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£ 9 : Mellitic trianhydride ¢} diamine §-2 %5 2 1A kg0 24 wWAL3 polymellitimide
& $AEG A 194 784 polyamic acid o FAFNA 54472 dimethylforma-
mide g dimethylacetamide ¢} #] 54 4|4l tetrahydrofuran & A}83F #UEH FFuk-3&
vl e FAZ) ol gt A4 polyamic acid of GolEAe| I3 AP L WAl s
= 9y o 2 A & tetrahydrofuran o] 53] 831gith. Polyamic acid & 7}3ts}e] 71dd o)
wzshete] -3 444 polymelliimide & A5tk 4 polymellitimide 5.9 W34 & D
TA 3 TGA Mol 93} A& 7155 2 /1304 23stel diamine 7] HJ¥o] Wt
oA ¢ ¥lw ARG 25 polymellitimide o] imide 39 & PAAE S Hgkor, Wi
Z diamine 0 278 -FE9 polyimide F& X W= diamine 0 2 HE 9] AR} A o] &=
Fg 3, FA-54 methylene 7] & 33141} hexamethylene 7] S X1 & polyimide & -3H%
oA =z d AAe AFAoH, HFEYPGon A AoJAY BFES 718 ether
Agoz o] Fo]A polyimide = F &3 L A5 Ad kgge] AR & Lt

Abstract. : Radial polymellitimides were prepared in two steps from mellitic trianhydride
and diamines. In the first step of forming a soluble polyamic acid, homogeneous solution
polymerization was carried out in a high polar solvent, such as dimethylformamide or dimethyl-
acetamide, as well as in a nonpolar solvent of tetrahydrofuran. By the tetrahydrofuran
process, it was possible to give simultaneous formation and precipitation of polyamic acid
free from the usual tightly bound solvents. The insoluble, thermally stable polymellitimides
were formed from the polyamic acids by imidation reaction under heat and vacuum. The
comparison of thermal and oxidative stability of polymellitimides was also made by DTA
and TGA in air and nitrogen atmosphere. The results of these thermal analyses revealed
that polymellitic imide ring was highly stable to thermal and oxidative decomposition, while
the thermal stability was greatly affected by the structure of diamine components. Polyimides
derived from aromatic diamines were proved to have higher thermal decomposition temperature
than that of polyimide from aliphatic diamine. Polyimides with methylene or hexamethylene
group in the main chain showed decreased thermal oxidative stability in air, while fully
aromatic polyimides or polyimide with ether linkage between aromatic rings showed excellent

resistance to thermal and oxidative decomposition.
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¥} g polyimide ¥+ polyamide-imide &
9 A v AL ¥R AVH F
ANAR EAol ofF it Aol olv] A&
d# A gler, 22y o] & S5 = 5= benzene
tri~ @ tetra—carboxylic acid ¢] F&<q] pyro-
mellitic dianhydride W] 2] = trimellitic anhydri-
de ¢} W% diamine F2ZHF -F-%3 linear 3
ZZA Bl 18, 2 o F Ao A& benzene hex-
acarboxylic acid ¢] F<=E< mellitic trianhy-
dride o] 382 diamine & #8A# branched
Y WAL radial § FEAE 4= o] EAH
2 film casting o] 3] o]v] B3 &ku} 3178,
33 FrAoz B FAES W 49 F
diamine 77} 4 #-o] polymellitimide o] Wjd A
of Z9FE A Aoz FEHv, diamine V]
o F7] 485 7] 4]% methylene Z3H& =
AV, A 8E diamine 4 -2 ¥3Z diamine
ARl vld] 4 kAol A Aoz 4
=

2 3y A4ZF diamine & E4 hex-
amethylene diamine - #%}3, methylene 7] &
383 Aoz 4,4 -diaminodiphenylmethane
S, w3t ether 239 Ao zE 4,4 -diamino-
diphenylether &, =.2| 3 o] &3} u|:3tr] 4 4
) 3 A o] Z-2 benzidine @ p-phenylenediamine
9 5%% €3l o] &2 polymellitimide (I~
V)E A7 e, 2 9 944 vadg
o}, Gol 3o 9|8t x7] %A polymellita-
mic acid Aol 2] Lol w2 AL F
oMz dFAe Ehbfel s AEI I O]
29 vd Ao A A FE4H (DTA)
st g EZF2AY (TGA) 8 75 92 4
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& 715 FAAMY EEAA & FA3 e 2 At
AR FeF2E vw ZA B3R 27 pyromel-
litimide 9}¢] v] 2% A3} ).

