 g/dLe] FEIXF Rdold ZFFY A=A Uehidon
0.28-0,68 di/ge) W9l UolM HLxjaro] 2SS o4 4 9tk

 Exigel wh& L-PC2t B-PC (B4 U : 0.6 molew)F RISE Fu}
4 (frequency)ol whE 88 ¥y YL (complex viscosity) &3 Az}
8 2% 3-119 2% 3-12¢f %2 uehifgich 29 3-114& L-Pee] o
g Aols 2% 3-12& B-FCof tiRt Zlojch, PCY AL Exi
ol 37Ht 48 Z7I3lo] 500 - 100000 poise Xjole} k& 7L ol
t} Zu4 Zlo] mE AE ANE Avuw Exlato] 30000 g/mole
olatd F¢ L-PCt &F shel UHYU 34 500 rad/s 72| Al
YAY AEF FANGLU 2 o4y BT F 33000 o) M F
3} F7tel wheh AEst BASe] B3] 100 radss o 4olN A8 2
A% AR Uehiddch 2% 3-120] o) uje} o] B-PCE] AS
L-PCOHe THE S WBHE Malth B-PC dx Rl 30000 0|3t
AP AT Fupso] 2A FVE WA B2U 30000 ool ol
S 3A U LI A& & 4 Utk 2au B-PClNE Eaiado|
30,000¢) 3% F3}47} 100 rad/s oAl el AE ZHAst U
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—a— PO 28K (MWD~=1.1)
—n— FOOXK (MWD2.24)
_ —v— FGO-K (MWD=1.%)
0 —a— PCO-S0K (MWD=1.90)

000000004,

"'*

..0......

[TV ITIVIIYIYYYITYYIYTy,

IO,In-.u..-u-............---....un‘h.i'

Complex melt viscosity, 1 ]poise]
3

P T
Frequency, o{rad’s)

Y 3-11. MY Fypgof ohE PCo] SEHE HY
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0

[ —i— PC-8.5-15K MWD=1.18
— POCAE- 30K MW D=1.01
rn . elimr POBE-STH MW7
. 0t y.yy = POAETIE MWD288
w- -""-'_'
: vy
" F . -"""'-"'
- .
- ‘0¢ A "‘-‘-‘-m_‘_‘. . "w
2 ' ' e S W,
ot F : w
- a, ‘v\'
¥
" ; o.‘_"-o-o-om—.—om“ﬂm-. L N S & .
=
E §-5-5-0-0-8-0-0-5-5-0-5-8-0-8-8-0-8-0-0-8-0-8-5-8-5-5-
'i 1w
' 3
S ;
' lol — . [ i M
10° 10 10’

Frequency, o [rad/s]

713 3-12. Branched PC2] ZEu}do] mE L83 W3}

- 124 -



7] Azt gk #le) IR 3 AEA pce) P A= F
T H3lof BARlOl ABEY = KAl (Newtonian fluid)®] AF&
Moln M=ol vig ¥xAe 4ve RAY FEE AL ¢ 4 4
t. ajato] 33,0003} 60,0002] L-PCL 100 rad/s o] Ale] FujdolA
AE7} ZAasts W Bxjao) 57,000, 74,0008] B-PCE] ME 100
rad/solote] W& Fut4olM ZhAss] Alstsiel Lpcol Mish AR ®
=7 WA 2& ¢ 4 gtk B-PCoM Y olay £8UEY UsE
B-PC7} 2 e F2AY EBA, & 21 7MA] (long chain branching)
of 71Asks Aee AW Falojddy A /A7 A2 we A
UEgEoddtlo] PEEe| el Rct  BEWZE  (radius  of
gyration)o] Zjopz|il, BERAMOR) (flow activation energy)”}
A, £ ¥} (stress relaxation) A)3Ho] PolAlE FE& e
Aeg B3 so] glrh, E4 olaly HAo] Ak o] tig SFUE
o WRAE FAA RE R 54& 2A gk 2y 31260 U
ERG uRoh Zo] DALY BPCE HIRE 4] ASLE Qoo TATE
EodE AEJ} A2 AREAE HE7} A Pl ©Ho2 2FEo
2 g AR HEdlolMe] st Hel Aol YE] vige
Mol o & FF HYE Jhe] YUY AeE AL FAARFye
E ¥ u rce] §-gAEo) iy Bxlakz £x4e] HaE e A
BThe & Bxi@oly B-Peels ZA vehtz glch

29 3-132 2EAPE L-PCY B-PCY FIi4 Mol WE FES
U4 HIE Hoja glth. L-PCY B-PC BF A B2t A9 Bl o
& FalfolN HE7 Z4sls) AFgich Exlsro) 60,0009] L-Pce]
A% 10 rad/s ol4te] Fl4olM ulHERNY AEL Mol & W
W, 228} gtato] 24zt 0.6, 1.0 mole o} Exjato] 57,000,
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i ]

Complex melé-viscosity,

[Ty 3"('"'
lllllllllu!"'ll.'......
99006004 000004, 0000y e ’::l
| ’Q
LTV VY VYYYy
m.lf ildagg..“ !

b

st A T | A s il

=P 10

Frequency, o {rausj

2=} pce RS ALY
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61,000%! B-PC&} 7Z-¢ L-PC Rr} W& Fujfold HAE7} H4str] A
zhstal, Expgko] 70,000(E=2|A 0.3 molex)3} 74,000(E=]2] 0.6
molex)8] B¢ HlFE RAY AEo] 0.1014 FE Yyel}r] Azt
AEo oiyt XA §igke] de B Ex|Ae] §iuto] F715te ula)
HFE {28 Aol o WS FriddA veldE ¢ 4 ok Exig
o] Bl 0.6 mole% (Mw=57,000) £} 1.Omolex (Mw=61,000), 0.3
molex (Mw=70,000) £}0.6 mole% (Mw=74,000)8} B-PCS] ZA$-& u)ashd
EA 9 gto] & B-PCT} W FupiolN HEI} a3) Al
& ulRE RNY AES Rolx glth oS EXXY Ut Fry
T-5 B-PCRAlg] €2 A7} Fol3te] @4t o] Aopx|a Fut4
7} Z7\gtol ulel Alg EY (chain disentanglement)o] 7€ ul¥
E fAe Aol Sviste A2 BAH Qlrlz 4z¥cl

3% 3-14 RAY A= A(capillary rheometer)& o83}l &2
L-PC9} B-PCS] Hgtdrxe] cfgh Ante-gHUES] HEE HojFa gl
EA# J=Y2 RIS 4 R} &2 AdGE 712 FAUE €& 4 3
E AL UL 9on B AFoAE 1-10000 s o AYLHE Yelo]
A A=E &Pstdch Bagol ztzb 30,000, 32,0009 A EApete]
L-PC2} B-PCE] Z-¢ o2l el m2 A8 L-PCE e AYPSGT
ol AYLKE F7io] wel AEnsrt 3L gbdel B-PCE 2
o] Z9ot vl g w) Alrjaog & AT 459 o 500 s'ojM &
§Hert L7 Alastn ok el Exiako] 60,0008 L-PCol
ExiAe] ko] 0.3 molex o]o Exjuko] 70,000%] B-PC= BF AE
Ztgre] PC R} W At EoA ¥ FE A AEE ReiFa 9
3l, B-PC2] Z§ Ag 5o tgt At FET W A &5 Y4
A ¥E uRE §A AFol et §A4& Heoja gt
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912 AY AA2XE brahcned PC= M8 PCofl u]3f W Agtse
A §#YE 2ol & AYGEAME SEHET] Hidlo] &
24°] +4UE & ¢ SUth oA A= 2 AUVKER J1EH
' AR3AdE AE7 ol T4l T3tal AlEF AdhE7 yof
A JE7F wol Bl FH FAH 4 7] gl i ¥4 d2 F
B4V EY AZFPA YUY F9U& ¥4 4 qlch |
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|o‘_-

Shear viscosity, 5 Pasi

w |
0tk
10!

