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Development for practical use of thermosetting resin benzoxazine
Kazuki Yoshino', Hirofumi Nishida® and Keiji Watanabe'

'"Nagase ChemteX Corporation 235 Tatsunocho-nakai, Tatsuno, hyogo, 679-4126, Japan
’Kanazawa Institute of Technology 2-2 Yatsukaho, Hakusan, Ishikawa, 924-0838, Japan

A novel benzoxazine derivative having one benzoxazine ring in the molecule was designed as the
next generation resin for insulating encapsulation of electrical components.

This resin had a low viscosity at room temperature, which permits high filler loading. Introduction
of both an electron-donating substituent to the aromatic ring and a nucleophilic substituent to the
heterocyclic nitrogen atom greatly improved the intrinsically dull reactivity of benzoxazine. Assisted
by optimization of curing catalysts, the curing temperature of benzoxazine was finally lowered from
230 to 154 °C sufficiently acceptable in the field of electrical component encapsulation. Moreover,
foaming during curing due to vaporization of low molecules generated by side reaction was
successfully suppressed by the introduction of polymerizable group.

In this paper, the cured resin was also characterized.
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Table 1 List of various benzoxazine derivatives

Molecular Viscosity
Name Structure Appearance
weight (mPa-s)
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Figure 1 Relationship between molecular weight of

Benzoxazine derivatives and volatility
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Table 3 Relationship between bulkiness of substituent and curing start temperature

Exothermic peak
Name Structure .
temperature  ("C)
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Figure 2 polymerization mechanism of benzoxazine
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Figure 3 Stabilization of iminium due to adjacent group involvement
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Table 4 Relationship between structure of substituent R? and curing start temperature

Name Structure Exothermic peak temp(°C)
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Figure 4 Comparison of contribution to stabilization of carbocation
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Table 5 Effect of electron donating or attracting effect of substituent R! on curing start temperature

Electron effect Exothermic peak
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of R! temperature("C)
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Figure 5 Action mechanism of acid catalyst
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Figure 6 Relationship between p K of acid catalyst and
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Table 6 Relationship between pKu of acid catalyst and curing start temperature of Benzoxazine derivatives

Exothermic peak

Catalyst Structure K, temperature
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on the curing of benzoxazine
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Table 7 Effect of acid catalyst structure on the curing of benzoxazine

Exothermic peak

Catalyst Structure n pK,
temperature (°C)
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Table 8 Relationship between polymerizable side chains and foaming

Foaming during Appearance before
Sample name Structure ) .
curing curing
=Y £
I ‘
Pd type Cr\w‘ : T l/%’] Not occur Yellow solid
/*\O/] X\Ox P
O
BZ-13 ©/\)J\/\ Occur Yellow liquid
™
BZ-16 @/N\Polymarizable Not occur Pale yellow liquid
group

9 ISR O

Table 9 Properties of resin compositions

EHE BB = RE BT AR IR

Gy (2L 5h) CET#ABAZE &)
WE {b /11 D ft g k5 B
é;;;%?l(nﬂiizflhg:z 650 5760 560
AT AEEEIRE (°C) 136 197 230
FUBZREREL (ppm/C) 63 55 43
i IRE (MPa) 140 75 166
Hl PSR (MPa) 3200 3300 4853
T OT 2 (%) 5.6 2.8 3.2
7B F@IMHz 3.4 3.419 3.467
% & E#@IMHz 1.48 2.28 1.736
{SFERPIER (Q-om) 4.6x10' 1.8X10" 9.3 10"
Tl (kV/mm) 18.4 18.7 21.2
BB (UL3.2mm) oI o™ B (V-0FE2Y) ™

