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8 9F: MCTC(Maleic Methyl Cyclohexen Tetracarboxylic Anhydride) 7} Dianhydride J&2

2 R 6719 ZEelolvs HYUFFEAE AHET olvl=spgoz st ddE &
olnj=e] olujE gl FT-IR2 BRIGHAT 2AHE(n,, )% 0.54-0.70dl/gol T} BaAFo S
AZ2H e MCTC Fx=2 st A4 F4d 8dA8E S7HAET A0 224t 234
T BaAA FAYY Zejoju|=r) oy on frigulo] st gai4gol =tk Poly(PMDA/
MCTC-0ODA)$} poly(BTDA/MCTC-0DA)S] 7% Dianhydride AJ&o| thd+ MCTC2] mole

80| z}z} 0.9, 0.80]Atoll4] NMP, m-cresol, DMSO‘: Auk-H-7) Sofoll LalEdch. &3 poly
(MCTC/DSDA-ODA), poly(MCTC/DSDA-OTB), poly(MCTC-ODA/TPE-R), poly(MCTC
-OTB/TPE-R)= 47] f718ulol &35 Ny 297lolAe] 10% F% T4 %7k 407°Co]
Aoz Aol st ol ZElolvi=e] AT 4 &L A7 58~85MPa, 1.9~2.
6GPaz dxHoly) Fepay fEO2 g9t

Abstract: Six 3-component polyimides containing MCTC (Maleic methyl cyclohexen
tetracarboxylic anhydride) unit have been synthesized using the one-step method and charac-
terized. Imidization of the polyimides has been confirmed by FT-IR and the inherent viscosi-
ties of the polyimides were 0.54~0.70d]/g. Due to the MCTC chemical structure which has a
single bond between two bulky cyclic groups, the main chain of the polyimides seems to be
flexible and assymetric. Therefore, the polyimides were found to be amorphous as evidenced
by the X-ray diffraction studies. When the mole fraction of MCTC in poly( PMDA/MCTC-
ODA) and poly( BTDA/MCTC-ODA ) are more than 0.9 and 0.8 respectively, the polyimides
were soluble in various common organic solvents including NMP, m-cresol, DMAc and DMF.
Poly( MCTC/DSDA-ODA ), poly( MCTC/DSDA-OTB), poly( MCTC-ODA/TPE-R) and poly
(MCTC-OTB/TPE-R) are also soluble in the above-mentioned organic solvents, and their 10
% wt-loss temperatures in nitrogen were higher than 407°C. The tensile modulus and
strength of the polyimides containing MCTC were found to be as high as those of a typical
engineering plastic.

Keywords ; polvimide, MCTC(Maleic Methyl Cyclohexen Tetracarboxylic Anhydride), svnthests,
thermal property, mechanical property.
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A o BAF| AMES o] 2FEL pyromelli-
tic dianhydride(PMDA, SAKAI Co.), Benzophe-
dianhydride(BTDA,
SAKAI Co.), 3,3 ,4,4" -diphenylsulfone tetra-
carboxylic dianhydride(DSDA, 2Al1Y4E o]33t

A= wn

none tetracarboxylic
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Co.), MCTC(HHY & <) =38} Co.)E AHE3IAT

tjoigl
(ODA, SAKAI Co.), 3,3 -dimethyl benzidine
(OTB 3=¢3} Co.), 1,3-bis(4-amino-phenoxy-
lbenzene) (TPE-R, Wakayama Seik), 920 g
+ N-methylpyrrolidone(NMP, Junsei Chemical
Co.) & AHg33ict.

