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Study on the Curing System of Phenolic Hydroxyl-substituted
Spirofluorene-xanthene-type Polyimide-modified Cyanate Ester Resin

LI Yi-fan, SUN Hao-nan, YAN Yu, LIN Qi-yun, NING Zhi-peng, CHEN Ling-cheng", XIAO Yi*

(State Key Laboratory of Fine Chemicals, School of Chemical Engineering,
Dalian University of Technology, Dalian 116024, China)

Abstract: Cyanate ester resins (CE),which have excellent mechanical properties, good thermal stability and
very small dimensional shrinkage, are widely used in electronic packaging and other fields. In this study,
the synthesized phenolic hydroxyl-substituted spirofluorene-xanthene-type fully rigid polyimide (PI-OH)
was used to modify bisphenol A-type cyanate ester resin (BADCy). It was found that the phenolic hydroxyl
groups on the side chain of PI-OH could significantly reduce the curing temperature of BADCy, and the
peak exothermic temperature of curing was reduced by about 142 °C compared with that of the unmodified
resin. At room temperature, the energy storage modulus and Young’s modulus of PI-OH(10%)/BADCy
were 2614 MPa and 5010 MPa, respectively, which were increased by 34% and 10.2%, respectively,
compared with those of pure BADCy. In addition, the tensile strength and tensile modulus of PI-OH(8%)/
BADCy were increased by 63.9% and 128.4%, respectively, and its thermal degradation temperature
(Tysv,) and statistical heat resistance index (7;) were enhanced, although the glass transition temperature
(T,) was slightly decreased. Meanwhile, the water absorption of the PI-OH(10%)/BADCy system was only
0.73%, which was reduced by 47.9%, due to the large number of hydrophobic trifluoromethyl groups in the
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side chain of PI-OH. This progress is of great importance for the production of low-temperature curable

cyanate ester resin materials with good thermal stability and mechanical properties.

Keywords: Phenol hydroxyl polyimide; Bisphenol A cyanate ester; Curing temperature; High temperature

resistance
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Figure 1 Chemical structure and 3D model of PI-OH
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Figure 2 DSC curves of PI-OH/BADCy and pure BADCy
at the heating rate of 10 °C/min
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Table 1 Key parameters for curing reactions in DSC testing
Sample T, (°C) 7," (°C) 74° (°C) -AH Y (J/g)
BADCy 327 343 345 910. 4
PI-OH(5%) 180 222 267 697.5
PI-OH(8%) 184 214 238 535.4
PI-OH(10%) 167 201 223 485.7

. . b . . o d . .
* The initial reaction temperature; The peak reaction temperature; “ The reaction termination temperature; The enthalpy of curing reaction.
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Figure 3 Reaction mechanism between BADCy and PI-OH
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Figure 4 DSC curves of (a) pure BADCy and (b) PI-OH/BADCYy at different heating rates
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Table 2 Key parameters for curing reactions in DSC testing
Sample £ (°C/min) T; (°C) T, (°C) Ty (°C)
5 171 208 241
10 180 221 267
PI-OH(5%)/BADCy
15 194 235 281
20 213 246 298
5 309 323 329
10 327 343 345
BADCy
15 342 368 369
20 350 373 374

4 BADCy 14 %, iiF B PI-OH [ I\ 7] LU 3 [ 4k, T pe, R R i e A0 R e 4k 2R 4k,
S BIEAT , Ak B R SR B AR, 7E 230 °C LRI B A E I E AL T 24 150 °C/2 h+200 °C/2 h +
A e R R E AL . T R EEAS TR A &R AR S 230 °C/2 h 5% 150 °C/2 h + 200 °C/2 h + 230 °C/2 h
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Figure 5 —In(f/T, pz) versus 1/T, curves of (a) PI-OH/BADCy
and (b) pure BADCy systems
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Figure 6 FTIR spectra of (a) pure BADCy and (b) PI-OH/
BADCYy systems
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Figure 7 (a) Storage modulus and (b) tand versus temperature curves of the PI-OH/BADCy and BADCy systems

