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Improved Adhesion Properties of Polyimide via Isoimide Isomerization
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oA 1,8-diazabicyclo[5.4.0] undec-7-ene (DBU)eI| 2J3] wlE o]Ads}
(ODPA)®} 2,2-bis(4-aminophenyl)hexafluoropropane(6FpDA)Z

S et B A7E 2 o]holn|=e] F12
Ao F AR AT 84 ol &=
5} Wkg-o] &Y= AT}, 4,4-Oxydiphthalic anhydride
e Eejolaelm = frEfdolex T,(135 C)ol

Aol A Zjolu|eg ASEATL 5 wi% DBU AREO 2 105Ul 90% o] A38-S BTt Kapton(Pl), &F
UlE (A, Frel 718 ARSE T AgtelA Eejolaolv|=E BRIN R AREslaL A oldskE sislS o, PIPISH
Pl/glasse= 1.3 MPaZ PVALZ 0.3 MPaollA] 2417 fA| == e HJAES Btk

Abstract: The properties of polyisoimide as a heat-resistant thin-film binder were investigated. The high temperature
isomerization of phthalic isoimide, as a model study, was analyzed under various temperatures and catalyst conditions
using 'H NMR and IR spectroscopy. Rapid isomerization was induced by 1,8-diazabicyclo[5.4.0] undec-7-ene (DBU) at
temperature above the melting point. Polyisoimide synthesized from 4,4"-oxydiphthalic anhydride and 2,2-bis(4-amino-
phenyl)hexafluoropropane was converted into polyimide above glass transition temperature 7, (135 'C). The addition of
5 wt% DBU enabled over 90% conversion within 10 minutes. In multi-layer bonding using Kapton (PI), aluminum (Al),
and glass substrates, the application of polyisoimide as a binder followed by thermal isomerization significantly enhanced
adhesion, achieving adhesive strengths of 1.3 MPa for PI/PI and Pl/glass, and 0.3 MPa for PI/Al for 2 h.

Keywords: polyisoimide, film binder, polyimide, adhesion, thermal isomerization.
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Alef A sistE B4 AJ9F 4.4'-Oxydiphthalic anhydride
(ODPA, TCIy= P,0s= 2] HA|sle] AR-SHAAL 2,2-Bis(4-
aminophenyl)hexafluoropropane(6FpDA, TCI)S 130 C 714
AZxste] ALE-3FA T 4-Aminobenzonitrile(98%, Aldrich),
phthalic anhydride(99%, Aldrich), 1,3-dicyclohexyl carbodiimide
(99%, Aldrichy= “dA|glo] AME-8I9 AL tetrahydrofuran(THF)2}H
N,N-dimethylacetamide(DMAc)= 71Z% 4A molecular sieve
2 2447k A 2lste] ARSIt S E =29 shehx S
212 VARIAN(USA)S] 400 MHz NMRS- AM&-&o] 225}
.01, DMSO-dy(99.8%D, ARMAR AG)Z &1l 7 Wi 7]
F =42 A3k Dupont™ Kapton HN(0.075 mm
thick)} ¥=0]5 A|E(0.10 mm thicknessy= GoodFellow #|
FE 1x5 cmZ Hslal oK EL R A3k AT
F A= Phoenix 300(SEO, Korea)® =2 =735} T},

ZER O|20|0|E(A)R} ZEHY O|O|E(B) &Y. Z84F 7
TE(1.48 g, 10 mmol)3} 4-aminobenzonitrile2 50 mL &
Zet3o] Y "A ZAA 4 THF (10mL)E ¥
Q1 - Aol 247F el vk Eftes B &
W72 FFIAth A8E T4t opato|= A E 71EH
tellg ofe| 2] o 30 Wik $ iz} EEJakal 60 CellA
F Azsp] A ZEA) ofnjol=E AQJTE 'H NMR(400
MHz, DMSO-dy): ¢ 13.15(br,1H), 10.79 (s, 1H), 7.92(d, 1H),
7.83(dd, 4H), 7.69(t, 1H), 7.61(t, 1H), 7.58(d, 1H). IR(cm™):
3294(CO,H, CONH), 2221(CN), 1702(m), 1659(m), 1645(m).