2. & #
21 M =B

212 monomer 2| B4 == HH|

Hexamethylenediamine: Wako pure chemicals
o 13FE PEERA A& A4 @R A
& ARSI (EF el A9 m.p 42°C).

4, 4 -Diaminodiphenylmethane:
chemicals & A ¢FEFS ethanol E4¥ A4 2 A
4. oH(m. p 93°C).

4, 4-Diaminodiphenylether:

Yoneyama

p-Chloronitro-
benzene 3} p-nitrophenol £%¥ Ulmann ¥-&©
2 4,4 -dinitrodiphenylether & %433 etha-
nol & v ol A SnCl, 3 AAte =4 241 b5
ethanol Z A 2% (m.p 186~187°C,) ¥<14]°
187°C).

Benzidine: Katayama chemicals®] 1 %%
ethanol & At&3ste] 23] A AA3} et (m.p
127°C).

p-Phenylenediamine. Yoneyama chemicals £
1§%& ethanol & AM&3te 23] A AAHA
h(m. p 141~142°C).

Mellitic trianhydride (MTA): Mellitic acid
(Aldrich chemicals ¢] 15-%) ¥} acetic anhydride
(Merk 534 9F) 258 A M8 of whe} A z359
on, KOH titrationo] 2}& neutralization
equivalent 7t &4 2 2} 48.05 ©1 3 =, KBr-
tablet o] ¢]3} IR-spectrun 23¥-E 1800cm™ o
A 733t anhydride carbonyl~]9] &% &l
T A

Pyromellitic dianhydride(PMDA) : Yoneyama
chemicals & A EF& zo] 2 AR&-33 T

7|} 20y : Dimethylformamide (DMF) % di-
methylacetamide (DMAc) &= Hayashi chemicals
9 1% A%E POsAHAF st £/t At
2319 32, tetrahydrofuran (THF) = Wako che-
micals & 1FEE 538 F AFF3H 2,
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Polymide 7] ¥4} = W44l Agda+

ether, benzene % 7|8 7€ A 1FF

& Agelwet AR A% Agsget,

22. &

DMF, DMAc 2 THF A7}A &4 & A1-&-3)
o LA o3 MTA ¢ diamine F 25
H 2§ Z7dlel polymellitamic acid &
z3tg ok shEAle Bl sl A F
P YA SPEE A vz A=
Qo MTA S ¢ 4ejEol] A &= A
#A4 o Fo BFYA F=FEL X R34
th, ol & & 3ol slel AAEY A=SF
AAF 9 IR-spectrum o] &3t anhydride car-
bonyl 7] F499 £4 A= AF2FE 2%
Wl FF-E S 4 A, 2 AEHA %
B o 24 4,4 -diaminodiphenylmethane (DDM)
9 ALE 42 37 g3} 2

DMF—&a =3 DDM 2.97g(0. 015mole) &
DMF 25mlo] &3]A7 &A& 3F flask o] 4
3 Axrkze) AzEAR FsHA sdkstEA M
TA 3.02g(0. 0105 mole)2] 40ml DMF £ & =
3 29718 B8 Ao AA3 ssg
FEF 2 Axor S4E%E ARG 2
A 9 HEE 2245 Favts Y
2o AsezA BT 4 AAe. #Hdel ¥
3}Z oil bath Ao Al bath-&% 60°C £ 1.54 7
aubstel] WSAF T, 24 9 §4& AL
74A] W% F 7] benzene & b3t At
FAAARE A%t DMF 9 benzene & A}-8-3t
of 23 AZAY FAIGAH. 2 IAH=
(epre) = DMAc 0.5% 8 25°ColA &A%
Az} 043014

