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L= gdAAA FJAAQ] N-benzylpyrazinium hexafluoroantimonate (BPH)Z 7§ A] 5
o}z ol#FA oZF A9 diglycidylether of bisphenol A (DGEBA)$} WAl polyurethane (PU) &
=9 PUS o] wE AT 4L A3t EAs=e HAFLE AAFA
HHADSCO)S} near-IR & Faf B2slal, F3d4dL AASE AAAAHK) LA HH
Uzl BEEE(GE ZA3Ach 49 A7, 33 S43URAE)) A0 PUY &F
o] 10 phroll Al H1gh& velfon, Kee A8 fAE A4S vehd S #0384t oje
PU9| o]AAleldle] E719} DGEBAS Flo|=E47] Alole] 424y Ago] F7lgtel whe} E3ln
o 7l d =7}t S7H7] MEs s fAuso] Ao

ABSTRACT : In this work, the diglycidylether of bisphenol A (DGEBA) and modified polyurethane (PU)
blends were initiated by N-benzylpyrazinium hexafluoroantimonate (BPH). The cure and fracture toughness
of neat DGEBA with the addition of PU were investigated. The cure properties of DGEBA/PU blend
system were examined by DSC and near-IR measurements. The fracture touhtness were investigated by
measuring the critical stress intensity factor (Kic) and the critical strain energy release rate (Gic). According
to the results, the maximum values of cure activation energy (E.) and conversion (@) were found at 10
phr of PU. Also the Kjc showed a similar behavior with the results of conversion. These results were
probably due to increase of crosslinking density in the blends resulted from increase of the hydrogen
bonding between the hydroxyl groups of DGEBA and isocyanate groups of PU.

Keywords :latent thermal initiator, epoxy resin, polyurethane, cure behaviors, fracture toughness
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A&l QA NAAZE BFs, PFs, AsFg, SbFe
metal halide anionsZ g3}l U+ aromatic
onium¢l o] th*" Hexafluoroantimonate® &t
foha gl BPHE A4 ZuE AHES oole

s I = ©° H R E )
7] wEe] ohFst Fxe aREAE A& 9
1 Bageld ok’

ok B Ao e dRA el FHvlildl
BPHE MAA 2 AME-3Ste] o EA/PU BA=E A
z3hgan, PU % Wzl wE ERl=e) A3

e, 84 4 2 Qe AvRsin
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I« #

LA =z

Bl ALgE oldeA olFAl FA= dig-
lycidylether of bisphenol A (DGEBA, =75:38}8}: YD-
128, EEW= 185190 gleq, d= 1.16 glc, p=
12,000 cps)S AREE}RaL, PUv T875AZ  SK
Chemicals®] Polyester B} & MDIS} Polyester
Polyol, Short chain glycol®] #ZE3olu] EalZe
250,00091 A& AHE-3tth DGEBAS] Z3tE ¢
3 ZulE  9Fo]? JAIAIQ]  N-benzylpyrazinium
hexafluoroantimonte (BPH)S A}-3}%1 31, DGEBAS}
PUS] F&u|& tetrahydrofuranZ AF8-3lch & 4
Yol A" DGEBA, PU, 18|11 A4 o)
BPH2] 38}tz 5 Figure 16] LERHSA

2. AlE M=

DGEBAS] THF] &31A171 PU (0, 5, 10, 15 L.
23 20 phyE A7ste] EFRON, ERAEL
95 2] oil bathol]A] oF | A|7F B9F weksAA &
WS AAsGk AxE £3E| BPHE #7138}
3, 70T A LBA 7|E FTF BV F
Y Boo FIEh olgA Axd EdES
A3} QBN £ &£E 5T/minE 3l 70T (30
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Figure 1. Chemical structures of DGEBA, PU, and BPH.
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DGEBA/PU E#l=A0] A 2d 2%(T)% 4
3t 243} JURA(ENE 437 A8t AJAEEAL
< 27| (differential scanning calorimeter, Perkin Elmer
DSC-6)E ARt §4 DSC £4e 24 £9
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15 281 20 T/minl & 3] 30~300C ¥ 9oA
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27t o)A 9d(400~1400 cm™) Ajool] LjEh =
FrMes 245k 39 £33 (near-infrared
spectroscopy, Perstorp Analytical NIR system 6500)
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PY% FUAR NR 292k AHgste) $45)
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Adgrmv 7393 A1z, 2004
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o] 1x1x1 em’9] AJHE AzEtd 53 7]AH
BEA7|(TA instrument, DMA 2980)2 o]&3}o]
30~150Col A 10C/ming) & £=2 AFPh

Azd A5 FIAAHL dA &8 AN
Kio)E Z2Aste] @AYt Kee single edge
notched bending(SENB) A]¥-& ASTM E399¢] 3}
o] x=x|9] ZlolE FH|9] 1/2, cross-head speed= 1
mm/min 12|31 span-to-depth ratiox 4:12 11733}
o 2439}k F AL B3t TdE A
Hel g 54 golry) sk 2 ARY 3
DHS FARER #n|Z(SEM, JEOL JXA 840A)&
ARE-3ted 500 ] Bl &= FESFATH
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Figure 2. Dynamic DSC thermograms of DGEBA/PU

blends.
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sjof PUS) fto] Z71atol et Bashe A%E
FEY § e, 20 phrol A A3 B3} o
28] FA% 7+4A+v DGEBAS PU Alo)e] EA7h
5:@%9_ 3t Ble|=E A9} o FAlo]=
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Table 1. Cure Activation Energies (Ea) of DGEBA/PU Blends

. Heating rate (C/min) E,
Compositions Kinetic factor
5 10 15 20 (kJ/mol)
DGEBA/PU 1T % 10° 2.6 2.1 2.0 2.0 054
0 phr In g -10.6 -10.0 9.6 93 ’
DGEBA/PU T x 10° 22 2.1 2.1 2.1 261
5 phr In g -10.6 9.9 9.6 93 '
DGEBA/PU UTx10° 22 2.1 2.1 2.0 782
10 phr In ¢ -10.6 99 9.6 93 '
DGEBA/PU YT 10° 22 2.1 2.1 2.1 189
15 phr In g -10.5 9.9 9.5 93 ’
DGEBA/PU UTx10° 22 2.1 2.0 2.0 195
20 phr In g -10.6 9.9 9.6 9.4 ’
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Figure 3. Conversion rate as a function of time at
different temperatures.
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Table 2. Blend Assignment for Chemical Groups
from NIR Absorption Spectra of Cure System

Wavenumber .
(em’ Chemical group
7,000 -OH overtone and combination bands
Firsts overtone of terminal (methylene)
6,067

-CH fundamental strtching vibration

5,990 Phenyl C-H stretching overtone band
5,890 Aromatic CH band
5,240 CH,, -CH combination band

Combination band of the aromatic

4,682-4,619 .
-CH fundamental stretching

4,530 Conjugated epoxy CH, deformation band
4,530 Amine group NH»

a- O phr
b- 5 phr
c- 10 phr
d- 15 phr
e - 20 phr

Absorbance
o

T - T T
4510 4520 4530 4540 4550 4560

Wavenumber (cm’')

Figure 4. Near-IR spectra of DGEBA/PU before curing.
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Figure 5. Near-IR spectra of DGEBA/PU after curing.
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Figure 6. Dimension vs. temperature for DGEBA/PU
blends.
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Figure 7. K;c and Gj¢ values of DGEBA/PU blends.
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Figure 8. SEM images of fracture surfaces, (a) 0 phr,
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