A 27 ZE4E ofule] = (1.1 g, 5.0 mmol)E THF
(10 mL)°ll =<1 ¥ 1,3-Dicyclohexyl carbodiimide(1.1 g, 5.5
mmol)E =<1 THF(5 mL) &85 23] HA7letint. 4=
oA 2 AIZE Rt & A JAE ofFstal el 3 S
712 FE3to] ZEAF o] &o]u|=(A) (mp 143-180 T)E
Stk 'H NMR#00 MHz, DMSO-dg): 6 8.03(d, 2H), 8.01(m,
2H), 7.94(m, 2H), 7.72(d, 2H). TR(cm™): 2220(CN), 1778(w),
1737(m) 1714(s).

ZERAE ofrte] (11 g)& DMAc(10 mL)of =<1 &-2f°]
sulfamic acid(80 mg)S ¥ 150 CollA 1A17F 7L 519
1R E5HEO] /(100 mL)2 ¥ o|olHZ2 A ES
FEAE &S T ek olA AAH [l 2t

e Eefol|se) ot 42 54 555

olm=(B) (mp 187 C)Z 90%(0.90 g) == T8I} 'H
NMR(400 MHz, DMSO-dg):  8.03(m, 4H), 7.93(m, 2H), 7.71
(d, 2H). TR(em™): 2330(CN), 1785(w), 1760(w) 1741(w), 1707(s).

Ed|o|a0[oj= PRt E2/oj0|=(Pl) &M, A4 27004
ODPA(0.93 g)} 6FpDA(1.00 gy 7 DMAc(10 mL)°ll &
3L geeA 1 AIZE kel A EAS SR vieE
TN (73, vvell FHA7]AL #elste 110 T 7g A=
3lod poly(amic acid)S 75% F&= AU

Poly(amic acid) (1.3 g)< 7 THF(10 mL)°l| €3] s50]5L
triethylamine(1.3 mL, 9.6 mmol)E 237 ‘gl trifluoroacetic
anhydride(0.67 mL, 4.8 mmol)Z 3] H7|sI3ch AkLollx
4 A7 Wk & RBu2 Hulo g FEA7] fS o)A
HE(100 mLpll ¥ 2EAks 7 Eelsideh A4S 60 T
2F AZ3k 1.1g2] polyisoimide(PIE 2 A THM, = 12050,
M,=18685). '"H NMR(400 MHz, DMSO-d;): ¢ 8.21-7.90(m,
2H), 8.03-7.45(m, 8H), 7.45-721(m, 4H). IR(cm™): 1807(w),
1776(w), 1720(s).

ODPA2} 6FpDA 25 A% poly(amic acidys ZFsH=
DMAc £9°] m-xylene(20 mL)E % 7}5}3L Dean-Stark &
#HS AHEEIA 150 TollA 12417 wubslith S/F2 m-
xyleneS A|AgH 84S o] Az ZyRgof X3} polyimide
(PN E-2)3FTH M, =12470, M, =18884). 'H NMR(400 MHz,
DMSO-dg): & 8.11(d, 2H), 7.75-7.62(m, 8H), 7.62-7.52 (m, 4H).
IR(ecm™): 1776(w), 1720(s).