=3
S
Table 3 Key parameters summarized from DMA curves of
the PI-OH/BADCy and BADCy systems

PI-OH/BADCy 1 BADCy % 4t [ DMA i £& 1 1) 5%

Cured blend T, (°0) E'® (MPa)
BADCy 290, 323 1955
PI-OH(5%)/BADCy 311 1998
PI-OH(8%)/BADCy 255, 308 2476
PL-OH(10%)/BADCy 288 2614

a Ty measured as the temperature at the peak maximum of the tand;

b Storage modulus at 30 °C measured by DMA.
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Figure 8 (a) Young’s modulus and hardness, (b) tensile strength and tensile modulus of PI-OH/BADCy and BADCy systems
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Table 4 Mechanical properties of the cured PI-OH/BADCy and BADCy systems

Cured blend Tensile strength (MPa) Tensile modulus (MPa) Elongation at break (%)
BADCy 22.17 + 2.86 1371 £ 503 433 £ 1.10
PI-OH(5%)/BADCy 22.58 +3.39 3036 + 820 2.45 £ 0.76
PI-OH(8%)/BADCy 36.33 £ 9.17 3132 £+ 636 3.14 £ 0.62
PI-OH(10%)/BADCy 21.31 + 5.00 1743 + 496 3.04 +0.98
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Figure 9 TGA curves of PI-OH/BADCy and BADCy
systems
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Table 5 Key data from TGA curves of PI-OH/BADCy and BADCy systems

Cured blend T4s% (°C) Ta30% (°C) Tas0% (°C) T Cy700 °c (%)
BADCy 419 445 534 213 41.45
PL-OH(5%)/BADCy 416 448 623 213 47.97
PI-OH(8%)/BADCy 427 457 674 218 49.41
PL-OH(10%)/BADCy 433 467 222 53.80

£ 700 °C [ 5% % % 1515 53.8%, H R e tE 1A &
(41.45%) 4RTH T 30%. XA T SR IE WV i = 4G
A BTG (19 TR V. e A R A 0 8 e &5 A A v il FAVAE 1)
IR 2 T s B T A 1 R 2 B, R 5 0 i
T EETH AR R e o 8 E IR B 25 46 1
BENE LR R R Y, PLOHMIEE E My iedt 5
TR T 2 [ LT B8 ) s DI 2 Bk 22 ) A 2 T e
R EPEEZ —

T, = 0.49[Tys0, + 0.6( T390, — Tasoy)] )
TG T AR E Tasw N 5% PR EIR L, Taow
9 30% FAK H I .

2.7 PI-OH/BADCy A9 7K M3z

e M BE 1) 58 A 0 T ik A A A 0 IR 6 1)
R, XT3 O\ PI-OH S § J5 fE & 4 5l
BEAT T UK DR, TR K 2R A A S BOHE I R AE
K110, T BADCy B i o & A K & 1) = R A S i
TR AERR A AL, [RS4SR A B 285 v
SERMIECE, RILFT A (AR R332 BT I K 1,
725 °C /K HRR6 50 h & I K 35975 1.5% LA R .
PI-OH(10%)/BADCy & # ) M 7K 2 5 ik, XN
0.73%, b 0 VE I (1.4%) FEAIK 1 47.9%, X & T
PI-OH 5% 1 % A K& 1 — CFs 2], %5 74 5
BABUKYE, e AR IR A HEE, SCEM

2.0

B BADCy

I PI-OH(5%)/BADCy

[ PI-OH(8%)/BADCy
PI-OH(10%)/BADCy

Water absorption rate (%)
= n
T T

=]
W
T

0.0
E 10 BADCy Fl PI-OH/BADCy {4 % HIW 7K Z (50 h)
Figure 10 Water absorption rate (50 h) of BADCy and PI-
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