281424 {24 benzene, toluene, aceto-
ne, chloroform, N,N-dimethylformamide(DM-
F'), m~Cresol, dimethylsulfoxide(DMSQ), tetra-
hydrofuran(THF'), pyridine, p-xylene, NMP, di-
methyl acetamide(DMAc, Junsei Chemical Co.)
£ AHR3He

A o] FA|. A RoeEA 24 AFHEE PMDA,
BTDA$} DSDA¥ KugelrohrZ o] &3l %3
AA8tE 11 MCTC= methyl iso-butyl ketone&
gl ALgalo] AR sl AgaieiT. Holely
£ol ODA¥ tetrahydrofuran(THF)&olej A,
OTB% benzene/petroleum ether(1/1) T3 &
dof| A 242t A AAE] ARESEHTE Aok g 1,3-
bis(4-aminophenoxy benzene)(TPE-R)& 1 o]
ARG AZL AMESth. &l NMP=
Calcium hydride2 8433 A4LE700M S5
sto] ARgakgint.

One-step A¥Wyol g Felojv|=e A
100ml A+ Zetazo goxejd 2 NMPE
Y oj7lel Clopm g $s] el chdel AR
9l MCTCE &A1zl NMP&S s} 27| 2
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AIZE B Ao Al AAHEE A7 5] 60CR 5
EAME xylened FYAZG. 34 FE wwk
3t t}go| Dean Stark trapS Adx|5t] 180°C &
T2AA 4AE T A8t FH] FEHE

Zejoloj=2 G4
)=

AJBo2 bis-4-amino phenyl ether

o
oie wAdd" EH

castingd} 1l ArolA] oF 104171 Ee NMPE =
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MCTC(Maleic Methyl Cyclohexen Tetracarboxylic Anhydride) & & &3l= Zgjojmzo &4z 4

A7l ¢E 150Ce 2AZ
AZ2AA Felolu]= B A

Z2ojv| =] ¥4,

£4 H=(Inherent Viscosity) : NMPoj| 44
Egolr|s g 0.5g/dl9) v =o|u YAz
SA-g AFste] S ALE No.2 HEA e &
30T & FZAN ZAR B A7E ZHsiol
BERBE () & TharAlell &fste] 8l

Iz,

Tinh = T4

Mo - BHHHE

C : gdsE(g/d)

A £337] : Bruker IFS 85 FT-IR¥} Perkin
Elmer 1760X FT-IR & o] &3t] A4E A E
S BEoE ThEo] I 7x9} o|n|=3lE E9)
Evi=s

93 ¥4 : (1) Thermogravimetric analysis
(TGA) : Du Pont Instruments 990 Thermal An-
alyzer®} Perkin-Elmer TGA 7& o] &3l &
of g Zelolw= A8 FHUALE FHIY
g $2&EEs 10C/mine|gal A4 (10C/
min)ol| 4 EA3tgt. A]5e] EAlE 10~15mg
AEZ A 8t

(2) Differential Scanning Calorimetry (DSC)
AREFAL DEA Aol AHEE 7171 Perkin-
Elmer Thermal Analyzer DSC 7(Differential
Scanning Calorimetry)& <<24% 307/min,
HaFolA AHgsld frEjFe] 2&(T,)9 &8
qEE YAt AEFAE 10~12mgYER
dg3tA sFH L.

71838 EA : Universal Testing Machine (Toyo
Baldwin Co. Utm-4-100)& A}8-3le] &4 8, ¢
S AFNEE ZHeTh. A (Strip) )
£2 0.3~0.4cm AEE 4dAHsT Zol= 8emA
=xon 5KgZo] load cellg AME8l] gauge
length:= 5.0cm, crosshead speed+ 1.0cm/min

Z strain rate 0.2/minol| A4} 2438}
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Fig. 1. Chemical
polyimides.

structures of the synthesized
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Fig. 2. FT-IR spectra of poly(MCTC-ODA) amic
acid(a), poly(MCTC-ODA) imide prepared by one-
step synthesis(b), and poly(MCTC-ODA) imide pre-
pared by two-step synthesis(c).