AMENZE 2 MEE &3, FHdE PH0.50 gy THFO9.5 g)
o = 5%-PIl &4-& AZ3Th. Al¥Ek= Kapton (75 pm
thickness, Dupont™) A|EZ A2} A]H(1x5 cm)l] 8942
T3 50 CollA] 104 AZ3IATE BlEZE (no. 75)5 AR
slo] AxE vRIE FAE 75-100 pmE ZA3ISth o] Al
3} 2 Kapton AlES A 1 om? FHOE F A|HS
AFstAnh 5.0kge] FE AREsle] A% AlHS T2 Y
BAIZE (103 ~2717h) ShEelo| ER IA 2]t o=
213 AlHe] g I A 2ol IPAT)AL 180 ke R
15 718l AR AT JHARS stk 4 oA &
A7} FeYE= AIZHS CCD w3812 #=3199aL 57) Al
o] W+t A= AREE) FEREHES Hrlsisith
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0|40|0|E 0|M3} HES. o]Aoln| = 720N 2331
doA om=g AZE = EAE Ao 7hdslar AolA
w29} Bao] 7hsdk oFYs 2R dEA Uk’ oegh
23S golof|x] Za AL 8§ JE= 100 T o] de] 22
Z710x X318] dofdtt. HMAA X|$A|e] ER| =2 A=
LA, 7Rkl owl 4719} 7k Fafjol] o5l FX1E= A
o2 IR ok Zeik FE5} 4-aminobenzonitrile®]
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HkS-0 g SERAl ojmlo] =2 A7 1 3-dicyclohexyl carbodiimide
(DCCyIl ok 78]3} HEg-0 2 o]ou|=(A)E 3Tt =
b opulo] =2 sulfamic acid F0 SRSl 7Hgate] 2R
oM EB)E TSN vl EAE ARSI o3 WS
et A8l i HA71EH E('H NMR) 242 33
t}. 0]40]|H|=(A)E deuterated dimethyl sulfoxide(DMSO-dg)
of o] 150 T A3kt 90% Wkgo o]io|n == oF
10% A$He-S Hole =7 B0 2 AL 2 A+de &
T Aot PIo] AR A 2o i WHEAL BY AFR
A2 AF 23A] CNo| =4E o]Aon =S ARSI, o]#
St o|f-2 o ds) wke- 57t A AU oS vkg- &
ull 1,8-diazabicyclo[5.4.0] undec-7-ene(DBU)E 5% 3 7}3h<
g W3l FASIATE Figure 19 o]aou|= Ag) o|n|=
B 750014 7.7 ppm 234]2] Ak vE)e] 24 B9} H,0| )
2 HalE FaAst A3t F44150] HE Fro] A7k uje) w
2A 7AEa Ak 150 T 2404 10 2ol 62%2] A8k
£ B, 90 Foll= 82%=E o|r|= HFho] Y=t
AZrell W} A S71sRE 6.5-7.5 ppm G2 FAE A2
7hrEs] FAREel ekt ofnto] =9} 4-aminobenzonitriled]]
ot Ao g oA Gt o3k Aol E-FgA el dES
o ot
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Figure 1. '"H NMR spectra of phthalic isoimide: (a) and thermal
conversion to phthalic imide; (b) with 5 wt% DBU in DMSO-dg.
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Figure 2. IR absorption spectra of phthalic isoimide: (a) and ther-
mal conversion to phthalic imide; (b) in the presence of DBU.
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Pll 0|M3} HI. &al57do] 93k PI vRRITIS 7)s}7]
98l T2 Z oxydiphthalic anhydride (ODPA)9} 2,2-bis(4-
aminophenyl) hexafluoropropane (6FpDAYE AFE-313 1L, o| 25
B A4 E poly(amic acid) (PAA)] DCCE H 718l L2)3} vt
S ek 2y ARk EelagolA falok
W FAREE Q1% A1) ofef ol ATk o] i
Al2FO 2 trifluoroacetic anhydride$} triethylamineS AF&-3}
o] PIIE TA5HL H2]8lth PAAS DMAc/m-xylene &
e R SRl B8 Ak WHOE PIE s
Al 2 ARSSIIT) 7 S SREANPL Plly= 55 CHCL,
THE, DMSO, DMAc 5°] 7187l ¥ &3l 545 H3l
3 g3E gl A ot A we] WRHoR FAE
stith. PIIE A-ARvtEely] 2408 s 2AR
(12050 Da)} Z48+F wA12H(18685 Days AAsIA 714
FAE olm|= PIo| EAFH FALe AFE RIS 2
Lol mE o3t ATE $J8l IEARE DMSO-dell =] A
B3I 7S G4 IR EEE(H NMR) 418 Zle)s}
Atk 150 Tollx] 1 A1+ 71 S PlIO| 2 ERE 71D A5

et sl gl eyt 5 wi% DBUE 28-S Pl 892
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Figure 3. 'H NMR spectra of polyisoimide and thermal conversion
to the corresponding polyimide with 5 wt% DBU in DMSO-ds.

150 CollA 10%2] EXE|= o]} ukgo] 23] 2]
t}. Figure 304 P9} PI 7-50lA Z4ze] 24~ H,, Hy
338} Whg- A5 slstols ghol] vlzdl] S5 A Fh vlae
71F0 2 ARSI PI 30 Ne| wlekgkao) A &
4 Hi 7.25-7.50 ppmel] AZERALL o3t REGC = 7.50
ppm o2 o|Fslr| wiitel| H, A 7k AAaEFE ASs
< AR 4 Slok PlIel €A ¥ 7.30 ppm A olA
ZE e ofet 4 Fre 27] AE e 10% olskE ALt
F3 PN = HEE]E Zlo 2 A} wek 7320 7149l A
o7 et 6079 7HEolE WskERA] il ol mivk
S olxom=E flE AoR Al dxHoR o4
ojm=2] o]A3h= 90% o4 & =AU}

PIIE %2 THF £ (5% A3l &gfol= JEfo) v}
g Pkl X & Foll AEE A SR
212 319t} P2 o)Aoln|= B4 S5 1807 cm'ol] LHE}
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Figure 4. IR absorption spectra of polyisoimide and thermal con-
version to the corresponding polyimide with 5 wt% DBU.

