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Fig. 1  Typical synthetic route of bi-functional benzoxazines derived from bis-phenols and diamines.
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Crosslinked BXZ Structure

Fig.2  Ring opening reaction and typical closslinked structure of BXZ.
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Structures and Thermal Properties of Bi-functional Benzoxazines, Nobuyuki Furukawa (Sasebo National
College of Technology), Atsushi Saito, Tomomi Fukunaga (Nippon Steel Chemical Co. Ltd.) and
Tsutomu Takeichi (Toyohashi University of Technology)
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Tab. 1 Exothermic Reaction temperature of various BXZ from bis-phenols.
No. Spacer (X) Exothermic Temp. 1 (°C) Classification 2
\ -C(CH,),- 239 A
2 -CH,- 245 A
3 — 240 C
4 -0O- 205 A
9 -S- 221 A
6 -S0,- 201 A
7 -C(CF,), 218 C
8 -CO- 206 C
9 -C(CH,)C H,)- 234 A
10 -C(CH,)C,H,)- 227 A
11 -CH (i-C.H,) - 226 A
12 cD®» 225 A

1) Exothermic peak temperature on BXZ hardening results of DSC.
2) Classification of BXZ before hardening (A; amorphous, C: crystalline)
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Fig. 3

BXZ at elevating temperature ((a) X= -C(CH;),-. (b) X= —).
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Tab.2  Thermal decomposition temperature and residual weight of BXZ
cured at 200°C.
No. BXZ Resin(X) T, (C) v RW,oss (W%) 2 RWig, (wWi%) »
1 -C(CH,),- E95) 39.2 34.0
2 -CH,- 324 568 303
3 - 351 744 645
4 -O- 390 76 4 646
N -S- 328 68 8 393
6 -S0O,- 370 6206 347
7 -C(CF,),- 388 794 029
¥ -CO- 355 80 3 711
9 -C(CH,)C,H,)- 326 36.1 329
10 -C(CH,XCH,)- 315 415 357
1 -CH@-C,H,) 378 447 39.9
12 CcD % 353 381 351
1) 5% weight loss temperature. 2) 4) O\
Residual weight at 500°C. W />
3) Residual weight at 700C. %
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Fig. 4 Thermogravimetric analysis of BXZ cured at 200°C for 2h

(a) X = -C(CH,). (b) X = -CH,-. () X =

-C(CH,)(CgHy)-, (d) X =-S0,-.
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Tab. 3 Glass transition temperature and coefficient of thermal expansion
of BXZ cured at 200°C
—~  1E+09
No. BXZ Resin(X) T, D () T2 (0 a ¥ (ppm/C) £
1723
1 -C(CH) 187 171 60 3
2 -CHy- 181 159 8l g E0
3 - 220 190 62 =
4 -0- 21 213 41 &
5 S- i 197 60 g BT |
6 S0, 23 211 54 s
7 -C(CF.) 234 199 58
8 -CO- 220 218 59 1.E+06
9 -C(CH,XC.H,) ME 194 60
10 -C(CHXC,H,) 191 169 83
11 -CH(1-C,H,)- 180 168 79 1E+05 i — . el . -
- ] 50 100 150 200 250 300 350
1) Peak top temperature of tan & 2) Peak top temperature of E* 3) Coefficient of thermal expansion
(Temperatwe range, 50~ 150°C) Temperamre (°C)
Fig. § Storage modulus of BXZ cured at 200°C by dynamic

mechanical analysis.
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Fig 6 Typical thermal ring opening polymerization process bifunctional
benzoxazines from aromatic diamines.
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Tab.4  Degradation temperature (Tds), grass transition temperature
(Ty) and residual weight (RW;ss;) of thermal cured BXZ.

BXZ Tds ) (°C) T2 ('C) RWsu* (W%)
(a) 328 205 47.1
(b 322 197 58.7
(© 344 185 392
(d 361 184 364

1) Temperature of 3wt% of weight loss 2) Glass transition Temperature measured by DMA
3) Reswdual weight at 550°C
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Fig. 7 Results of thermogravimetric analysis of Fig. 8 Storage modulus of cured BXZ by dynamic
thermal cured BXZ at 200°C. mechanical analysis.
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