1% 3-14, PCY AuhE-gAE W

W

P | A
10!

..‘ld‘ J'IO,n n

Shearrate, y [sec']

- 129 -

"\



2. Sol-gel 3= ER® %
7l Ad¥
1) ¥ =5
Aol AHE BRE AIGES UG 283l A glo] Y4

¥ 2oi® ARR-3igich. TEOS, MIMSE AldrichAleA] Felsigeodn, &
v§Ql ethanol, isopropanol® =4} A)ekg A}&3}gdct. Colloidal
silicax> Du Pont®] Ludox series3 AldrichAlg H3}lo E¢l3tddrc).
A& Z12HQY PC %2 GEALY] 3 mm F£7412] Lexan sheet@ ¢35} AHg
sigt). AW FES) APolt HU Staedtlers] EE ~ 9H AU 4]
ol Wyl Y2or dAnpdle Agsigdct,

(2) &4
(7}) Primer (PC-GPS)&] A&
PC(4ted2}l, Mw 53000 g/mole) iO g2} tetrabutyl ammonium
iodide 0.05 g, 3-glycidyloxypropyl trimethoxy silane 1 g& 100 ml
8 CHCLel WolZ & M& ¥, rotavepor@ ol&3lel §riF AAY
th o] EUETE A HelZ 60 TY 28o]M 16 At St HgAA
primer(PC-GPS)§ A|Z3}4r},

(Lh) 2 Q] A= | |
Y FRE A2Y 39YQY A= 4L, A © 2@y
2l 71213191 cl.

3)a ¥
AFE-3F PC 3Hg IPA BdofA sonification AjZl ¥, C}A] IPA
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E AN, FL AR E531o tREY SolE AAY ¥ 60 T2
LollA ARl ALE3LTE |

= dHoMe 712 L& $%] F8 spin coatingd AME-3tHLn,
28 AL 2000 rpm, 15 sec, & AT} Al&-3}gr)t. o] HA
B9 g FAE 1.2 ~ 1.8 pwoldirt. FAL ¥YYHHE 28
dip coating® A|E3}4t}

Ay A YsiM MRY primers 1.6 wtxd] €48 WRES I
B3l 100 TolM Axsle AME3igict. = tE Axe] g
Plasma X2l 0,1 torroflA] 15 mA2] FRHE 20 & St 4lAs}4lc).

(4) 5’8 37t
(7}) BAY test
PCe} 3t=3¥ F2e] ML ASTM D3359-83¢] Liepdt Y
of 23te], EIIZE HE 1| m NP viEI R E UE ¥ tENY
T gFol £7HA] EHo|ZE Eo|a o] § AsiAl wWiio] mute iz B
& T WY& AMS3igrct

(W) 3= &% :
E AgoirdE ¢, Yasudarl?] model No, 553 €W ZAEA
o &4 Staedtler?] EE ~ 9H A¥UE A o] Yo o= dn}
B}o] A}E-S}gich. (ASTM D3363-74 2FR)
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vh, A3 2%

(1) 2% &3

283} EUAES HYshe PYOEE Tabor vhEYY T WA}
W MY, steel wool test 22| AW ZFEJHY & ol Yol
AE 2 gk olF 3 WAAA JHE Wel Agn e, 2 Ay
ANE Al AEAYes A=F FPstden of YP& uj¢ gle %
ute] A4 AR 7149 Hehtt AR, slldale F 2an e
S So) 49E AA U= Ao A AUtk AUAEA ¥ A
3 315g AU Ul sl nYe n& ARE BUE Re
A, A AWl AER 2 sjge] A=F Uehdch, o A% 83
of wel 2 W9 A5} ThEA EAEHEY 42, PC W HmaEAE
Heltt Bde] AEF E 111-39¢} vehiglch

111-39, 49U ZEAS F4 A= W

Plasma - 32 2A
274 AR2A | ew 1236213, 65502 | 5008
TEOS
Hz0 140C 5&
ELOH -] # |OH | 2H. | 24 |HB| -
MTMS | | | -
Ludoxs 100C 308 T |9H | 3| 3H [HB| -
HoA 0C 5% . -
IP: 14 U_ ot S |onH|a3m| 31 |uB| -
PC A} - HB{ HB [ B B | -
100C 30&
Coating on glass 140C 5& B 94 | 9H 94 1 9H | 9H
Thick film (lmm) | A2 33 - 94 | 9H | 9H | 9H [ 9H
£-2) - 94 | 9H | 9 |[9H | 9H
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& pc XS AL BHE AEY We AEE Ushiz gloen g
o AL oE NFIME 9 olgg Uehigltl. TES B MMSE
Y8 ERZ A8t KA PC flo] UYL APolE 3¢ 3Fo] 1g
o3l F$& M ojAE Urhigloy £2) BAY wolde] utel B3
ge ACE vehde] 13.6 gollA 2HY3H, 50 g ol’e}oﬂ%—;— HB BAEE
Uehjglch Wetd & Agelde £¢ 815 13,6 g02 nAed &
E A% Y& $UsGl. ¥IE wue el o] ZUY TES E
£ M mutel ZeE AY WU U WSl oH o4& Lehiol
AEolA ALY fomulationo] ¥t ZAxg Yeplz|o] FEHE ¢
4 gloith 2] TEOSE ALolM 337t MM AR A3 1 m
EAe] silicate AW E§ E 111-396]4 LEhd uls} o] Wstze]
A OH ol & UEhdel Z8E Bue AUEs} $4UE ¢ 4 dgch

(2) Bas gy

PCE silicates}e] Hatgo] $-431x] ¢b7] wfel] ANa|sA] ¢
& PCof| sol-gel hard coating® §2) ¥ WS PCE ¥E A el
th Fay AYe ¥u FA7 (v ekn, ol-g wEsis] wjEel oW
HQl AAEE e PulE AHS3L7)7L st £ AFoN AgY
XY AYS g@gols 0t ARE-3H= scotch tape YA testE
M, 48 Z3e 1 md] BFHoE WIEE E nE wol viER F
HE HE ¥ scotch tape® ZElA Eojulx, FESI: hard coating
¥ A3 & 2 Jehiglc |
E dFeldE Az WA sl P RAR FRE e
silylated PC (PC-GPS)& %28} primer® AME-3}.o1 plasma Az

W epoxy?l silylZl & A3 EYsle] AHg-siddch |
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(7}) Primer2] A2} coating?] d3}
Primer& 7|2} (PC)2} :!]ﬂ.l' (silicate :R-&|)¢ Alolo] Exj
AN 3Fe FEA ME YL e FUE AN Ao A
Fch ® d7eldb oleh e FALA Poet epoxy groupd e
siliane 2gHE<Ql 3-trimethoxysilylpropyl glycidyl eﬁher (_GPS_)% 3]
3 transesterification3}o] primerql PC-GPS& gl 3-159 ‘QOII A==
stadch

