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8 °F: 3,3,4,4-Benzophenonetetracarboxylic dianhydride(BTDA) ¢} 4, 4'-oxydianiline(4, 4'-ODA),
3,4’-oxydianiline(3,4"-ODA), 4,4'-diaminodiphenyl sulfone(4,4’-DDS0;), 3, 3'-diaminodiphenyl sul-
fone(3,3"-DDSQ.), 2, 2-bis(3-amino-4-hydroxyphenyl)-hexafluoropropane(BIS-AP-AF), 2, 2-bis(3-
amino-4-methylphenyl)-hexafluoropropane (BIS-AT-AF) & o] &3t @43 W& polyamic acid®]
curing 21 @& imided} F=o &3 =, &, polyimided] EHEA L felHolew §& vl
ZA e}, ol W Polyimide(PT) 48 3= dianhydride®} o 2] 7} A] 9} &= diamine§ A 20 A]
21 N, N-dimethyl acetamide(DMAc)oll ¥F-3-A]# polyamic acid(PAA) &%, BE w EUgE of
z2e A ‘37-'“94' PAAE dA @ (curing) 3l B3t FHA dAE ARG, AI7H,2,3,4,5hr),
& 1£(100, 150, 200, 250, 300C = 1 o))k A (F7], AF, d&ML) F9 curing o] o]
v=gtxe A& JETE ZAEG ), curing FA O i o EglrE B &M E F7,
AF, dxre oz A eI, ¥& 2xdAME Z @ g & Aoyt gidct. Curing
Azt @& omEgre W SxdANE F43HA F7HY, & 2T E A4E i Zolglo|
AAF gholl =23ttt Curing 29 §ujo] FRol B2 ZH7re] PAAE M2 4old Rz g
Vel th, Fully imidize® PIo] & A48 ol 2] curing 873 o] 3t} & Zpolglo] ¥ld FF&
Bgon, A0 2=(T)E curing §73 o whet thi o] Xeol& BT, 53] F28vlE AA s
HE 27 PAAQ RS #F3Pon, Pl AMAIY AAGE 83t AFH F7]FA9
2 AAE v w3tgrt. =3 BTDAS zH7] & 3248 713 diamineF ol A &4 8 PI9] struc-
ture-property #7415 =93t

Abstract : Aromatic polyimides formed from 3,3'4,4’-benzophenone tetracarboxylic dianhydride
(BTDA) with 4,4'-oxydianiline(4,4'-ODA), 3,4’-oxydianiline(3,4-ODA), 4,4'-diaminodiphenylsulfone
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(4,4'-DDS0,), 3,3'-diaminodiphenylsulfone(3,3"-DDS0,), 2,2-bis(3-amino-4-hydroxyphenyl) hexafluo-
ropropane(BIS-AP-AF), and 2,2-bis(3-amino-4-methylphenyl) hexafluoropropane(BIS-AT-AT) have
been studied in the degree of imidization due to the curing conditions, in solubilities, viscosities, ther-
mal stabilities and the glass transition temperatures. Synthesis of polyimides was performed by the

first step in preparation of polyamic acid(PAA) solutions, films or powders by the stoichiometric rea-
ction of aromatic dianhydride with various aromatic diamines using N, N-dimethyl acetamide (DMAc)
at room temperature and by the second step in thermal dehydration(curing) of the PAA. The effects
of curing conditions such as curing duration(l, 2, 3, 4, 5hr), temperatures(100, 150, 250, 300C, and

higher temperature if necessary) and environments(air, vacuum and nitrogen) on the degree of imi-

dization were investigated. The degree of imidization was the highest under nitrogen. At low tempe-

rature, the degree of imidization was dramatically increased with curing duration, then leveled off

for longer period of curing while the difference of it was reduced at higher curing temperature. The

solubility of PAA/PI mixed samples varied depending on solvents and curing temperature, while fully

imidized PIs showed poor solubility in most solvents used. The thermal stability, the glass transition

temperature(T,) and the stoichiometric reaction ratio of the various polymides were investigated. In

particular, reaction process between in vacuum and in air for economical purposes and structure-pro-
perty relationships of six different PIs were considerably discussed.
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Fig. 1. Chemical structures used for this study.
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cmiolMe] 7}2HyY  2l1Zu](carbonyl stretching
band), 1,650cm™2] 23} o}nj=(secondary amide)
9] 7l2ry Al&u9l 3x} oju|=(tertiary amide)
T Ft2 B A A carboxylic acid) 9] I oj=7} e}
Ui, 1,540cm'e] 23} opwj=9} N—H 3jo] =, 1,
300cm o A% 23} ojv) =) C—N A&7} vehd
t}, o|& & o|u|=#}(thermal imidization)’A)7) ™A
SR 23 olu & Hlo]AEo] FolEIL, 1,780cm’
1o} heterocyclic ojul=¢] Fl2rd Fo]=e} 720
cmtel 5-membered imide @|o] g A o)
a7 vepdth, Fig. 2(550~1900cm™) & BTDAS}
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Fig. 2. FT-IR spectra of BTDA/3,4’-ODA in the range
of 550~1900cm™. (a) Polyamic acid(PAA) (b) Poly-
imide(fully imidized).
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Fig. 3. FT-IR spectra of BTDA/4,4'-ODA polyimide
carbonyl stretching band in 1680~1800cm™ cured at
various temperatures(1lhr, in air). (a) PAA, (b) 100
€, (¢) 150C, (d) 200C, (e) 300C (fully imidized PI).