(AT A onegy oz AT Zyjojmes
260CoAA FA-2ULu 1775cm F5M ] A

WA A7)= Fvtskiot.
Poly(PMDA-ODA)$} poly(BTDA—ODA )=

‘*Ha g, 7]74]14 217124 D/HL:_ o] & s} EHg_z—lo]
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MCTC(Maleic Methyl Cyclohexen Tetracarboxylic Anhydride)E &
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Table 1. Effects of MCTC on Solubility of PMDA/MCTC-0ODA and BTDA/MCTC-0ODA Copolymers Prepared

by the One-step Method

Polyimide Film P dl/e) Solubility in Organic solvents®
) property Benzene Acetone DMF NMP DMAc m-Cresol
PMDA (0.5)/MCTC(0.5)-ODA Powder? - I I I I I I
PMDA (0.4)/MCTC(0.6)-ODA " - I I I I I I
PMDA (0.3)/MCTC(0.7)-ODA " - [ [ I I I I
PMDA(0.2)/MCTC(0.8)-ODA ” - I [ I I I I
PMDA(0.1)/MCTC(0.9)-ODA Tough 0.59 I [ S S S S
BTDA(0.6)/MCTC(0.4)-ODA Powder? - I I [ I I I
BTDA(0.5)/MCTC(0.5)-ODA ” - [ I [ I [ [
BTDA(0.4)/MCTC(0.6)-ODA " - [ [ [ I I 1
BTDA (0.3)/MCTC(0.7)-ODA " i I I I I I
BTDA(0.2)/MCTC(0.8)~ODA Tough 0.65 I I S S S S
C

1. Inherent Viscosity was measured in NMP at a concentration of 0.5g/dl at 30°C.

2.1
S : Soluble in a solvent at rocom-temperature.

. Insoluble in a boiling solvent

3. The polymer was precipitated during azeotropic distillation

4. - : Precipitated polyimide was not dissolved in NMP or other organic solvents.

DMF, DMAc®} m-cresolo| = AH-2-g3l3l%ct. &
/4819l poly(PMDA (0.1)/MCTC(0.9)-ODA)
2} poly(BTDA(0.2)/MCTC(0.8)-ODA) 2] #&
2= DSCz A3 Axp zbz 256, 262

T

T2AM MCTCHEo g9 Algx]o] A7l poly

Aol

(MCTC-ODA)9]  243¢C" ¥t}  =gtt}. o=
MCTC wt}h #38lil thaalo] £& PMDAS

BTDAS) &2 9late] BEatAlgo] ZA5E 7] uj
wolgta siMEtt. = poly(PMDA-ODA)$}
poly(BTDA-ODA) 9] fejdo] 25 242+ 400
colAn® 2727 2 BaEo{xa Qlut.

AR geFd 2 MCTCS DSDAE ARsla
tolwl g & ODA = OTBE AMgdle] ¥
FTHAE FAs] YEor Azt Table
20 YRSl EAHMEE= 0.54~0.64dl/gHE
ojitt. o] FFHA
% Aol A A
A BB EE F7HE
7 22§83 =% NMP, DMF, DMAc, DMSO,
m-cresold} Pyridines2] dut {7]&ujo] =3t
=3 poly(DSDA-ODA)S] 7<% NMP$}
DMFol| =32]¢} 1,

A;

3

=
=

N
ir rlo m.

ghH

m-cresolol] FR a5} e

2| A18Y AH6% 19943 114

DMSOd| Hgahe Aoz muslel drhl ol
DSDAQS ¥27 & ] 93 MCTCE tha =
g galdo] wolxlZ o g siAETt.

Fig. 3¢ poly(MCTC-ODA/OTB), poly(MC-
TC-TPE-R/OTB)%} poly(MCTC/DSDA-ODA)
2] wide angle X-ray diffraction patterng 2%
o}, AAFZF0| 23 EA diffraction patterno}
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Fig. 3. Wide angle X-ray diffraction diagram of
polyimides.

