Az g A4,
=4 (original article)
A1 ARE(A1E), 2000

Phosphine oxide®} £4% fahe Eelolv| =2
HAA AT
IR N E S R S

Adhesive Property of Novel Polyimides Containing
Fluorine and Phosphine Oxide
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Phosphine oxide®t 4% gt @@ (bis(3-aminophenyl) 3,5-bis (trifluoromethyl)
phenyl phosphine oxide (mDABFPPO))& Grignard W&ol 2jste] g th, ©|& PMDA,
6FDA. BTDA % ODPAS 37 Eelojn|= Ao AHgal. &ejolvi=e Zajoful 4k §HA
3 F o2 olu=gAl7|E WS AHgslslen], FT-IR, NMR, DSC % =347 & ol 839 ¥
Maqch, E@ T-peel ABez AFAPEE F39th. Phosphine oxide® #3te bis(3~
aminophenyl) phenyl phosphine oxide (mDAPPO) % ‘482 3 3 -diamino diphenyl
sulfone (mDDS) =58 4€ 3‘*‘?-10 1ol =9} vl malsich & Oﬂ?-d]*‘] 49 mDA6FPPOE AHg
sla] W0l FejojujEE ¥ T, $5% $d= ¥ AAAH S HAn.

ABSTRACT

A novel diamine monomer, containing fluorine and phosphine oxide, bis(3-aminophenyl) 3,5-
bis(trifluoromethyl) phenyl phosphine oxide (mDA6FPPO), was prepared via Grignard
reaction, and utilized to prepare polyimides with dianhydrides such as PMDA, 6FDA, BTDA or
ODPA, by the conventional two-step route; preparation of poly(amic acid), followed by solution
imidization. The polyimides were characterized by FT-IR, NMR, DSC and DMA, with intrinsic
viscosity, and adhesive properties were also evaluated. A phosphine oxide containing monomer,
bis(3-aminophenyl) phenyl phosphine oxide (mDAPPO) and a commercial 3,3" -diamino
diphenyl sulfone (mDDS) were also used for comparison. The polyimides with mDA6FPPO
exhibited high T,, excellent solubility, and good adhesive properties.
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Figure 1. Synthesis of polyimide via two step
route.
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olul=+ 1,782 ¢cm'(C=0 asymmetric
stretching), 1,726 c¢cm'(C=0 symmetric
stretching), 715 em '(C=0O banding)°lA 7}
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Figure 2. FT-IR of polyimide with BTDA and
mDAG6FPPO.
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Figure 3. NMR of polyimide with BTDA and
mDAG6FPPO.
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olvle=zt $4dE A

ppmollA Bk (Figure 3). W&kAl phosphine o7 ghed
Table 1. Solubility of polyimides
NMP DMAc TCE CHCls THF Toluene  Acetone
6FDA S S S S S | S
BTDA S S S S P 5 |
mRABTERD.  onpa s S S S s p I
PMDA S S S S P | |
6FDA S S 3 5 S [ o
BTDA S S S S | S [
DAPPO
R ODPA s S S s P | I
PMDA S S ] 32 | | [
6FDA S S P P | | I
BTDA S S I | [ I I
HHhs ODPA S S I I [ I I
PMDA 1 I I I [ I ) I

* at R.T. for 24 hours
* 8 : Soluble, P @ Partially soluble, I : Insoluble
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Table 2. Characteristics of polyimides

29T HIE - FHE

A3 g A 1(1) 2000

() : di;_(.c ¢) Ta(C) Residue(wt%),

(dl/g) DSt DMA in Air in N in Air in Ny
ODPA 0.22 228 236 533 546 10 55
5 BTDA 0.28 243 263 530 532 3 58
Ll L B6FDA 0.24 247 257 517 521 3 50
PMDA 0.20 281 292 522 530 H 53
ODPA 0.27 261 263 526 532 13 56
BTDA 0.30 273 285 506 510 23 60
mRAFEO. 6FDA 0.29 271 280 524 527 7 60

PMDA 0.20 331 340 479 479 50 67

. ODPA 0.23 250 258 557 557 0 57
mDDS BTDA 0.26 266 275 548 551 0 59
6FDA 0.24 268 281 532 536 0 59

a At 25°C in NMP, b : Second heat at 10°C/min in N3, ¢ ! 5°C/min, resonance mode,