_[ _._l_._o..ogl. + c{l,--cu-cn, —O—(CHy) ....éi “OCH,

ocH,
CH, ~0-CH) -é ocm

_oﬂo_a_r;;l nect ..oo_‘s’JI

2% 3-15, PC-GPSe] gl

Tronsesterfication

POGPS 58 AeolM 2 A2 PA A7 E 1I-400] Uehd uls}
2ol $3%7h WelE AR UEhidch ok mUsY o7 Ee
methoxy silane o] 7l4Esl/7la 8-S doslE Rea ¥l
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¥ 111-40. PC-GPSe] €35 ¥}

(&A1)

Solvent PC PC-GPS
239 ABF

H20
MeOH
EtOH-

IPA

m-BuQOH
1.4-dioxane
CH:Cl2

THF

Ether
Acetone
Chloroform

X X X X X X X X X X X

OXXOOOxxxxx
Oxx0O0O00 X x X X X

223 PC-GPSE B (B3} 10T)o] BaY FPoli= £7140] A
UL FU% §HEE Urhlo] Ak Al8-o] 7Hedlgich E 1ll-ldd:
°] PC-GPS& AME-§t 98 sol-gel ¥t 84 F3}E vielisich

3. 111-41, PC-GPSE PrimerE A}R-§t 7-$-2] Hard-coat 3|9}HAg

a3
Collodial | PC-GPS
Alkoxide| H.0O | Acid |Solvent sflica sl Aging | Curing . Tape - L I
AN
HC! | EtOH 2hr, {100TC30¥
6 - - ! 21| 0%
0.03 4 r.t [140T30¥% 0%
TEOS
2hr |100T30¥ 100 v 118 2
. - 211
6 | 0.03 4 primer rt 140308 % 100% Pr——
HOAc| IPA {LudoxLE 1week,{100C30¥#
. - ' 3H| 0% | 0%
8.7 0.19 3 1.1 r.t |140C30¥
MTMS
lweek,|100TC30¥ 100 L -
8.710.19 3 1.1 primer rt |140csoe 3H a 100 Pa—
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A4 uie} o] sol-gel Wute] YAAE AA YaFdoU E
£ 2rclz) 7 Rspx] E3lgd=d o= PC—GPS.‘L] KIe7} B 111-40004
& 4 ol uie} o) Pcot aA thEA| o} PC $lof primer & AW
% of, 7171 PC7b 88 & 7] BB o' W)

(W) Epoxy71@ 742l GPSE Sol ulof 3 A}

Primer coatingo|L} t}%oﬂ 4§ pléSmaii 2] %2 hard
coating FYol ECHE FHE $7B1A Hol AAYel Wrl. wrt 3w
g WS sol-gel Belef FAYE VA A2 4 UL J15Y FUEBS
A7sled 13)9) 29 FHLE AgeHe o) upN e Aojrh wely
2 AR primers] YEoleld GPSHE sol-gel?] /4o 1*10 Wt
2 mystel ® 1II-423 Yol 2 AMg JieHR AEHAL =
111-426] UEhd ule} ol epoxyd solel AW =t APol= 7]
g W) Aae Pado] Yolukxl wskeh ' 2Aake) obS (20%0l4H)
ARY Aol FRA Aol PyHALL FAHY FHoAA o
o)Al AES WRSYL) o] GPs Bl E THE Y LAyl thsl
AME A4ne d77} Yastch
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¥ 111-42. GPS& Sol iof 2 H7igt 72 AAY B

Coliodial 13
Alkoxide |H,0[ Acid |Solvent ‘;ﬂ‘i’ca" Epoxy”l | Aging | Curing [ [Tape| ¥l =
| AN
HCl | EtOH GPS 2hr, |100TC30&
- 2
6 0.03 4 1% r.t 140T 304t H) 0%
HOL| EtoH | _ GPS | Zbr.. [100C30¥[ |~
TEOS 0.03 4 2% r.t |140C30¥ ¥
e loos | BOH | _ GpS | 2br [100C30¥[ T
' 4 - 5% r.t |140€C30%
IPA : GFPFS 2hr |100TC30%
. . . 0
8.710.19 3 1.1 10% r.t [140C30¥ 3H| 0%
HOAc|dioxane |LudoxLS PC-GPS1 1week, |100T 308 PC-GPS
871019 3 1.1 sol. et |140vaon|3H| 0% (A7
' ] 1wt % ' A4
PC-GPS1
l1week, |100T 308
8.710.19 3 1.1 sol. .t 140308 2H)20%
1wt%
PC-GPS1
IPA 1week, |100C30%
71 0.19 . . 20%
8.7 1 3 1.1 sol rt |140C308 2H
1wtd%
MTMS 1week, | 100TC30#
0%
GPS 1% rt 140T 304 3H
lweek, {100TC30E
! 0%
GPS 2% rt |140C30% 3H
IPA 1week, {100T30&
8.7]10.19 3 1.1 ars 5% rt |140C30% 3H|30%
1week, |100C 308
GPS 10% rt 140C 308 3H | 60%
1week, |100T30%
aPs 20% et 140°C 305 2H|90%

(t}) PlasmaX] 2]
PC EHE silicate B §2]8} e 4 Ao uiRA
HH Hago] aA gatgch £ Aol %o Axe oo #H
H 2 2232 AR 34 HU& 213] plasma A o] &% PCS 3
7A3E shech |
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plasma M2|2A
: 15mA, 20sec, O, 1torr
contact _angle?] W3} (vs, wafef) |
Plasma A 95 °
Plasma ¥ 38 °

Plasma 2] -'-F contact angle 38 “E ylo} ’S.Q.E—?—E-l, o) =g
% Hg YA sol-gel $A0T WY AN & [11-430] U
ehuigict, |

B 111-43. Fehant Nelo] &g A% ust

plasma A% (4% (13.6g)] A2
TEOS '
. X % o
HCL  [100T 30| j 2H 0% | 9%
H20 | 140T 5% o | oy {100%|100%
EtOH - N
MTOMS - } o 0% | 09
Ludox LS |100C 30% ? ?
ngic 140 5% O 3H 100%|100%

~ (3) Vater contentol] &J% ¥
TEOS7} sol-gel ] “"%ﬂl olsf A% 11“-?% 33’&73}7] R E
2] !}ﬂ“'%c- 73l 2)% silanol group?] %-dolch TEOS W
s FRHOT 4 moled] WO ARET Fo| o] 4uf B ==
2 o3t d Afode FEY JMeESV dojuA] Aol 4R
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silica F& o 43}15%] ¢b& -0R Z&7|go] Hol 4 =& iy}
o] dHrl. o] Z3} 2AY Pxe] o3} S| Hle] . 2 AYe
A B oo wlE A= g Eve] Y& BUYOSAN FPY B9
¢ Agsigch

£ 111-44. TEOSS} £¢) Bulo] e mupe] 83

24 (mol) Condition. Results
(H20) (TEOS)|HC1|EtOH|AgingZ# | Curing®7 | A% [Remark
2 0.03| 4 | 2hr/r.t izggggﬁz H ;jﬂ
o]« [ [ 5
4 0.03) 4 | 2hr/rt igggggi:: 2H ::
6 0.03| 4 | 2hr/rt iggggg’;i oH | Y

* PlasmaX &]|3}2] ¢}2 PC #}of] spin coating®t

Z ® 111-440] LiERd uis} o] go o] FEA gL FRE ¥
we] ZE7} w3, EUE BFUste] NSy uy A2E 4 4 94
th wiebd & d-olri TEOSSH E9) w7l FES| 2 6 0| ulE
A28t ALg-3tdcl.