1. MCTC-ODA(0.6)/TPE-R(0.4)

2. MCTC-OTB(0.5)/TPE-R(0.5)

3. MCTC(0.7)/DSDA(0.3)-ODA
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Table 2. Film Property, Inherent Viscosity, Solubility and 10% Weight-loss-temperature of MCTC/DSDA-
ODA, MCTC/DSDA-0TB, MCTC-ODA/TRE-R, and MCTC-OTB/TPE-R Prepared by the One-step Method

Solubility -
Film 7 m(dl/g) Acetone, Cyclo- NMP, DMF, 10 % wt.loss
Property hexane, Toluene, DMAc, DMSO, temp.(C)
Polyimide Benzene, Chloro- m-Cresol,
form, 1,4-Diox- Pyridine
ane
MCTC(0.7)/DSDA(0.3)-ODA Tough 0.64 Insoluble Soluble 415
MCTC(0.6)/DSDA(0.4)-ODA " 0.61 Insoluble Soluble 419
MCTC(0.7)/DSDA(0.3)-OTB " 0.54 Insoluble Scluble 422
MCTC-0DA(0.6)/TPE-R(0.4) ” 0.70 Insoluble Soluble 407
MCTC-ODA(0.5)/TPE-R(0.5) » 0.60 Insoluble Soluble 414
MCTC-ODA(0.4)/TPE-R(0.6) " 0.66 Insoluble Soluble 425
MCTC-0OTB(0.5)/TPE-R(0.5) ” 0.64 Insoluble Soluble 415
MCTC-0OTB(0.4)/TPE-R(0.6) ” 0.65 Insoluble Soluble 432

1. Inherent viscosity was measured in NMP at a concentration of 0.5g/dl at 30°C.

Table 3. Mechanical Properties of Polyimides Prepared by the One-step Method

Tensile Strength  Elongation at break

Polyimides Modulus(GPa) (MPa) %)
MCTC(0.8)/BTDA(0.2)-ODA 2.3 73 45
MCTC(0.9)/PMDA(0.1)-ODA 2.1 82 6.8
MCTC(0.7)/DSDA(0.3)-ODA 1.9 80 8.1
MCTC-ODA(0.4)/TPE-R(0.6) 1.6 58 5.6
MCTC-ODA(0.6)/TPE-R(0.4) 2.6 89 4.8
MCTC-ODA (0.5)/TPE-R(0.5) 2.6 85 4.4

o7 #AgEo)z HF|F cyclohexene 1E°] & ODA/TPE-R)®} poly(MCTC-OTB/TPE-R)2]
A%t dAAFow AAE MCTCY 4l Ao 4% TPE-Re| E&c] AZFTE Hdgol I43H
g Az, @tt. o)= TPE-R¢ Fx7} ODAY OTBHEC}
AT BERE MCTCE ARg8tar topnl o Aol Fgsh7] wiEoletal AJzheEt.
@32 TPE-R® ODA Zix OTBE AML3&le] 3 Table 3ol ¥ 7oA 448t Fejo|n =9 F
A FEFRAE P /AT, Solgaigda A olAAE ARE Helstth. Modulus
10% A ZFLEE £3slo] Table 20 He = 1.6~2.6GPa, 91375 58~89MPag A A
gt TSATE B5 0.60dl/g o)Aoz =ot # 22l engineering plastic®] 7|A1A E4& Ho
ow o] XA EL 25 NMP, DMF59] §7) Z1 30th. Poly(PMDA-ODA)2] modulus$} ¢!
Sufol] ot AAaEH7IEte 10% FA #ge AdE= 247k 2.1GPa® 130MPazA] & ol 7o
T 400C ol4dez =3tom  poly(MCTC- TEFA RS 47 vlssiAY 2ith AMER
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MCTC(Maleic Methyl Cyclohexen Tetracarboxylic Anhydride) & & 83l= Zglolnz=o) §4da B4
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of 74P Fejeln|=rt FAPHUT. THE
Ay o] ZEglo|m == NMP, m-cresol, DMSO%
dukgoio] Wia gsldol ¥y 10% FH7
257} 407°C oo R WYEAe] =ttt
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