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Eolr=e] H7A < Fo}=]4kE benzophenone tetracarboxylic dianhydride (BTDA) ¢} 4, 4’-diamino
diphenyl methane (MDA) &2 MDA ¢} 3, 3-dimethyl benzidine (OTB) 9] E{tjoluis} ol Z&Zgurgo
ojste] FAstATh W8l ZE m-cresol @ mecresol/xylene &) TIEWE ARSI T. TGA A4 Ay}
Eelolv]= HEL 27188 2271540 °C—590 °C &) M9 24 WA o] $5:3tth. DSC £ oz F§4 9
FEHol 2= 340 °C o4 & &Nttt Zejolvls EL 453 71AF, A28 EALS 2 AN
U773 =7F 16 Kg/mm?® o]Folx, AAd=gto]l 200KV/mm FEQch A2 MDA & telgloz
AHEE GAFTHART MDA/OTB 35 8A Y E40] $+391, m-cresol A F4¢ TR} mecre-
sol/xylene EF-&ujANA AT A B4k 5594,

Abstract : Polyamic acids, precursor polymers of polyimides have been obtained by the solution polycondensa-
tion of benzophenone tetracarboxylic dianhydride (BTDA) with 4, 4'-diamino diphenyl methane (MDA) and/or
3, 3'-dimethyl benzidine (OTB). The reaction was carried in two solvent systems such as m-cresol and m-cre-
sol/xylene mixture. The results of TGA analysis showed that the polyimide films had good thermal stability
with the initial decomposition temperature ranging from 540 °C to 590 °C. According to DSC analysis of polymers,
the glass transition temperature was over 340 °C. Polyimide film samples, showed good mechanical and eletrical
properties, had over 16 Kg/mm® of tensile strength and about 200 KV/mm of dielectric breakdown voltage.
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The properties of the copolymer from MDA/OTB were better than those of the homopolymer from MDA.
And the polymer synthesized in m-cresol had lower properties than that obtained in m-cresol/xylene.
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Fejoln| =gl W mer] A AR 7Idol e
E& benzophenone tetracarboxylic dianhydride
(BTDA, Aldrich Chemical Co., 97 %) & °HHE 2+
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mino diphenyl methane (MDA, Janssen Chemical Co.,
97 %) & 3, 3-dimethyl benzidine (OTB, =33t
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¥-3-81] 2 m-cresol (Junsei Chemical Co., 98 %)
2 xylene (Junsei Chemical Co., 98 %) & AH&3H3

*

2. 2. Ze2jojoj= (B2|otAt =M )l &4

HLS- 7)o FAY wg&mE Y1 tolyl 0.25
& F]18te] 9Hs] &3§ th5, BTDA 025
& ¥ 60~100 °C 9 W& 220X Eejofujit
ZAES FA489ch. WS4 2E Scheme 10 e
Wit

WS AAES AR FEHd F4 (tin plate)
| "EA97] (Bar Coater RDS-50) & YA 3}
T¥3tam, B A 5mmHg 9 3422100 °C
oA 1 A1ZE, 200 °C ol A 30 &, 250 °C ol A} 1 Al Zkel]
AAN HES A=A

2. 3. %aolul:mgol xﬂx
=

o



o= A 25 &

Ao )3 cjoblsh goje) 13} 255

0] o} (o}
fi 1l ]
C c C.
0‘@@/0 * 2 —
C C
i 1
0 (o]
BTDA Diamine
(o] 0] (o] [0} 0 o]
1] It ] [ 1 1
NH-C c Cc-oH £ c C,
@ @[ - 5,0 g N-R
HO-C C-NH - R —— [ C
It 1 I i
0] o} n o] n
Polyamic Acid Polyimide

—O-e—O-

Scheme 1. Synthesis of polyimide.
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length & 1.0cm 2 =331t}
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Fig. 1. Effect of monomer concentration on the inhe-
rent viscosity of polyamic acid and the visco-
sity of it's solution obtained from BTDA and
MDA in m-cresol at 80 °C.
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Fig. 2. Effect of reaction temperature on the inhe-
rent viscosity of polyamic acid obtained from
BTDA and MDA in m-cresol.
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Fig. 3. Effect of diamine ration of MDA/OTB on the

inherent viscosity of polyamic acid (m-cresol).
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Fig. 4. Effect of reaction temperature on the inhe-
rent viscosity of copolymer (MDA/OTB=75

mole/2. 5 mole).
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Fig. 5. Effect of solvent composition of m-cresol/xy-

lene on the inherent viscosity of polyamic acid

and the viscosity of it’s solution obtained from

BTDA and MDA.
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Fig. 6. Effect of solvent composition of m-cresol/xy-
lene mixture on the inherent viscosity of pol-
yamic acid and the viscosity of it’s solution
obtained from BTDA and MDA/OTB (MDA
/OTB=17.5 mole/2.5 mole).
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FAE A oM BRE S A3 A8
%% Table 19 FAIEAcE AgE ¥-g&ul2A
0 °C ol A wk3-3te] A& m-cresol AlS}F 75 °C ol A

°é% m-cresol/xylene 7l S04 tlolvl o2 A MDA
E AH23 A 29 MDA/OTB 9] 33§22 E 93ty
B4 gule) E3tane) 3Edadts vustaz
At 4 AlE F9 wEREMERE 20 % 24 B
S$A7He 120 Bolth. He Ueoldlo =24 MDA &
AF2 3 G a2 %) (homopolymer) ©15, C £ MDA
/OTB & 3% A (copolymer) ©]th.