(4) ZeIexe 3%

Sol-gel Whg-ol &%t ZAimiwte] Zxy £ /ol 23t
232, gelationF P2 AXFEE vf¢ S Axjolry, LNt
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o2 BA A, F glass E M oy o Yy Afe
70071000 T4 1202 A=RH7| wfZol sol-gel Iw} ufo] A4H
porel}, AR Fof UYWL £Jof AP &Y, crack T LMY
U E densification 4 wi7iFel &3l 47 FEo] Aol
A ek 2Lt Pes} ol FAFo vis] Udigol ulg W A}
8] Aol Tg ol ZhdstA = 7112 22} wu} Ajo]e} 533 A
8 Aoz °'t! S, Bddy st ‘SR‘-}E Sol w3yl o
o 2% 'e}%°ﬂ-—l A gte] QUch,

ole} E I11-456 60, 80, 100, 140 Celyq ARELE R AN A
Bl AR B Ao YA oyt dAF veldgdch ol
Uehd ue} o] 60 T E& 80 TolM 7ld g ARG AfE o A
g Thdstolobt AR FErt YYE WA, 100 T H 140 THA
Mg AR AR vad g Ao Fuiute] AAdol Jhest
Ak 203 Teol 7k SEQU MO TAAS FA JHd W IAY
71d =Y AAY iAo A g @do] A walAd 100
CellA 30 £ 140 CTolMq 58 FEL 7ide] 71 AidSs ¢ +
act.
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X I1-45. Z2Y Aol wE e W Y Ay

E)

60T | 80T |100T | 140T g oz M =
102 | 0% H _ 20%
52 | H _ 20% | 2w
108 305 0L H 60% gL 2%
58 | 2H _ 60%
108 | 0% | 2H _ 60%
5% | 2H _ 80%
30% 308 | 0% | 2H _ 80%
58 | 3H 100%
108 | 0% | 2H _ 80%
me | - 5% | 2H _ 100%
305 | 0B | 3H _ 100%
58 | 3H _ 100%
- 108 | 0% | 2H _ 40%
Los 5% | 2H _ 60%
T 30% | 0% | 2H  80%
58 | 2H  80%
108 | 0% | 2H _ 80%
5% | 2h _ 80%
30¥ 30E [ 02 | 3H 100%
5% | 3H 100% | 833 NG =d
105.| 0% | 3H 100%
5% | 3H  100%
N =58 0% | 3H 100%
5% | 3H _ 100%
T 10E | 0F | 2H __70%
5% | 2H _ 90%
305 | 0% | 3H __100%
" T75% | 3H _ 100%
AN | 0% | 3H _ 100%
58 | 3H  100%
6ART | - 3H  100%
[ BE [ToH  50% |E@ol A A
10% | 3H _ 50% |&@el B=uA
308 3H 80% |EH] ZFdAY

K44 MTIMS/HOAC/Ludox/IPA

PCY-E Plasma A 2]|H{
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3. 28§32 PC
7h A ¥
(1) 9=
€338 A% PCY AR H422& Aldrichat HFU DPC,
BPAZ AMg3}4it}.

(2) Prepolymer 3}7d
3 AR = 500 ml, 2 L flaskF 7]%_1 #}of »gz]a}g[otq 71]
YEL he 23 3-167¢ Prh

1. Reactor (500ml1~2L) 2. Motor '

3. Oil-bath 4. Distillation Column
5. Condenser 6. Trap

7. Vacuum Pump ' 8. Vacuum Gauge

9. Nz Gas ' : .

2% 3-16. PC $-83% A= cal |
Prepolyner A& oil bathe] 34 31 g 'éﬂlt}sl chazt e &M

2 Hgg AR iit} |
1)1 A2 5 ‘ﬂ%7l°ﬂ N: gas S 3‘3]5‘-"“15}

~ 142 -



2) EE 240 T 71X 1°3 A o) AN AbaA g1c),
3) 2o =estd 073 At Ft whSAIY ¥ SAAOE 1| mlg o] 8}

72 Zetttct,
4) W& AlG ABAIFIL 4 A7 F w2 Bl

o ¥4 , _
Prepoiymer AHX IE Fof oLl WHAUE HHsIZ] 93
prepolymer W trapols €2 EAER EM3}4c}. Prepolymer
9] inherent viscosity: CHCl; €9 0.5 g/dL X 25 T ollA]
Fystdon AYE JYH B/ 98 o)  intrinsic
viscosity® I3l thE4Al & AMLSle A FExjak(Mv)E
F-st4lct,

[71 =KW

o714 K =12x10°, a=0.82 Zt& A&-sj4c).
Prepolymere] 2}%p3z gl WEE AHELS Yz17] FHY (WR),
HPLCE & AHE-3lo] 43}l

(3) =t M= % £
o xpAZ
A=t A2Ee F 712 LR Al
1) Prepolymer& capillary rheometer& Al£-3}o] fiberAlo®
spinning¥t ¥ o]E 14y ¥ A8}l Q& acetone batho] W
o= =izt g ZPsE FAld e Wy
2) Prepolymer@& analytical mill& A}8-3lo] Ab2olr ¢lz}3}
¥ ¥ olF acetone batho A Z A3} Al7)= Wby
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o Y2 |

- A8 gAtel ciste] o2 AL EHE dAsidct
DSC | X-ray 2¥EZplE] : {F2E 9 APH=E FF
BET : ¢=}e] A |
SEM : g4At ® JF 2=

(4) 24 3%

24 2% 7Hsd& mieteis] Hsie] ARHE PC prepolymer ¢
2 AHEE Y S dA gk 2 F8-E stirrer7t HXAH
flaskel] prepolymer YAIE g3 10 mamHg, 220 T oA 7 A| Fet &
shE WyeR AAsides Y ¥ 4xE v BARE &3t
9l |

12 B B Ul E- SR

(1) Prepolymer®| =

2 AFejM = PC prepolymerd BPAS} DPCE HE 2 3t 31/g3t
deon] Exiwr 24Y 5% 7H & FRE 3o AYsidch. PC Y
el Qo] W 4 gle W2 A 39 3172 Pt AH clEAQ
AL BPA %= prepolymer Wete] Q&= -OH 232 DPC Ex=
prepolymer Wtto] ¢lE=-0C00Ph IF AlolofA o] L Hbgoln
250 T ol i2efME= -0C00Ph TF AoloME Hbgol do| Ue
Reg B3I Hol gk, £ A7 prepolymer A YAclME 227}
240 T oj3lellq =AE 97| ufFoll -OHE -0CO0Ph Alo]&] ¥lgo] F2
do] L= Aex gzHch
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-O+O~+ Ot
+ -O+O-~A- O

1 O+0~t-0
+ OA-O+0-

—{-O+O0—~*-0O+O0—~1
v OO

2% 3-17. §-&5%ol A%t pC ¢4

ZYFUAA 73 Tl ¢ AL WLE Bule Zholnh,
HoE A-A B-BY WSEE At AB Aol Wges HASHE
282} A4 ol§ EAVE ThEALE FojHUr),

I U = S _
X 1+7»-2m (3-4)

X SYHE
r: 4HE-gY),
p: AUEE

qre} ghgo| YT o] p1dd B S
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X,=4ELo] Hol oluf W3F & I 1 (F rel)o|W Xn=oo