THF—&4 23 DDM 2.97g ¢ THF(80ml)
LR85 0°C 2 Y2442 F mechanical stirrer
Z 7sA wukslE A MTA 3.02g 2] THF(70
ml) £4& AAM3 H3sH . MTA g49
EQ5 FAG HaZE Aol AR o, A A}
g F 1087k 0~3°Cell A Hk&& AFHAA =,
thekd] HA g ether o] wWbgES A sHeld
Wes FAAAN oF ASE 2 d34sn
ether 24 33] & ¥ 4204 74 (5mmHg)

FolH A 44 M43 1980d 749

el A zAF
et
DMAc—&-4 3. 91 DMF ¥ &3 33}
Fov A FFAY 74/ % 046015 Th
A AAA FLEA Fgel & g
polymellitamic acid %3 A}£3+ diamine 5o
FA Gl AF f7] =4 49e] DMAe, DMF$}
N/10 KOH o & &&=l ov, IR—5F &<
o] 24 MTA-DDM Z% 9] 72 vy 3300cm™,
carboxyl 7] vcoo 1750em™, voy 2900cm™ 52,
=Z 1620cm™,  1525cm™I,  1305em™! o
amide I, I, Il band & 27 213 4 g},

}g }j %‘g’ Nsp/e BATT 0. 3101

2.3. =% ojoj=st

oA 42 Z§ E7+4 polymellitamic acid
& 7hetstel 180~200°C o A 3. 5~44 7+ 7}4
F]-"‘] B olmlz3lsig o, olvj=slel 94A
o] B-= IR-spectra & &4} 1 end point S
g5t

2.4. M= % IR-spectra &3

# 7123 polymellitamic acid 0. 05g & DMAc
10ml o] &3] A A 25°Ce] &2 %] 4] Ubbelshde-
435 IR-
SAtel A KBr-tablet® ol 2|3 Shi-
mazu R-400& A+§3te] 224 ok,

2.5. Alxt @A (DTA)

type viscometer 2 H X E

spectra =

Shimazu A1z} <@ &84 >33 (DT-20B ¢ MDH
20 3 R202% A72)% Ag3tx, AzE FA
FAse Egdoz gt wWF cell o 3~10mg
¥ AR oY, 2E ARRAE 2L 39 o
alumina & A}83t5 . Detector = dumbell
type @A) (Pt-Pt Rh10%) & At &3tz ZE 7}
T 1004V, £%7] & range = 15mV, chart
speed 2.5mm/min, £25% 10°C/min & 4.2
B-Zoll A 5B 650~850°C 7+ & A &7] F (30~
40ml/min) 2 F7] % (open system)e).q &3}
Aet. 4| 5% F el vlE wE £59

A4E oF 1087 F3440A AR 715 22
9 AR F 2AARG. AR WY e



AARE] 485 BEEZY A9 bensoic
cid-‘l} Zn-metal & A&3te] 2 §FHITAHoE

olstg o, A8 A9 Clampitt & F4 3}
% a8} o] g,

2.6. & SUEM(TGA)

Shimazu & Ze:3-4 23] (DT20B-TG200] T
GC-20 ¥ R202%1 7 )8 414315 chromel-alumel
FANE ol gl on], 7HE FLEEE 10°C/
min 24 A-&5-Zd A 700~900°C 742 2] FaF
WSLE V] Segvh Alsw Wt cello] A2
10mg £~ 2ot A7) (30~35ml/min) & F7

Foll A A3 ek A Aol = AlE
83 Axz AFAAH T
3. &3t & DA
3.1. Polymellitimide £2°| &t
Polymellitimide F3= 2 %H4] uk2o] ¢]a) 3

Asg om (24]), Al 194 = MTA 9} diamine
5B Apgile] SaE2E ulrgo 93 Pl
polymellitamic alcd 5 FrIdc. gd e
£ #7154 859l DMF, DMAc ¢} 2] 34 &
wjol THF & #3575 Agste] 49 $35%

|5

(1)~

4B S RES
g
Bower? ‘%l Dine-hart® -2 pyromellitic dianhy-
dride(PMDA) ¢+ diamine §% F-E}2] polyamic
acid A4 AN A W5
GAls Eulel A4E HEd = 4%
g mlATE A% velz g5 2 PMDA 9
diamine &} Eu]ojA PMDA & =& mleknr)
Ho g, EPHEE BT FPH2
24 AF AxsF & polyamic acid & A3 $)
t}. MTA = PMDA o] uj&] A7 Sl 5ol o
3 g} dol 2 Ao e Eid F¥
< A4 F ot MTA ¢ diamine 9] &