Table 1. Abbreviation of Polyimide Samples

Diamine Solvent
Sample (MDA/OTB) (m-cresol/xylene)
H1 100/0 100/0
H2 100/0 90/10
H3 100/0 80/20
C1 75/25 100/0
C2 75/25 90/10
C3 75/25 85/15

3.2. 2. HAME OIXA
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Fig. 7. Effect of m-cresol/xylene mixed ration on the
viscosity stability of polyamic acid solution.
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Fig. 8. Kinetics of imidization of polyamic acid at va-
rious temperature (BTDA/MDA).
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Fig. 9. X-ray diffraction diagram of polyamic acid and
polyimide film.
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Fig. 10. TGA curves of polyimides.
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Table 2. T, of Polyimides. Observed by DSC Analy-
sis

Sample T,(°C)
H1 352.43
H2 343.59
H3 346.40
C1 361.31
C2 354.20
C3 —*

E=3 A7UGAEE &3] 95t 350°C 9 &
B4 A2 A 72 A3 Tt SHHEE £
A7E Fig 119 Yerldth, 7 A8 33 4% ¥
oo} FHAAE YEhIlen 53] 53 A8y
3% 2% vive) FFTATN veEhY £§ 59 7E
Zae nHFthE A9 FHALV) Qe F& U

_._Rmn
> — H2
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Fig. 11. Isothermal weight retention in air at 350 °C.
a': homopolymer, b : copolymer
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Table 3°l AFZ=9} JAFAEE el
QFE=E GLFFAAMNE xylene & EFLEZ

Fd3st, A 23 A 335, 1991

EERE L SR -E R

Table 3. Mechanical Properties of Polyimide Films

Tensile Strength | Tensile Strength |Elongation
Sample at 5% Elongation

(Kg/mm?) (Kg/mm®) (%)
H1 9.5 75 375
H2 15.0 10.7 43.0
H3 144 10.9 395
C1 17.4 11.7 320
C2 179 119 24.0
C3 16.3 11.2 270

o] &% H2 ¥ H3 AlEA 14— 15kg/mm’ &8 L2
e vehge], wSge EFEE g7 £
BA a2 i gEadr) 5 308 7 AU
AA Ao ZE MDA/OTB & FFdA7F vuzd &
ARF=E Yehiden, JANEE HAZ 27—
43% & WeoA T AFFEI} & AELFE
ANEE vA e

5% AAA Y SAFE AA t]olrlFF A o
28] 24 m-cresol 9 xylene & EFALEF AIE7}
10.7—-119Kg/mm? ¢} #o 2 -3 83 e
REA=

3. 3.5. M7H EYN

B Ad0A A3 Zalojulze FE EAF 3
Uzt A71dAAdelt). Table 49 A7 &
AAGAAL, AHALFE @ TAHYES e
Aok, FAAA A} dF ARE Aste AY
200 KV/mm & el 233t s, 35EA
o] B¢ AHALEEL 100 -cm, BHA Y-S 100

ox
L
o
ft

Table 4. Electrical Properties of Polyimide Films

Dielectric Breakdown{ Volume Resistivity | Surface Resistivity
Sample Voltage
(KV/mm) [(10® Q - ecm); (104 Q)
H1 2259 1.9 20
H2 2145 3.8 1.8
H3 187.6 245 19
C1 1974 37.7 9.2
c2 202.0 332 174
C3 2104 318 11.9
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FH2EAIESER BTDA, HolwozE MDA
Z& MDA ¢ OTB ¢t £3E& A28l m-cresol
22 m-cresol/xylene & &g &l Zao|u= (&
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24E EAC nAe 4% HES ¥ g Ze
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o] 4 EFEolmE HWEY AZZEI} Fo},

m-cresol & m-cresol/xylene &vjolA FAF =

A9l AFZ=F 242 174 kg/mm? 9} 17.9 kg/mm?

olit}.

2. A7N5H%LE S8 A RN FAAHte] oF
200 kv/mm, AHAFEL oF 10°Q - cm, EHA
FEL 100 o] 3oz A FEF g UehdTh
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Fol 580 °C W)Ytk Tge 340 °C olAo s &
st

. m-cresol/xylene & Y3892 A& -9 m-cre-

sol o] &t xylene &} H7l&o] F71&4E AFY
A7) AR d o] g At
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