8719 S5u7t hAd] AL A5 1AZE GARlelA] S
7} APt o2 o) dshikgo] v mEA gEE Fo=
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2 Aoz} #2e AAH PlIME T, ool 2ol w
27| o]gsRkgo] XY= S 202 AAXI AAFAFE
FAZ 2743 P9 FEldol2E 135 CE 4= AU
Pl HIQIC{e| &2 §M. Pl 84(5% THF)S BRIE &
A2 A& Pl KaptonR(75 um) A ES ATAZHS o
0.1 MPa ©J3lollA] {4 A2]=|3ltt. Polysilicon oxide’t =9
H PIE AMEE o HAEALS o /AE L 0.1 MPas
FAT AETE? 3 PIIS vRRIG & ARREINS o) 3
25242 #A18] SV Figure 59F 72¢] PIIE HRIH =
HEEE A S I 250k X s 3 A3 A HJ2AIE
(lap shear strength test)S X133t T} 180 = HFe] gof
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2|3 Pl 0.1 MPaE Y AH=9] oFst H2ee Hel
HhA PIIO] 7% 100 C EAZE 03 MPaS Aue &2 &
3 BATE 150 T oPde] &= 27 = 1
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Figure 5. Al/PI film specimen bound by polyisoimide binder.
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Table 1. Adhesive Strength of Polyisoimide Binder between the
PI/PI Films Baked at Different Temperatures

Shear strength (MPa)

Curing condition

0.3 0.5 1.0 1.3 1.5
80 °C (2h) +
100 °C (2h) T T+ +
150 °C (2h) - FH+ N
250 °C (2h) A+ - N
150°C (10 min) | N NIRIFE I ——

+ 5 wt% DBU
Endurance time notation @25 °C: +++(8h), ++(0.5h), +(<I min)

Table 2. Adhesive Strength of Polyisoimide Binder between Several
Substrates

Shear strength (MPa)

Substrate

0.1 0.3 0.5 1.0 1.3
AVAI ?:)T -+ +
Glass/Glass +++ +++ +++ (iii) z;;
o
Glass/PI -+ - +++ (:[ii) JEI;F
PI/PI +++ +++ +++ (::i) TJSF

Endurance time notation @25 °C: +++(8h), ++(0.5h), +(<Imin) (All
data represent the average of five specimens)

'Parenthesis contains data measured in the absence of DBU

*PI indicates KaptonTM (75 um) film
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%—‘#OW 10% PIRke] om= AFhS B ojzjgh vhe 7l
ghll = HAEALL TA s 2ot el =9 w
% A Sk AEARY] fElde] 25(135 C) o) dellA
Z A8E Ao AztEln R AREe] fsAd Pl w
WSS 7R oldlEtt. oju| = 3kl ut At
| S71== A= Pl @40] HEHE wislol] & 7|9& & A
o=z et
o]Zolm =9 WE Mol & 9]l o]/ds)l E1 DBUE X
7Vt 103-2] &2 G2 270A ZA3E Pl ek
1.3 MPaol| 4] 8/\]7P ot z,jzw A8} 1.5 MPaollA] 30
B 23S AT RG-S 24014 90% ©1de] ojn=
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A AR Kapton 252> GA A2l= A weha Pl o]
33t oA A AR 5 A E FEE el
A 71998198 oz dAetE) Plo] 1 FaEe o
z70) wet 2 o7t Y3 B Aol 0.5 MPas] A%
il Kagk AaE ARSI
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AIPVADCIIA] olH| = H3hgol me J2he P 034)5
MPaolA] #2E Tt Setol= Fepns A HAEe
MPacllA] 8A17F QPGSIAAL ofm|= el mhE HA=E2 | 3
MPaol| M= 308 59 A=A Glass/Pl 2] 74 9]
= A8S Zal {2 okgAdo] 1.0 MPaollA] 1.3 MPaS.&
7Vl 8AIZE o) A EE st A 5498 HAth

PII9] ©]4d3} WHg<4 = DBU ARS-&ol| HIFHBIA| W b
DBUE H2E ) HAS §28 7hsido] Slof A7 Azt

3} A Alole] HHsl} B astl,

O
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o] . AL, A gl PIZE PI
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