molar ratio &} F
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ZEH
vlof A MTA & 5% & AH&sha F 2
o £ & diamine £Y¢] MTA £H & o
sterezx wlwAd FHzst £ polyamic acid
T 98 U F AYAA B wpe 7
] 4,4’-diaminodiphenylmethane ©. 2 35 1.2
polyamic acid 9] 7%~ 0.5% DMAc &9, 25°C
oA FAT FPAHE g4 3 47 0.46(D
MAcH), 0.43(DMFH®), 0.31(THF¥)Z o g
A FA KA Qe Axrr & g el gl
k¥ polyamic acid F+& =4 -2n]¢] DMAc 9}
= 748F solvation o] 2]3] complex & & A%t=
3k, polyamic acid ] DMAc &9 At = 4
do] Aghel] wok Az ghadiehe
b glopitiz oleldk T4 el HA9 sol-
vation of] ]38} polyamic acid %9 A% Asl=
Bender® 5o] A A3l Bay aEe] AL
AR FAE amide 2T AL EEE £4
A7 Akt AARek(34),

o

el
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o
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(3)
DMF, DMAc 5 THF A 7%
% THFWo] Ade]A mivlsl ol
A golstete Aok, oA AAG 3 g

S5y

s

aﬂl— A AL

O

==

wAe) QS AARTHE HelA A A
sl el S, DTA % TGA 5
e8] A85E2 o] THFH polyimide ¥
e A8l

Polymellitimide 7"{]'/‘494 Al 2 =A] & polyamic
acid & €<=313}, ol vl =8} 474‘3?&"1 01*1:
Qulg o7 B n1/§-£}]/} polyamic ac1d 3
A Ay, 24 o ALl A

7} 3} = aLh\J JJr ,Q_oﬂ N-EH =

- ay Q
A WA+E 332 amine Ao AL
oé_ﬁx% ol 01+3,]I,14,15 y }‘quﬂ 1
T80 249 £4E 2 99
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Polymide %) §4% = W2 4ol H 47

99] polyamic acid & zHgtstel Al 180~200°C
2 3.5~4A 7 st FH 5 dded, A
A& IR-F5 54& AT E8= 545
2 Ante st FAsgch. THF-H o3
polyimide(1), (M), (V)& zAolA =H3
IR-spectra £ Fig. 1d] el ¢itd. Imide 7] o
98 F49E 1770cm ™! (Vimide c=0), 1720cm™
(Vimide c=0)» 1360cm™ (Vimige c-n)'E 720cm™ (n~
imide 8] HFEFu)N FZoA A2 ¥
T Sl=h

e S

111 |
N N

"—\// I/JJ j;m’ n fn' jﬁ Ve
i ¥ 1/ M,
'1 !!v J" 14‘ '\"N\\ f

’,f ;! ) l/

v l! ‘, i TN,
) e
- A

f

KT e o e e i Tiio " " Ben Teon T

-1
wavenum b CoeM )

Figure 1. IR spectra of polyimide(1), (If) and (V).

3.2, Alx} 24

9] 2.2¢] THF-#Y £45¢93 2.39 5%
olv] =3} = 43k polymellitimide( 1)~ (V)ell
e AR dEAE AV 7T 2 B FAA
27435t Fig. 2~3% #2 445 d3low,
)¢t sty f18 F4g YW o= PMDA
9} 4, 4’-diaminodiphenylmethane & 2 %5 o &
polypyromellitimide (V) el =& FAA}= o
$2] Fig. 20] Yeb ek

0-(AN-CO |
N o-@_cc n-(O)-cil,

(VvI)

A58 FAE AYE 2E AL 2.5
Za A4 A4% 1980 749

Endo < -~ Exo

Temperature, °C

Figure 2. DTA curves of polyimide (1), (@)
and (V). Heating rate 10°C/min.,
——in Np, ——-- in Air.