F, Ex}e o= ul$ Atk rxlold EARL 3A Pt

2 PcEYel lojME BPASH DPC %3 ol Fe gyEs
prepolymer 2} BPA, DPC x}o]2] ub-g ¥ ofi2} prepolymer A}o]] wh
5 dolg 4 k. &

BPA + DPC — HO-prepolymerl-0COPh + phenol (3-5)
HO-prepolymer]1-0COPh + HO-prepolymerl-0COPh |
HOnprepolynerZ—OCDPh + phenol | (3-6)
HO-prepolymer-0COPh + DPC  PhOCO-prepol ymer-0COPh (3-7)
+ phenol | _
HO-prepolymer-0COPh + PhOCO-prepolymer-0COPh
PhOCO-prepol ymer-0COPh + phenol | (3-8)
HO-prepolymer-0COPh + BPA HO-prepolymer-0H + phenol (3-9)
HO-prepolymer-0COPh + HO-prepolymer-OH
HO-prepolymer-OH +.phenol | (3-10)
PhOCO-prepolymer, ,-OCOPh + PhOCO-prepolymer, ,-0COPh
PhOCO-prepolyner, n..~0COPh + DPC (3—11)

3t e che whgo] Yol 4 Qlrh mield BB 3% wlgo] B
o 23 7l 4eg RASET uittel PC 3Y NRoAE 5Y 2
F Atole] uhg-g Tasfol sh= JAPE 2 QUrt.

Sld FhEujo)E(-0C0Ph) o} W B=FA|(-PhoH) Ajo]e] W3- 7}
o ¥Mgo% A glom prepolymer7t MAEI| sisfME wHgA
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A4 E HEg MA Folof Yrl, & PC Az 3 whQl 41gy
(3-5) o thgt BYASE T3} Qo] ZYs FYA4 (K) Yol §
3 2N YA HE $EIt A& 4£8§ prepolymers ol A
714 |k,

[prepolymer] [phenol]
K= (3-12)
[PhOH] [OCOPh]

PCEHY $HA B34 THAYS Bxlel & ZEAE €71 43l
A=t B2 WE7UddAN HEd E&IJOE AAstI dsiide Ay
Aol Rt  Zeu} AARLRE NHE F alolA A Al HE3)
YA DPC7t FWE]7] wiLel WHE-ES & u|7t HIte @& zn gl
th.  mlelA slEst DPCE EE3Y mlEethE o= AAE: 7
€o] Fasitt, g 3-18 500 ml 4k-3-7|oll A DPC&} BPAE vk3-AlZ
& F5Y Ale] & FAIR HYE RoFa Qe AF A 2A
B 12,000 g/mole o]47}x] ¥ 4 gl4lch, ER PCE FYA
Foge §E7} Wl w&e] Mol 4o} 3t £ A7 I

€2 ZM AHEol dojAoy WEIUY FIE ALE AUIEEA

lof Mol AA 70¥ prepolymer?] Mzt JHedich, 3] PC
o gee AMSEE BPAL Dol EsEo] vdyol ol ety
W Bof A WBle] T P8E FEE A LofA Ao} S oE
deA gk wheld gF ettt A0 wHE-& A7l 2ol v}
YAy Ao gy},

v xie/ 2R AW
PCE tEHQ F3Y (amorphous) FABA FHAdo] 713 &
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Ay A0 3htolrt, F PC FAAI A A=E A2 Gyt Fof
280 RARE A= R AolLE (Tg)7t 150 T TR 9

0.30 T T T T T 1 —r l r T 14000
- 12000
0.25-
- - 10000
. 3 0.20+ _
v
S
> 1 8000 =
0.5 :
' - 8000
0.104 : ' i
S
o 100 200 300 400 500

Time {min.)

- 249 318, FYAIto] wlE Prepolymer A W
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25 oj4do] HE UxbEol AE Wl €4 "Btk wietM ME e E
& YA 7] fisiME PCE FE & taMA ZEE I W
ol AME-Ew AEAl 427t A& 7™ FHo| &= S5 (To) 7t
A AEE ol=AE RS Hrh PCE B Avle o8 PHEol
RAaxEo] glevy "RAo] 2%t FAE Ay (solvent induced
crystallization)"o] o] Alg#3 gl o] W& PC A} £&= ¥
el-& acetone?} L EAo] @AW acetoneo] PC VIFE ¥{ilx|o] 3}
of wie} PC Alwe] 5480l AA ZAEH dojus ALE RIAF9
glch, |
€ d7oMdEe o3 A WULE PC prepolymer§ ZEIH A3
t}.
1) Capillary ¥H : PC prepolymerg 270 C&] capillary rheometer
£-88 F fiberAl 8 314 ¥ MIT Q& acetone bathofjA] ¢
A3 W Z2YHE A7 P
2) Milling %M : PC prepolymer$ analytical mill (E#7])E2 ¢
x13} A7 ¥ o] =}F G ¥ A5 ¢l acetone bathe] o
2R3 A7l Y

U= HYYUEE w3 &AM AFY uiet o] PEFY A YA}
2] FEE I MZ €t £+ A& WAA "Bl F A WYL
2 A2 dAE] 27X BYE ¢olE7] #5f DSC W X-ray AHE 4
Alstdel. 18] 3-19% X-ray spectra®A] PC prepolymer A} Z}A)
t F3Y 282 54 F1d 2Y& vehlda 9lem acetone
bathol 4] AelA] ZYo] PAEARE Vel RE{E peaksl LiElY
= @ 4 k. 29 3-200] vehd ulel o] FAE FHE AM PC

- 149 -



prepolymer Q12}2] DSC datad R 2256 T F-Zold F3Ho] Uehtzn
&g & 4 9Ah  Xray W 0SC VYA PCYR AZYPRA WE
PC prepolymer?] Y FRol= & 2lo]7} ¢S & 4 Uk

AAUETL THBWA PC prepolyner Axtol TINE FUE B %
AT B U463 ) el AWY AINEEF BE RC
prepolymer QJxH8 MZ3He ol Po@ AZBh: 22 il Ao
A2y, |

® 111-46. ZABEI} PCY Dol njAE I8

3 = Z a2  AANE X % 7t
e >
Ay 5§ % 7t Zd
A= ZF A - &7}
YAEE 3 7t # A
ALAFHA F 7 d
A% 271 (42D
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Sre— pr—

it
;-4 -0 PRETDLYMER
(a)
) .
PC-A3 -G LAPTLLANY
!
~ —
P-4 6 MILL ING
[ . .
4
(c)
ol “m
DRLALAA ML 80 6 St e e 2 4040 et e e 2 R A Mt A At AL an oo e at a0 M AR S

§. . th. . 20 25, L 3h, &t LU 80

2% 3-19. PC Prepolymer =}&] X-ray Spectra
(a) Prepolymer (=}E}3) (b) Capillary*d
(c) Milling¥y
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Commant: 10°C/aln, te 300°C,N2
0.0

(a)

~0.3
&
: N1 c
= 39.10J/y
‘§ _'—"'hn—_.__
(TS
-

L
1

-4, 04

226.00°C

-1.% Y T 4 H 4

a 0 50 100 150 200 a50 00
e © Tempsrature (°C)

Comment: 10°C/min, to JO0°C, N2
0.0

()

207.31°C
39.304/9

Haat Flow (W/g)
d
o™

-0.8
~-1.04
22%.45°C
=-%.2 ¥ T T T p— T hd T T L4 b
s D %0 100 130 200 230 Joo
e Temoaraturs {*C)