22l A167 A3z 1992'd 5¢

')
o)
s

: Zoll A Z}7he) 100% ©]
n=shE Al8E 7]Fo sty 200CHA 2tz e
curing A|7te] FpE ojm =i E vehhdt
Fig. 4= #& 25004 4,4-0DA(a) 7} T,7v 7V
W& 3,4-0DA9] ojn|=3g} Hrrr) Yes B
ZFth, ol #e 2%oA meta-paralthi= para-
parad] TENo|A B4EE Bido] A2 v
B 100% ol =8twrt 21 Alg e Tof #AS
£ 43 vk DDSO,E A3 4% (Fig. 4cs} 4
D= v FFe onedrg &2 F 9l
ch. ODAs} DDSO,7} ¥ Pl 250Col| 4 3413
curing@-& uf 97~98% o]A+¢] olp|eslx & Ple}
Tgoldell A 1~2A13F curing$ PAAE 100% 2] imi-
dizationg K}, E3] BTDA/BIS-AT-AF$}
BTDA/BIS-AP-AF system(T, 7} 2tz} 264, 306
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Fig. 4. Representative degree of imidization of various
PAA systems cured at 200T in air as a function of cu-
ring period. (a) BTDA/4,4-ODA (b) BTDA/34'-
ODA (c¢) BTDA/4,4'-DDS0; (d) BTDA/3,3’-DDSO0,.

253



*

ol
© r -

ol

o

8 20|

s 0 300 320

Curing temperature
Fig. 5. Representative degree of imidization of 6F ba-
sed systems cured at various curing temperature in
vacuum. (a) BTDA/BIS-AT-AF(O ; 250C, A ; 280
¢, [3300C), (b) BTDA/BIS-AP-AF(@ ; 250T,
A 5 300C, B 3200).
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Fig. 6. Representative degree of imidization of BTDAy
3,3'-DDSO0; PI as a function of time at various curing
conditions. Cured in Air at 100T ; O, at 200C ; @,
cured in Vacuum at 100T ; A, at 200T 5 A, cured in
Nitrogen at 100C ; [J, at 200T ; I
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ol A curing®t AL SErt FRho 250Co1
320°C(Tg—‘?—.:_177}7~])°ﬂ/\1 curingA] 71 A|&% swelling
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)M curingA 7] A& CHCLE Al9lataes A
&8 = 8ulo) st} gt STk 6F
7} g9 BIS-AT-AF9} BIS-AP-AF¢] 7% T,
Aol X curing@ AR ST FA Ak
BIS-AT-AF7} NMPo| tis] t}& goject £ &
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9]e) B2 4,4'-0DA9} 3,4'-ODAE AHE-3 4
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ted 2B FAo g Fho] 22 §ujo I
=7} golsle & &3 B Ao Hudrh
3,3 - 4,4'-DDS0,= B9l 2le —S0,717t
AAE 1= 7)2 243k charge transfer comple-
xation(CTC) & ZaAA &3 Ed 9FS FATL
Al €ith, BIS-AT-AF$} BIS-AP-AFS] 739 22
320l tjsf para $1x|¢] —OH7I7} Sle 2ol
—CH;718 ¢t} £& 2348 Byovt o2 ol
o Tot= Aol gleeld Boh Foll & 24 ¥
B g 2 zolth.
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Table 1. Solubility of Polyimides Cured at Various Temperatures and Conditions(I : BTDA/4,4'-ODA, I :
BTDA/3,4'-ODA, I : BTDA/4,4’-DDS0O,, IV : BTDA/3,3'-DDS0,, V : BTDA/BIS-AT-AF, VI : BTDA/BIS-AP-