d : By TGA, 5 wt% loss, e : By TGA at 800°C

s

3.2 E2lojo|=9] Bl % HT

Py

4% phosphine oxide 2 248 T#3l=
Zgolul=x NMP, DMAc #¥¢o] ofye}
TCE., CHCl;, THF, &%F< 123 of4 &l
T 3 83l=E E4ok(Table 1). sbAwt
phosphine oxide%t& sl aFA = 5-H
FAE Zglojvj=x THF, E374d 2 opxEd
e &dlEA &t spARE dukAl Fejoln]
cRoE $4E 4EE By oY¥ 4
& B3l @FAl7 7HAl = phosphine oxide
94 B4 wfes Algsw, 53] phosphine
oxide®| P=O+ &vjs} 3t £A42E S dA4 st
7] Wi 83 =g FIA T AR dejA|a
gk B dFdM gAY BE Fglov|=rt
NMPol| 53 83l=g Ho|7] wie] #Fz|o]
n=o nHAHAEE NMPE o|&dlo 25°CellA
23359t mDAGFPPOE A4 Ee]oln=
o FAHEE 0.20004 0.28 dl/ge2 ¥ #
< Jepiled, =3 mDAPPO ¥ mDDSZ
BE §A4E Eolvj=x 0.20-0.30 2 0.23-
0.26 dl/g 3= HFEE Bt oehA
22 &9 20,000 g/mole] EAFE 4L
Aoz BdEHTable 2).

3.3 E2lojo|=2| €5

mDABFPPO-PMDA Z5E 4" Zelojn=
e 281°CY T, Bglen, 1 tgeg AUTC
(mDA6FPPO-6FDA), 243°C(mDA6FPPO-
BTDA) 2 228° C(mDAGFPPO-ODPA)E R
tHTable 2). DMAZ 3% T.& DSCz =
e THO oi 22 #E 2oy, Hx@
78S 29t 6FDA-mDAPPO £&|o|u
Ty7} 271°CE 6FDA-mDABFPPO &&jo
9] 247°CRY} i & e BAEd,
mDAGFPPOS] #42 918 £ A55 o
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Figure 4. TGA of BTDA based polyimides.
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Figure 5. Effect of bonding temperature and time on the peel test strength of BTDA-mDDS

polyimides.

qe Bgon mDAGFPPOEYH 449 &
Zlojn|=e] dskiAl S mDAPPOZYH F4€
Zglojn|ERThE RYAY mDDSEYH A
® Zgo|r| =R —?—4‘—5}9&4(Figure 4). o}
A olE Fgjoju|=9 L3 P L BF
Aol E3E P=0 uﬂl—;sh gk, ®

3.4 B2lojn|=g| FaSY

Zgloln|=9] H&He T-peelrd(ASTM D-
1876-95) 2.2 =351, T-peel AIg AlH
B2 FAE 0.02+0.002 mmE ZH3}5i
BTDA-mDDS Zeloju| =8 Al&ate] A 53
A2 zAe 10.3 MPadlA T#H0°C R 20213
om(Figure 5), o|& AL thg Zelojn=9]
7@’-‘}‘4 18l AHEEATE. oFEAE FEREA ¢

& FEzd e AEsld EFE HAHAA
BFDA—mDABFPPO Zglo|u]=(66 g/mm)E
6FDA-mDDS 20| =(29 g/mm)] H]&}o]
o HFAE S HAT 6FDA-mDAPPO &
oM =(67 g/mm)eE HI=T HAHE HYd
(Figure 6). 8213 Cr/dgo] I®E Fe]3U&
AFEE A EE Agda s 6FDA-mDAPPO ¥
olu) =(115 g/mm)7} 6FDA-mDABFPPO #z]°]
0] =(96 g/mm) BT} i ¥ HFAH S Byon,
3 6FDA-mDDS Z#]o]n]|=(76 g/mm)e} ¥l
&lo] o} =& FHa 2 Btk (Figure 6).
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Foz wodct o3 ZAze dAadd A
o]2 8t mDA6FPPO W9 E4d g 334
Aste 28 2R ¥t AN 2R A g2
FHEds AEF AFY AgAAME
mDAPPO-6FDA 2 mDA6FPPO-6FDA +
golnje BE H|&3 HAFE Bed oe
Tl zdo] REHA| %ol FHFHo] AR
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Figure 6. Adhesive properties of mDA6FPPO-
BTDA polyimides.
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E™ Bomatamms BTDA % ODPAZ Ab&-@ Eejo|n|=e| 7jate
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Figure 7. Comparison of peel strength from
DAG6FPPO-based polyimides.

X 2,500
(c) 6FDA-mDABFPPO (d) 6FDA-mDAPPO
Figure 8. Failure surface of T-peel test sample with Cr/silane coated Cu foil.
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AHe HEEWS SEMoz A3 A3
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A 6FDA-DAGFPPO 2 6FDA-DAPPO #¢
olm| =7}t ARE-E Al H]sle] B A el A
H%o] ol gl HAAZL AUt EF Fo}
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