- 2% 3-20. PC prepolymer ]=}2] DSC Curve
(a) Capillary *d (b) Milling'y
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tlh. 2AHS§

23532 ZASE PC prepolymer Y2HE PC -3 ole] %o
M AFE FAY gasE &R uf sy EE DPCr} wiA UHAM F
Yo} Yo E2lgo] F71vhz & Wil oluf i FE&= DPC
7h A WA g 4 =S A ZRAE Ao 2L £¢ M2
Y 4 e U@yl uiE o} gic) -
€ Aoz capillary %32 QHE PC prepolymer QxMg o] &3}
o ARXEY AU $YsATE TSRS 10 mullg AT Ho] AN
sidel Extgol 8,600 olA] 30,000 g/mole o]47tA] Fridhe Ao

BEEACL

4, 4 &

7}. Branched PC
E dFE 7Hg/do] $4% branched PCE A &23H=u]l 2 B30

Qonl, 2 GAl 7AxY A7 AHE 2esid thet Yok, |

7}87dol 94:% branched PColl ¥ Fuis] & whelslr] #lsie]
B 58E 4>l £, sk BY ZA A2} branching
agent® AR comonomer FARAle] wel tiEn, FEHes
hyroxyl groupo] M 7| o]A4Q comonomer& AME3l%ith. E¥F 713 ©
o] A}2-¥ comonomeri= THPE, THPEi, trimellitoyl chloride4ic}.

AREYUYLE branched FCE A RBP)] $3l] Y4HL2E AHEEE=
phosgene& QEASIA| AL&-317] £|3}o] phosgene =4 2}¢l, phosgene
FAZA W NEVE 4A, AMsch
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HU3= =2 chloroformate’) 9} pHE = branched PC oligomer3
Ax3E7] 3] AF A HERAE AHAAEAM PHGAHUE A
Th whE2AE AAFEA FEY P} 2R PE APW3) 9
2 Lg§g2] 3713 FAlo 2183 Ffofl chloroformated) w7} 3-‘]
A §t branched PC oligomer® |- 4 glgch

A2¥ branch PCY R-FH=F ZANE A2} My PCol w3 Azt
frequency = AttRE F7lo] el Ax7t FAY] Pidhe o] #
AE o). ol A 2EAYY P47t o AaA elyl

1}, Sol-gel 3= EX |
Pce] B ASE 37H17, PC 242 ©HEQ Ewo) 4A £4W
the A& 71437 i3l 44 & A4, sol-gelWg o3¢
hard coating ‘Hell il 7| AFF B 43l T2 A FjA
YA Fol 7Hett TEOS, MMSE AHR3le] 7]x 24E A7 W© olel
w2 hard coating®] ¥} 3[4 @A, priver coatiné N plasma A &)
of wE Yy B4 47, BE VA A8l colloidal silicad] AME
2} TEOS/ MIMS £ AMgol waE 24 mot 59 A7 SUsianh,
= 4AE 24 velde) F2 Aute ¥4 24 2= L Y] T
& nwe) J4e A Y 2Ag dAstdch oldy PUAY
12 @7E 20 hard coating A7 AZEA wif S8 A}
£ 9 Aes Amunh |
doTi 44% UANF AT ATE 24 N TAAT AN vy
& A% A3 PP £Q Fol PR AAoln, 3P4 AdE AY
732 hard coating A7t YA, HFY 23 N URY YAS
AL Y49 £¢, LAY PAF AT hydrophobicity ZF A7 F
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o] Way Rolr},

vl &85 PC

£8§ FEHS0) 8% PC AF H2FR MY AT 2 47
e ohet g, - |
1) PC A2 HE TY AES E3o] 3HME FAo| Uxts}
] ¥ & o] JvEE 2AAFYHE AFAAE P4
on
2) PrepolymerA 2 - ZY3 - 2YFHY 3 WA FHFHE A2
T3 4F M8 Hd % A& £&%19 e
3) AxHA Ex}8F (Mv) 8,000 g/mole ©]A2! prepolymer AZR7}&
& g5tisen

4) 2AEHE Y FAY Y IYFEYol ol dE2AE d33A

cl.
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AN 4 7

A 1E 708 EXE S4=

AT S HMHz U die 7=

i
k-3

TR
HIEE

Eté!'—ll%

._(%)_._:

Algdgol It
S JEe
571 250 © ol
atgl PAE &
HxEgl MER
Hx J7lgd 3
H stidE 50
Bench-Scale
7R HE

1) x‘lﬁﬁ!’ TMA*E ﬂEE Afg-s‘l-cﬁ 1 Eﬂﬂ \’.'!
BULE £ X PAl FXE =@
T Ae "Il AR HEESHUUR S L 7
2  Bench-Scalentx] ZE (#EH] H#
30% old, M=ZHUE 20% olat E#
2iE)

2) 0| APCIAIOIAM &2 7|0l X|cfer 2l
LIEM O] A7 2% JHYE HH8H Secrecy
AgreementE XM, AINME Sd& Beld

100

P v 2
o e e
Bench-Scale
Hx2|& AHH
8 Wy

5N, A5, UEAY, 827 50 4
doid Eel, 48, 22, 288N §22 4
80| TSR ®AA FEIIATL WA
o0 ULod V-0° SHEE CeldE XY
ME tieidol 260 T Olat2E R4 PIA
WEde M7 NzBYE YEE F, B
olste| MzZBYolE WP 2l DAPE #
B2 ARSNT £ dTFAME ME
HMDA & AL SIEHME BS&0E o) St
e deld, #EM, BEY 80| S
P 2 wEMe friHel MEIE ¥
2.

100

B+ PCe 1
2I12tx18 2|
88 ¥ 4
el A=
AR

1) 887t840] MY €M BY X3t
BlE DRI, K5 PCe H=2|e ¥EH.
2) Y4ide & gito| Jkesin, DEHS
PCE HMz=% = oM PCe XMcf E¢t
Zlg2 7ldise E8SEH 9 L4EHY
s U EEEY MY Jisd A

100

|
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A 23 o8] JH=

1. A 2€t4] 9Y7lds T

- 5 U = A Val
_ =EAA : 5 9 14
e I gtede BE 20 8 28
3?]%% 25 17 42
A A2 5 5 4 9
i}“i M TE 1 3 7
A 9 7 16
2. ANy
b A AL 249 9 58 434
C X '%ﬂ- - 2Y | F8| 7% |
‘M"“ﬂ‘ﬂ e ez | g us |53
°l*£~E'=l°}"l -'.1& E.EH:}: ‘93, |  93- ‘97, | ¥ 573 e
A7 Fotvisojnesg 75 | 12717 | 115 | 128814
740l N8 Hl:‘-‘aﬂwnli ‘93, 93-
FAo Axygy 824 | 16,468
APERFY FEolvlE elmE ‘93 | 93- | ‘97. | ¥= 53 B
FA9 Az4y 11.12 | 24151 |10.15 ] 126,493
THE WBHY Belolrl=pA | G | 98- | | UREI |
ZANE 12.1 | 26076 | 10.24 | 127,803
204 R Aol 4% 9 [ 94~ [ ‘o7 | @FE @
Felolv=4a RAE 5.4 | 9966 | 125 [ 132072
Polyamideimide Resins Containing | ‘94 08~ '08. USP e
Isophorone Diamine Structures | 6.22 | 263470 | 528 | 5521276 | _