AF)
Solvent DMAc DMF NMP CHCl;
Temp. Cond. I O WM IV V VI I T M vV V VI I T II IV V VI I I M IV V VI
100 Air S §$ S$§ S S S S S S S S S S S SsSSs s s T 10101011
Vaouim S § S S S § §$ §$ §$ § § §S S S § S s s 1 1 1 1 1 1
Nz $ $ S S S S S S S S S S S S SsSSsS s s I1T 10101011
150T Air Sw I §$ S S SSwI S S S S SwI S S S s 11 1T 111
VacuumSw S S S § S Sw S S § § S Sw S 8§ S § S I 1 I 1 1T 1
N; Sw §$ §$ § § §$Sw S S S S SSswS S S S s 11 1 1 I 1
200C Air I T $ S S SsS 11 S S s S 1T 1SS s Ss 1 11 1 11
Vaouwum I I § S$ § S I 1 § §$ s s 1 1 § S 8§ s 1 1 1 1 I 1
N; I 1T $S S S s 11T S S 5Ss s 11 S S s SsS 1 11T 11 1
250T Air I I Sw S Sw S I I Sw S I S I I Sw S S s I I I I 1 1
Vacuom I I Sw S Sw S I I Sw S I S I I Sw S S S I I I 1 1 1
N, I T Sw S Sw S I I Sw S I 8§ I I SwS s s 1 1 ! 1 11
270C Vacuum I I Sw S I I Sw S 1 I T Sw S 1 1 1 I I I 1 1
300C Air I I Sw I T I I Sw I T I I Sw I 1 1 (1 1 1 1
Vacuum I I Sw I I I I Sw I T I I Sw I 1 1 1 1 1 1 1
N, I T Sw I T I I Sw I I I 1 Sw I 1 1 1 I 1 1 1
320C Vacuum I I Sw I T I I Sw I T I I Sw I 1T 1 1 1 1 1 1

*S ! soluble, Sw : swelling, I : insoluble

Mulliken9] charge transfer complexation o)lg
o A], CTC% electron donoro]A] electron accep-
torZ F-E2A Hxz}o]E(electron transfer) & 4a}=
9l Dine-Hart$} Wright®& polyimide®] £2} Al&
Yol CTC7} A"t &gt &, 5-membered
imide i12]¢} dianhydridex 73+ HAF 484 (ele-
ctron acceptor) £, diamine-& =2} & A (electron
donor) 2 #-g3lad CTCE FAdro FE3sttia
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geiglch P DMAc 849l diamines] & U3
37 23 oh2, dianhydridee] $g W3] F71A)
71H A PAA €99 Y%= E Ubbelohde =AE ©]
£351o] 30CoA 2Tk W8] 73] &5
A4 AQEane 919 o] ©A Bixrol 2
Zol| o3 de FPvg AAFshs ARG ¢ FF
At

Fig. 794 ¥4z ulel o] Zhzhe] diamined}
dianhydride®] o) thal] o] &4 1: 1 FFu| ) of
7t %2 )¢ dianhydride 37} W £& AEE Ho
o] ¥ &S F WhEEo HEAH guZ FUh
Chriskeve] BTDAE A}8-3F ODA2} DDSO, o3l
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AR - Ase-
Ae 1 87} 1,0~1.050]1 24 Aldriche] BTDA
g A2 6Fo) tside FFH|7F 1,12~1,158
=o} Aldriche] BTDA”} Chriskeve] 1A KT &
b3S @ AUk o] BFH 2 ity PAA
gone] Hmx A4RPEE 4,4-0DA7} 10500 cs-
tks/secolx, 4,4-DDS0,¢} 3,3 -DDSO,+= 2Hz}
36cstks/sec®} 49cstks/sec, 1)1 BIS-AP-AF¢}
BIS-AT-AF+= 747} 12cstks/sec$} 14cstks/sec2 =
AEAch o] W Aol HEE vehlie &Hol A
€ ¢ dianhydride®c} %2 4& Youl dxs &
23] pastg el ol %99 dianhydride H7H7}
£2)o] degradation §%4]7]7] jgolch. P 2

FolA PAAS) HETE 24T olfE $E EE
o LhebkRol 100% olu=3te Plo] e §3)
2 2AY —;z—w 57}?;&71 ok,

Viscosity ( arbitray numbers)

1.04 1.08 112 1.16

Stoichiometric ratio

0.98 1 1.2

Fig. 7. Representative Measurements of stoichiomet-
ric ratio due to viscosity change in dianhydride to dia-
mine. (O ; BTDA/44'-ODA, A ; BTDA/44'-DDSO,,

75 BTDA/3,3'-DDSO;, @ : BTDA/BIS-AT-AF, B :
BTDA/BIS-AP-AF.
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PAA M =& AF3ly] $3te] 3097 371F0l
D58 A A4 E PAAG N He g dasiyh ¢
ol 2 DDSO,7} 7% PAAS M7t 74
o} Bajge] taEE @lolgta AR