*1 fE{LSE ¢ 120°C/2h+150°C/2h+180°C/2h+200°C/2h
*2 FE(LSRf - 120°C/1h+200°C/4h

*3 FEAL 4tk 140°C4h+180°C/2h+220°C/2h

U BT 4T = T8%EL A
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4. #&E

KREEA, BT 2B IEamOE T A%
I FTRE 7R R B~ D ERITHIE T 5 728D, HRIK
TRF VIR A LV bRt TH Y Zh LA
JE DRI T 473 2 Bl 2t e B OB 76 25K
Irlz, ARFZETIE, FEIR CICHE IR 2 R iR D
BIZEE VD BREEIZI T, 1 S FHic_y Y At
DUBE | ATV AV R R R
L, fix OFRBEZEATLHIEICLY, WL
BABIREE DRI, FEFEPEOMRL. S ST B O
HIDOFHIE~ORR AT LT, 7o, e Ofigi
DAL HERE & 1 LBRAGIREE DIRBEN R & DBIRIZS
WTHRR LT, TORER. BLTOMREGT,

1) NV ARG OUFEEOSSF B 210 LLEIZ
T 5L, HRMEATROBEKY (HN5500) &I[F
FELAYUTHIFITE D,

2) BRI EE A EBIARED B L, I
B REROGE, FEREREOBTHEEN S
0. BNVRAFT AL ~DOREM (7= &)
LT 009 < 7 BT O EBRARIREEAMER T LTz,

3) BEEROBSIZ LY A I =0 LAHRIENEZEL
T o856, EEBAIREDME T L7,

4) AT pK, 23/ NS\ NE LB AGIR RIS
FIIREVDR, BFEREETL2H5E1E. NV 4*x
POV OEERE - e FHAERT 2720, Tl
ZHERNHEIR XAV D T &Moo, FrITH b AL
BEDNE Do T2 U FAEECIX, KR L IR F Y
VRN F XY D UBRONT v 7T L KERE
TEDHMEBMRICH Y, 7o hDOZIFELRFEIZ
sz B L BND,

5) XUV F XYV DU T, KR
TEATHEHEL A I VERCGEATS T LT,
RHIETRIBAIET S Z ENTET,

6) AMFFETHIRICEFE L=~y A4 #ilE
(X, BTN T & ek U 7o i b A e
LTCWB I ERNgholz,

&3k

3)  A. Takahashi: Transactions of The Japan Institute
of Electronics Packaging, 16 (2013) 359

4) R. Kudih, A. Sudoh, T. Endo: Macromolecules,
43 (2010) 1185

5) A. Sudo, R. Kudoh, T. Endo: J. Polym. Sci. Part
A: polym. Chem, 49 (2011) 1724

6) S. Miura, N. Kano: Jpn Kokai Tokkyo Koho
2000-178332A2 (2000)

7) S. Miura, N. Kano: Jpn Kokai Tokkyo Koho
2001-21397A2 (2001)

8) H. Kimura, A. Matsumoto, K. Ohtsuka: J. Appl.
Polym. Sci, 109 (2008) 1248

9) Y. X. Wang, H. Ishida: Polymer, 40 (1999) 4563

10) A. Sudo, S. Hirayama, T. Endo: J. Polym. Sci.
Part A: polym. Chem, 48 (2010) 479

(20204E6 A 11 A =#)

EARRE

1) T. Takeichi: Journal of network polymer, Japan,
27 (2006) 232
2) H.Ishida, D. J. Allen: Polymer, 37 (1996) 4487

FEH—H

20144F i ST KRR - MRS
MR E R HRE LR E T, [
EFHET LT v 7 ZARAEHITA
i, EMBIFEICIEE, HIBEIESH
FHEERRR S BB SEE

FEH#83

198947 Jff 6 T3 K5 K 5:Be - S AL
o ELET, RERBET AW E
FHEHT BT v 7 AM) Atk 2006
SR SE R R - R - 1
i EET, 0166ET H s LT v 7 A
M BME, FESRTERFEFESHEIIERIE > 7 —
WIER & LTOIE, BEICES,

EIDFEE]

19964F I |11 KR35 T WF SERPRS
BT L RIS L RIE T,
1974 F H e o 5T v 7 AR
A, AR X IR OB A -
TR - BRI OBIFICHER