——3r By

Fado w

Teoperature, °C

Figure 3. DTA curves of polyimide (W), (W)
and (V). Heating rate 10°C/min.,
——in Ny, —---in Air.
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B -
A ghgluke} o]l FdelA F4lch Fig oA
A2 255 pVaA, 7t25e A8 &
TE vepd A3 FA = 3~10mg ¥ 92
AL g3ty e o] &= scale-out 3 4-& 7hakst
of AT Aolty, Az FAA)ANAL HS-
Fig. off | H Eule} gho] 2 E p01y1m1de = oz
o] dEdoz @ date] ehgle g4
A 8% & 4= 2l Hexamethylenediamine

o 27 polyimide(1) 7 3749 w4
peak § 48 ¥ 4 9l.od 4,4-diaminodiphen-
ylmethane © 2 HE} 9] polyimide(l) 2 (V)2
Ao o0 ula FAL B & g} o] 5o
w7 Al w9k W peak £ % & Clampitt 31
o wbzt 73k k& Table [ o] vl glch. Poly-
imide(1)9 350°C ¢l W peak & >C=07]
9 >CHy 7] Atel o] EAH mx A7k TH}‘
Sofl 9%t b ghe] A4 et A4,

$}7re & 42 neoprene o A & ¥ HCI 7}JJ~-
§9 DTA =4 A olslx 9leHs Polyimide
(1) = (M)e] A 398°C s} 420°C ol 419 -

7_(

o2 Z4 methylene 7] 9] @ 3o 7|2l
A 7+E ek, Polyimide(1)9] 425°Ce] A9 ol
peak = $53l= TGA A =tsl ofgyl 2%

] hexamethylene 7] 2] o 23} 7]<ldt Aot
Quld o & wHzlERo o 2wl
vrebl = 7 9-9F neoprene!®
HAAE vebd = T4 4ot o
A glovt, E polyimide Fi= Fxjof] Zatch
DTAZAFZ HB #Hld &+ gk o

mide 52| 5 94 %3] peak &%F 570°C

i S
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[

A

B o oo v &
o e )
A
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2 2
T
gz
n? rE

e rf

polyi

Table 1. Differential Thermal Analyses of Polyimides
(Heating rate 10°C/min, in Ny)

ZFEH

o 4 ¥-B]l 605°C Alo] (Table 1)=2A] o]-&o]
of da Hts] kS 4 4 Ak DTA
Aol eyt peak o Rk} peak & 2 HE
%% # polyimide ©] diamine 7] 4] 3-o] ben-
zene 33t 2 FAH ZolAUY (N B V),
benzene 3t A}o]o] ether A (—0O—)oz: o
A AL 24 methylene 7] &
polyimide( 1) =3+ benzene 3+ A}o] & methy-
A=l polyimide ¥} o oy Aol £-
G2 9k 4= 9o}, Linear 3 polyimide 91 (M)
T 5 polymellitimide (I )& v]is}e] ®] 7+
AEEA"AE (D7F (DX
o AR o AAe]l $FHEL o
itk (Fig. 2 & Table 1).
&ty o] E

[RE e

A=

lene 7] &

ke

- diamine #-7]

polyimide 9 =z
=387 S

oF A AbspEs)
Zo 4 DTA
F g. 2~3(3 A1) 9 Table I 7
31‘;} Fig. o A M4z npe} o] o
o Zol 2] DTA A& 22 7
ool Aol faleir} peak Lx i YE
2 yrolA| sz glt}. Polyimide( 1)9 320°C
9] peak = #H <3 carbonyl 7| ¢ methylene 7]
Abole] FA i FA7E shuA e sl
7oz F25v 465°C 2 peak = hexamethy-
lene 7] 9] AFEs)Ads2, =3} polyimide(1)
g2 (D)4 380°C ¥ 385°C 9] w2 diphenyl-
methane 9 methylene 7] &} AF3}E-8] o) 2 & A
°]F/} AtsE T, F ASEEE] w89 bl peak
% (TableI)3= 562°C ol A 590°C Ato] 24 &

] W gol £8&& Wl F gk,

ol

¢

Zr-_!ﬁﬂ’ﬂ"o

Table J. Differential Thermal Analyses of Polyimides
(Heating rate 10°C/min, in Air)