= ok

TGA % DSCE o] &% dE40 A9 PI A8
= 7t curing@A A 100% o|w]=3) ¥ Fo|tt,
Fig. 82 tjz o = BTDA/4,4'-DDS0,2] TGA A
d 238 =AEedl, curingel] i3k FFo] n|
Asht, ¥uA F& 2xdA FVF] FFolu
Ha7|Ret A wheE AERY B8 ARES
g7 4 okRAe Z7E Bk, TGAE o] &3}
7} Plojl gt 5% A#FHAE vdehls %9 900
CTHA 719" A8 {59 @i go] Table 29

A Giek o) 23 A, Ao} Far)Rd

3 AR

100 +
2 80t
£
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40 . . . . .
200 400 600 800 1000
Temperature(C)

Fig. 8. Representative TGA thermograms of BTDA/4,
4'-DDS0, PI(heating rate 10C/min) cured in Air
(), Vacuum(A), Nitrogen(QO).

Table 2. Thermal Stability of BTDA Based Fully Imidized Pls in Various Curing Environments

System/Condition

5% weight loss temp.

% of residue at 900C

Air Vacuum Nitrogen Air Vacuum Nitrogen

BTDA/4,4-ODA 570 560T 552¢C 413 420 416
BTDA/34'-ODA 447C 407C 407C

BTDA/4,4'-DDSO, 560C 550C 554C 44.2 42.0 45.7
BTDA/3,3'-DDSO, 510 504C 502 43.6 431 419
BTDA/BIS-AT-AF 534C 513C 513C 51.2 54.2 539
BTDA/BIS-AP-AF 518T 512T 515C 47.8 48.3 459
KAPTON-H 588T 615C 56
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Al curingAl7] PI9) & oy Ao] v)&dluy, #v)=
A curing®l PI7} 2Fo)y AL7)FoAe AR
oo BE d WAL Hole AS Aael E
22 Q% Alge] b Folaba Az ek ¥ gl
Ho g,
oriented7}, meta-oriented 2t}+= para-oriented PI
o] FEd AFewrt w4 A2 6F7F g5
" PI7} ~80,—-¢F —0-7} 4% PlRc} v)a A
w& &9 JRES G2 BAHIE B}
U dMEE Bk

Table 3& &7, A7) FoNA curing®
Plo) T, & uehiglon Fig. 94 djEdes

meta ¢ para-oriented 2.t}+= para - para-

3L
AF,

Table 3. Glass Transition Temperatures of Various
Polyimides(heating rate : 20C/min, under N, gas)

BTDA/3,4'-ODA9] curing8tZol] wa T,9] DSC
thermogramo] Bzt TGAN P A HEo] &
ATzt d b BAZ ZHE T,9 FAH2
Fde B 5o T,o PV} 39 d 84S B
Aot T2 M2 O& curing@7gol] W) tha xpo)
& Yeiiou, dwtdos F7FolA curing®
PIo] T2} 312, A2 71§slA w5ola Az
T Rt} 7 Yebstt), Table 2004 ¥ uhs} o

system/condition Air Vacuum  Nitrogen
BTDA/4,4'-ODA 280C 265C 277C
BTDA/3,4'-ODA 254 250C 248T
BTDA/4,4'-DDSO,  328C 321¢C 315C
BTDA/3,3'-DDS0O,  275C 268C 270C
BTDA/BIS-AT-AF 264 262C 263TC
BTDA/BIS-AP-AF  306T 305C 306C

10
(a) %4
’\7.5/_/.//'
E I
3 (b) 250 —
2 5t
B
- 25U’k—*f
0 . N - X
120 160 200 240 280
Temperature(C)

Fig. 9. Representative DSC thermograms of BTDA/
3,4'-0ODA system at various curing conditions(heating
rate 20C/min) (a) Air (b) Vacuum (c) Nitrogen.

Table 4. Structure-Property Relationships in Various Polyimides in This Study(All the PIs are Cured under Va-

cuum Nitrogen)

Properties ¢ ondition  T,(c) o W loss Sy
System Temp(c) ~DMAc _ DMF _ NMP _ CHCk
, v 265 560 I I ! !
BTDA/4,4'-ODA N?;‘;l;:n 277 552 I I I I
' v 250 407 I I I I
BTDA/34'-ODA N?;‘;;?n 248 407 I I I I
v 391 550 S S S I
BTDA/44-DDSO, (""" 315 554 s sw o 1
v 268 504 S S S :
BTDA/3,3'-DDSO; N?tcr l:::n 270 502 S S S I
v 262 513 I I I !
BTDA/BIS-AT-AF N?:rlr;r:n 263 513 I I I I
v 305 512 ! I ! !
BTDA/BIS-AP-AF N?;;‘::n 206 515 I I I I

* Solubility of fully imidized PI(cured at temperature higher than its T, for 2hr)(S : soluble, Sw : swelling, 1

.. insoluble)

&2|0f A16d A3Z 19923 5¥
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AAE 1nE 71 28314 charge transfer com-
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