- 158 -




T vanam | €€] 4 | 5% | ==
o ueAEs e lws e | we | TP
AvRay UTIvREERTA | 94 06- an
Pl #)VT7T:FA43 FEE 7. 1. { 150,733
Polyamideimid harze die ‘94, | P4423 sq
Isophorondjarr}in enhalten 7.4, | 349.3 —'
MaTE BUVTEIFLF HEE (‘04 07- g
7 B 118 | 188412
Verfahr(::n Zl.lr. Herstellung vo.n 04, | paado
Polyamide imide Harzen mit e 4
Hohen Molekular Gewicht '
Process for Preparing Polyamide- '
imide Resinsp H:vingy High 94 08~ 9. usP o} =
. 11.16 | 339,391 | 7.2, | 5532,334
Molecular Weight
Eol=giidsaA 27T EM, 95 o5
22 R Aze auey g | | 0 e
olu| Eoju| ERE A '
23 S o8 Eglojmzo) | ‘G5, 95 4z
nje £ Az 1.27 | -1209
‘Qiﬂﬂ“l—‘:—‘?zl ZH4E 2 29 ‘95, 95- "t}%
A =y 214 | 2707
Prepolymers de Resine D'Acide
oy i sovn e |y | o | o | e |
. , 14 | -00053 [ 5. 22. |2 729 394
Resistance Thermique Elevee
Preparees ...
Process for Preparing Polyamide- | '96. 08- n=
imide Resins by Direct Polymn, 4.22. | 635,712 -
EfSgEEs XY T2 43 | ‘0. 08- Q.
Pl SUE S 5. 2. 1111.739
Verfahren zur Herstellung von
e e 96. 1961
Polyamideimid harzen durch & 3 | 78304 =d
Direkte Polymerisation ) '
' ‘97. 97-
EZdojue S XA A=y 912 | 47254 =
frAadAdel $4% Eoju]= YA ‘98 | 98- .
o] Az 7. 25 | 3,0014

- 159 -




S L

1) &3 71]3“
ARG | A& REIEERES
Polymer Synthesns and Propertles of GH-BABPA 20(4), ‘96, | &=
(Korea) Polyetherimide 664-674 7.
4% |Study on PP/Nylon 6 Blends-Effect of 33(5), | ‘66 | ¢
+ & 8] %] Compatibilizers- 436443 | 10.
Korea Synthesis and Properties o.f New 5(1), 9. |a=
Polymer Thermally Stable, Crosslinkable -
. Do 33738 2.
J. Poly(imide-enaminonitrile)s -
Polymer Sv;l}iinlg and Separati.o " Behavi;rhof l 21(4), ‘a7, _‘?1'5-"
(Korea) .y ene Ionomers in Water-Ethano 575581 8
- Mixtures
Polymer |Phase Inversion of Polypropylene/ 22(2), ‘98. | &=
(Korea) Polystyrene Blends 2587268 | 4.
Angew. [Synthesis and Characterization of 222, ‘B, | =54
Mokromol N-Alkylated Polyamideimides 1037109 1.
. Chemie
Polymer Morpholo.gy and Dynamic Mechanical 3500, | ‘95 |o)=
Eng. Sci | [roperties of Nylon 66/ 164371651] 10
Poly(etherimide) Blends
Angew. |Synthesis and Characterization of | 233, %5 54
Mokromol{ Polyamideimides Containing Aliphatic | 897101 - '
. Chemie | Diamine Moieties |
Polymeric Thermoplastic Polyimides Improved - 1996.7 v) o
Materials | Melt Processable Polyamideimides 537975387
Encycl. S
J. Applied Preparation and. Properties. ?f Novel 61, 05,
Polym. Solublc:e Aromatu.: Polyetherimides from 19712041 11 Ly
Sei 1,1’ -Bis[4-(3,4-dicarboxyphenoxy)
phenyl]-1-phenyl-2,2,2-trifluoro-ethane
Dianhydride and Aromatic Diamines

_160_




AAAR | A & |A®) 9| 94 |9
Macromol. |Preparation of Copoly(amide-imide)s via 118, ‘97. |15d
Symposia| Direct Polycondensation 163168
Angew. N.evs.r Preparal.:lon N?ethod of Poly(amxc?e- 28 1997, (£
Mokromol imide)s using Direct Polycondensation 1067122 | 1
Chen:‘i’e with Thionyl Chloride and Their
Characterization
Polymer ] Crystallization and Melting Behavior of] 30(7), | 1998 Qe
YMer 2| Nylon/Poly(ether imide) Blends 5317537 | 7
Polymer |Glass Transition Behavior of 40, 198, | =9
Bulletin Polypropylene/ Polystyrene Blends 765~7171 )
2) St =E YE4AH
329 | Morphology and Dynamic Mechanical ‘953 4 95 4
2] 391 | Properties of Nylon/Polyimide Blends Tz ey -
4 | Crystallization of Nylon/Polyetherimide | '95d &4 95 4
¢] 391 ! Blend ‘ ¥ A8 -
A7y Synthems. of t-Buthylbenzylated PPO o5d &7 '
9 59 and Studies on the Oxygen aRAEY 5. 4.
> Enrichment Property :
HA4G '95d A4 ,
o)u] 8 Thermally Stable Polymers B8 8] 95. 4.
R el =T o I
9] 39 . | © REA Y g
Chain
2] 39 o & BHEC & 2ot e
Compatibilizers
A o ‘95 '
| A E Polyimide Blends SPE Korea 95. 12.

- 161 -




dER| . oEEY | %eddy | Ry
o] 2} F | Morphology and Thermal Properties of | ‘963 &4 96, 4
2] 391 | PEV/ PAI Oligomer Blends Ny AL o
:-:)i:.: ‘Rheological Properties of PP/PS Blends ;6; }iﬂ ‘96, 4.
499 | Light Scattering Studies of Ionomer '96 & A 06, 5
2) 391 | Emulsion Modified from PEMA 3} 3} 9] -
ol F | PP/EPR A ¥ BA=e] nEax R | ‘96d A 96, 10
8] 2¢1 EA8Ad 47 g o
: Synthesis and Characterization of New
%99 | Poly (amide-imide)s by Direct Polycon | ‘96 3 96 11
9) 321 | ~densation of a Diamine Containing < 323 o
Diimide Group
%949 | Synthesis and Characterization of Novel 961 A 6. 11
8} 3¢l | Poly(amide-imide)s TH3 T
Adg | AF[ 28PN % Poly(ester-lmlde)s4 '97d A | 97, 4
9] 3¢1 | 84 2 B4 SLEA 23 -
o] F | A Study on the Melt Rheology of | '97d A 7 10
9] 4¢1 | Branched Polycarbonates - A F-A3) '
o)A} % | Morphology and Mechanical Propertles '97d =7 ‘97 10
2] 421 | of Branched Polycarbonate/Nylon Blends | 332} %}3] '
Z99 | Effect of Reaction Conditions on Micro- { 983 &7 98, 4
9] 291 | structure and Properties of PAls i g2} 8 3 -
Regiospecific  Poly(amide-imide)s for :
T99 | Gas Separation Membrane. I. Synthesis | '98\d &4 08, 4
2} 3%1 | and Characterization of PAI by Du'ect Ay S
Polymn -
o] ¢ | Phase ‘Transition Behavior of the [ '98d &4 08, 4
¢} 39 | PP/SEPS and PS/SEPS Blends ¥ 283 -
olAE | 7kA FEZlRvo|E/YE HA=e ® | '98d A4 o8 4
2 4% | F=2A¢ 348 AF 2R [ T