Exothermic

Polyimide

Starting temperature  Peak temperature
(=] Q,

Exothermlc
Polyimide

Starting temperature Peak temperature
(OC) o

I 275, 403, 515 350, 425, 605 I 250, 440, 512 320, 465, 590

¥ 330, 490 398, 593 I 260, 505 380, 562

| 75 595 i 490 565

iid 537 605 v 522 570

1% 512 595 v 505 570

L' 240, 480 420, 570 )| 255, 505 385, 562
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Polymide %] $§45t = WldJo gt a7

E=E 37509 DTA ZAF o] A polyimide (1)
2 (D9 € stAAol ether ZF(H) =&
benzene 37H-E AU+ polyimide(V) @ (V)HE
t} ol &= A& &4 methylene 7| o] 7] al3}
g} 4zg e}, 98k o2 diphenylmethane 3}
7ol A4 #BagAs) o] AFE Ae CH
A% g5a eE AAed Ashubg 5&
dos7] 4oz A dA = Aot o
Z 2 QAT free radical (——-@—d-)-ﬂ 2
A3te] Aol Ergsiry, Lady £V poly-
benzyl ¢ 7} A3lo} 4] methylene 71 &= hydro-
peroxide & A # ketone =+ acid 2 A 3=
A carboxyl 7] = 45 A F5E =& ester

2 7tA dstetd A FAge] A AZ¥ 5

: 1
@ — Ok < g,

2 e

(a)
o] o] Feo]Achx e}, Polyimide(l) 3 (V)
A A& ofsh Akt ubS-(44)°] AshEa 2
BollAl dejvtelzt FEH

3.3 & SYEM

Polyimide (I)~(V)ol =l 471 2.69 ¥
ol el F2E5E dAsA stz (10°C/
min), AA7|FF =& 7] F4 TGAE =
Asted Fig. 4R &71%%) 9 Fig. 5(371%)
9} 7o AsE A, Fig. 4914 polyimide
F= 100°C A Tl A AT 2~4%S FFFEE
vyebfz gleon ol 49 fu i = f
Bo]l EASULE AAstE Ao, £ poly-
imide ] %4 benzene 3-& carbonyl 7] & 67
Az glo] FE2 AA £F FeololA 44t
2] THF 34 =& & £49 Ax9A9) ojH g
PAEL FA] 4% Aer 59, Figd
9] TGA T oz ¥¥ polyimide F2 500°C ©]
Ao A9 FA zheF § S 73 A Table
B+ 7. Tableo] s Riuke} o] Ar|F
ZolA 500°C7AA ] Z#FE M= polyimide
(1)e 45.5%, (I)& 17.5%19 H|& poly-

Eo|H A 49 A 4% 19800 79

100 g

@
a
T

8

Woipht residue { % )
3

20~

In N,, heating rate 10°C/min.

Polyimide (1) y (II) weeen,
10+ (I11) — =, (IV) =~ == (V) =0 o

'
J*J ’
800

4 L L 1
1c0 200

L =)
300 400 500 600 700.
Temperature, °C

Figure 4. TGA curves of polyimides.

Table II. Percent Weight Losses of Polymellitimide

(in Np)
Temp. °C
\ 500 600 700
Polyimide
(%)
I 45.5 54.5 56.3
I 17.5 35.5 46.5
i} 11.5 26.7 39.7
I 11.5 24.3 37.5
V') 11.5 28.2 43.5

imide(M), (V) 2 (V)& vgol €3 11.5%
o] ztegukg bl s ek 700°C7HA 9 A&
3 ztgol A9 dgAe AF (W)> (D>
(MH>(H>(1)Y 811z, 50%0] 32 ZHa
< el E AL polyimide(1)EYE & +
et

dH 3 FdAe FF 4 S Fig 5
9l Table NolA Bd A&7 F = 2o 400°C
o] Foll Al zHee] zz 700°C AFoA BE
polyimide & A9 Astid==, =z I4L
(H>V), (M>), (1Y €AL& ¢ F
et 300°C A ¢} 600°C o] 2ol A polyimide
(I)°] o] (1)EH & ol f= 3.2004 A
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PRI - B

|
|

i
I

Weight residue { % )

In Air, heating rate 10°C/min.
y (T1) mmmemy
(T11) = ==y (IV) = = = —, (V) —o0—

Polyimide (I)

. | I . . N
N TR 500 o B [eS)

o
Temperature, C

Figure 5. TGA curves of polyimides.