- 162 -




gEA |l o eR® | seslgw | ¢Ed
79 | A New Synthetic Approaches on] 2nd Korea- 95
%99 | Poly(amideimide) (PAI) China Joint & 1 1_',12
AE-3 Polymer Symp. | '
Synthesis and Characterization of| 3rd Korea- 95
#Hz <9 | Poly(amideimide)s with Improved German Joint 8 7 - g
Melt Processability ' Polymer Symp. |
:‘133 Preparation of Polyamideimide (PAI)|[1995 KSEA Intl. 95,
A2 via Direct Polycondensation Technical Conf.{ 8. 3179. 4
HAYG " ,
%99 | Direct Polycondensation of PAI 4th Pacific 95~
A8 Polymer Conf. {12. 12 ~16.
29 | Preparation of Copolyamideimides via|[lUPAC MACRO ‘096
Z99 | Direct Polycondensation Seoul 84°~9
o]+ | Morphology and Dynamic Mechanical [IUPAC MACRO ‘96
2] 391 | Properties of PP/PS Blends Seoul 8.479
M ] i f
o\ | Morphology and Properties of  lyipac macro| 196
: Etherimide and Amideimide Oligomer ,,,
9] 3¢9) Blends Seoul 84'™ 9
¢} 4%) y Ay Polymer Conf. [10. 26 ~ 30

Blends

_163_



H 5 & a7 giel 8 AY

A 138 3 A 71 974 HeH

©G-7 ME7|& AMuAId Al 1A (92, 8. ~ 95.7)2] & A7 wA
o4 Fiel Flg4Eol YR g TER 47 AHE AT
AITE Bl T 7e4EN AAE ] UIRE YL &
SolulS(P)A 47, $4717] AL £ PIA ¢ W HE
A, #4717 vslg 22 F4 pC @ AT AZIE LS 2 WA
Aciges MR okge UATE B8 F¥Ioln FUY ¢l
£ ATUYs a7PEe 4¥se.

0 G-7 MEZ|& /LA A 2¢A (95, 8. ~ '98. 7)ol M= o|F 3
ool tht AZAU ATE $Uslo] ¥R WAV Y @
= 4.

-2 A UERE Y Eelolnlm(P)A 42 dFoME AHEAY
o] 7Hstt 2B L£AjBojd HNauel EHe vehle PAL $AE
7@ 229 Az FAHCL YA PN YEE ASIIHEAE OF §
&Y FPos AZY 4 dE YA A2 ARVNE&S Y
g 53] o] 71&L nlF APCIAl|AN 2 BAL Uehlo] A7 §E
Mg AT FFATFE Aol el 1X2 2,000 $/kg8] L7t=
NAEE I 7} U4

- EY B4 &) NAEE SURe e 27l YEE AMEIA oz
= Y M Ul R VAN BEE B £4700 Aay

- 165 -



A7 PIA ¢ Ud HEAE ARIIGS AUsids, B 2
PIA 3 U@ 4EAY 2714 Pabdunt SILAEE okt
387key Zloz wusel o o4 3 WA dFe West S
oz wEsl YoiZigdd ARG Y sle) AN
A7R FEH2 7ag A= &

- B ohist £47171 W2l K Po8l HW/IHBEE ThE ARA
2 B4 Pce] R4 A Peel AZIEE JchE Rea gl
£ 283U U TAFUAY AU ShedS AU,

o a8} «a%rm A87F5U 3, AU Ay AZ4E AL B
7] $hAE Pilot Scale MZAF, $W/ABNE % 38714 5 A
2714 B ohiel AA FANGE VA FYSolot ULE o|@
ol BolZ1ge] AFAA Aoioiol 3 BAANE A4 A7 4
o YW 7laoEel WAy

-166...



A 28 39A 97 @ AgH 23 AY

ottelM AT uie} ol 6-7 MEIE LAY 2 WA & 3
AACEE77] UG $ES 28 A7 ARdDoANE (1) g
& & PIA 428 N7 A2Je AR (BN : () 2eEF],
(2) PIA g @ REA A2AE AW (Hirld : 2B
()] R (3) B4 PcY A7 ARIE AF (Heind : HLAR
()] 5 37he] 4F Hok] ATE U

o IR A 2xtA] AT A Bt Ale]l WU &l ol& 3 7| Eol&E
ztzte] HYH AAE EUsEe Ao vighAsitie Fr A0l A
Holg., K3, 3 ©AGME ZIde] HIAHA dF M ” FFE F
ER AE3 71e 7led X4 7L RESLZ] #]3) oA Q3d A
Hozw Ho7jgdd FEANR(F)NN V¥ Exog 7Yy ¢
T 9& o= AUREHI WA srled oA Fo e PIA
g W UEA AR7e AR>S A2t (1) L (3)o] ois] Bl
2] - 2z} o] 2700 SE de2AR E23lo] +YIE &

o B A2 TN B APMUAL £4% A7 YES A
2 4y odl (A7 Uddde 28N 294 ARLT] £
CPALA M Ug BEA ADHL SERopAL eigte] ajolt gl
o HAJIYUE (F)LLELE FUNEE E2242} B Sust
£ zlo] BEAQ olehe U WYY AT Qs E o
IYUE B wEise] ¥ o] H4 WYsE sglen 2 US
& SA31d ofelo} 2.

- 167 -



o
M

Te=en 1
(OIR21QIK} ¢ ARI)
+ | .

A B XD UZEoR
T%Q@%Tf s K RSN
T AR o

| SAHER I8y

POy we Ligf S+ Pel [ 440! Ui
:ilz‘ilg;g 8 RE MES P 2K SNES (Y oW

(2101712} Ji@ N MARED I

a0 [0S {&01712 HSHIISEER s

- szl @303 | e mopEm
LN o2 - ALY &M LIGZOCIKE
&g . | | e
01120
J=0IES

50| U RS
B210I0IS (PO X o2
(1-2 UIE QIR - & A 9)

&% PCol

28707 Uelzns
BV -
(1~28S ARMURL: O N S)
[3~4XHE : SR (F)IAN
FE]

[3 ~ 4R : (FTLION Fk

CER ¥ @7 24U AT A WA 1~ 23} dEE By
(@)e] FRATFARE, Hol7do] FFAFAULE $UUF 3 4
A dudlt Aod7idel A7 FEs, 4AdsE FE A
3 9 st dul AU FAR §.

..168..



A 3d Peuql
1 UQEE Yy Edolns (PI)A 4

oxEAt UE AR HE : AFA AAE HEAx|(Gears, Seals,
Distributer cams, Thrust washers, Bearings, Piston rings,
Bushings, Shafts, Master hydraulics cylinder reservoirs,

Firewalls, Floor pans, Sidewalls, Turbo charge impellers)

oM7|/M=} VP HE : Sockets, Connectors, S\_vitches, IC board,
Microwave oven parts (gears, rollers, magnetron holder), Copy

machine parts , Laser disk parts &

oAYZIA ¥¥%&E : Piston rings, Sealings, Packagings, Rotor

shafts, Bearing retainers %
2. PIA JE/dg dEA

Sadv, Ao, A=A, 837 54 49 oA 9d, U, ®
<, 43 F

oElevated temperature and Crygenic Applications

o Core materials for sandwich composites

oFire barriers

- Rail and road transport structures, aircraft interiors
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- Shipbuilding industry :
thermal hullboard, acoustic hullboard, ceiling panel, duct
liner and wrap, pipe covering == = |
- Electrical and electronic equipment casing

- Medical (X-ray table)
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