Table. I¥. Percent Weight Losses of Polymellitimides

(in Air)
_Temp.°C| ""
\ 400 500 600 650
Polyimide -
(%)
I 2.5  47.0 750 9L5
i 152 30.0 77.5 945
m 7.5 2.0  6L7 825
v 80 135 5.2 710
v 82 2.5 6L7 815
A gk vl o] &4 methylene 7] 7} Ak3he] &
A dodle= ol Aoz A4

h=

1 Jones' 59| el wteh
£ &xo Hs plotste] Fig. 6

£ a9}, Fig. 62 polyimide
(1) & (D9 Ao Fe@A)AA] s
T 100°C o5ty A2 oA dadt A&
W om=E gl 93k ZlolH, polyimide(1)9]

23] & 280°C H-Zol|l A A48 A Aste] 400~
550°C Ate] ofl A Zhaksrz 7b whetA] 2 9l 52 465°C
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Figure 6. Plots of weight loss rate vs. temperature
for polyimide(T) and (H).
Heating rate 10°C/min

——in Ny, - ~~in Air.
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min 8] HW A S e gleh

Polyimide(N) 2 (V)2 49-=(Fig. 8
7o) 500~700°C Afololl o w2 FEFEEE
e Hd AaEEss (D)9 A 610°Ce
2] 0. 207mg/min 5 =3 (V) & 612°Cell A 0. 227
mg/min & zt& vhebll 2 glok. ©] & polyimide
29l #r)FoAe ztEEriE Fig. 6~8lA
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Figure 7. Plots of weight loss rate vs. temperature
for polyimide (I) and (V).
Heating rate 10°C/min.
—in Ny, ----in Air.

oz vehliglen, AzrfFFdA 2o
chergt FAAS & & ek A FES
L2 E AR g AV F AEc 47
& 2xo|v, Fig 6014 polyimide():439°C
(0. 372mg/min), 575°C(0. 325mg/min), (W):
570°C(0. 447mg/min) & =3} Fig. 7el4 (I):
550°C (0. 486mg/min), (V): 560°C(0. 440mg/
min) & z2]3 Fig. 84 (W): 570°C(0. 455
mg/min), (V): 570°C(0. 476mg/min)2] = ¢}
AL 44 Jelz ok gz Ase
3.29 A dEAAAGE A IAFE &
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Figure 8. Plots of weight loss rate vs. temperature
for polyimide(¥) and (V).
Heating rate 10°C/min.
—in N, —-~~in Air.

1. Mellitic trianhydride(MTA)%} Au}< 2
WS diamine o 255 LA 5t g o]
&3tel 257 4lg o 24 polymellitimide $Z
FAT g ddoH, ST fo FAHEH
3! DMF 2 DMAc #3t ofel vl 4 g=jql
THF = Ah& 74533l

2. %4 A 1934 27 $F4 polymellita-
mic acid A FF A FIHY dol A £A
o} obge] &rj At FEAY Hxel vXE
A 55 2T & THF-&AFPyo] 3
&3 oz 5=

3. &4 E3elA MTA Y A7) Lo Eo] o)
g A= A ol F kAol &3
HE BT $4FEH e A4 £ 9ot
diamine o] 5% ol ko] MTA Lol 43}
3t 744 3P e 24 AA polymellitamic
acid o] H=%5 FAANL = gk

4. DTA 2 TGA 94%4 A3 £ polyimide
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B - FEN

= Q33 et AEE-F ol 4] diamine A 2] 3}
5—}?—333} 28 AA 7 o, polymellitimide
o imide B9 o PRAL A F& % 5
515k,

5. Polyimide & W< A3} diamine 7] A&
Aol e B3} e DA ek

1) 3= diamine ©] polyimide F3& A W&
diamine © 258 Fx3 ZxErk fI o] ¢
se,

2) Polyimide 5 A< 9] methylene 7] & &
71EAA 4 astE i) 4t

3) Ether 282 & 4l3le] 3] <HAA 0l
.
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