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Abstract: Interpenetrating polymer networks(IPNs) composed of castor 0il(CO) polyurethane(PU) and epoxy resin were prepared by the simulta-
neous polymerization technique. Two types of PU were prepared using 14-butanediol(BD) and BD/trimethylolpropane(TMP) as a chain extending
agent and crosslinking agent. The PU/epoxy based on BD as a chain extending agent showed more shift in the damping peak than PU/epoxy
based on BD/TMP as the PU content was increased. BDPU/epoxy simultaneous interpenetrating polymer networks(SINs) had a better compatibility
than BD/TMP-PU/epoxy SINs. For both systems, it was postulated that unique network formation of PU/epoxy SINs as a chain extending agent
and crosslinking agent had occurred to a significant extent of phase mixing. The types of chain extender in the PU were found to be an important
factor in determining the phase mixing of the IPNs. When the BD/TMP-PU reaction was faster than epoxy network, the extent of phase mixing
was retarded by decreasing entanglement of networks. It was found that both PU/epoxy SINs provided enhanced flexural properties and fracture
toughness. Fracture surfaces of BDPU/epoxy and BD/TMP-PU/epoxy SINs showed the localized shear deformation and generation of stress
whitening associated with the cavitation.
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2)¢] AsEE9) castor olld PUS #3457} PU/epoxy SINs®
NEHFALE AR E £2F AAHTH14,15] w2HA castor oil
& PU =& Z2 " (prepolymen)?] AHEAGAE EA4F] 2 castor
oil Wale] EAeko] #e 14-butanediolBD)SH 7FaLAIY BD/
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AGA ] EFo| wet PUY wS&E7F A, PUS ZtaEtS
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Figure 1. Storage modulus and tan & of BD/TMP-PU/epoxy
SINs as a function of BD/TMP-PU content.
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Figure 191 BD/TMP-PU/epoxy SINsolA PUS %Ad] o2
storage modulus$} tan 65 YENAEE PUS #3fe] F7}gte] uf
% storage modulus®] FHojgdo] HLHddoz o]Fsdt. PU
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IPNs9] 4ol PUS 240 $718+E dFA njEZ29 PU
o] 7knFZ3b entanglement’t ZAEE ¢ 4 itk BDPU/epoxy
SINs9| storage modulus®} tan 8& Figure 291 Wehiglch. PU
o] geko] F7hgte] whe} BD/TMP-PU/epoxy SINsel ]38 tan &
Hazt aA olsstg ey, dampingdH-S Ao dAFA. ol
¢ Z3}= BD/TMP-PU/epoxy SINsel #])8} BDPU/epoxy SINs7}
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Table 12 BD/TMP-PU/epoxy SINs® BDPU/epoxy SINsoll Al
PUS o] mE Feldo]2%9 damping¥ 2ol F749 o)A
8¢ Y. BD/TMP-PU/epoxy SINselA PUS & o
20 wt %A= FEjdolewst AA Zastdeu, 30 wt %olA
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Figure 2. Storage modulus and tan 8 of BDPU/epoxy SINs as
a function of BDPU content.

Table 1. Glass Transition Temperatures(T,;) Determined from
the Tan & -Temperatature Curves of the BD/TMP-PU/epoxy
and BDPU/ epoxy SINs

Shift in
Sample Compositions (ocg) epo;q; bée)sin ‘I;Ina;gpf"él;
g
BD/TMP-PU/epoxy 0/100 104
10/90 93 1 21
20/80 82 22 24
30/70 81 20 2
BDPU/epoxy 10/90 8 19 22
20/80 81 23 23
30/70 69 35 )
= ° ol fErolerst gasx @ity BDPU/epoxy SINs
= PUY stgo] S/HE5E fEldolest A28e Bk »
EAEHES e ARE IBEAET A8A Ey
PU/epoxy IPNsolA Uehd 2l do]&5E 1847 o ZA njE
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o] M2 A et} webd PU7L 2713l whel, BD/TMP-PUSH
AFAI AT 7hAHeAI k] 2po)7h 2744 0B 2 entangle-
ment®] Fao] dle] YZAFHES}F A Qo Az
Tand F90~ et ZzolM pUY o] Zsistd] wha
BDPU/epoxy SINsHEth BD/TMP-PU/epoxy SINs7} damping?]
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Figure 3. Swelling degree of BD/TMP-PU/epoxy SINs and

BDPU/epoxy SINS as a function of PU content; the solid line
was obtained from arithmetic mean.
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PU/epoxy IPNs9] #&%7t 57188 HAth % PU/epoxy SINs
© PUZF 25 wt %9 30 wt %ol A, BD/TMP-PU/epoxy SINs7}
BDPU/epoxy SINsR.TH B& =7t 37188 Btk olgd Ay
YA AFAA Jehd $dolEe HIZD dampingd ¥
o] A dAsdt. webd BDPU/epoxy SINs7} BD/TMP-
PU/epoxy SINsEt} o] ZA] wjE= 29} PUZle) AELE olFu
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Figure 4% 5% PU/epoxy SINsol4 PU9| €3}z mz z=
Bt F2XEHEE JehlT BDPU/epoxy SINsE PUZF 20
wt %70 oF7F FUbste S UEhdon, 20 wt %Az
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Figure 4. Flexural strength of BD/TMP-PU/epoxy SINs and
BDPU/epoxy SINs as a function of PU content.
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Figure 5. Flexural modulus of BD/TMP-PU/epoxy SINs and
BDPU/epoxy SINs as a function of PU content.
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Figure 6& BD/TMP-PU/epoxy SINsolAl PU ZAlo] 20 wt
%S} 30 wt %ol s AxFALEE]E AR ol PUZE 20
wt %ol ZAAGY] FAdHE AA ddddy dAga7]4
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oA BEHo=Z PUZ W o] HoiAduzt coreE YEHIATL
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TMP-PU/epoxy SINs® 9@ o EA] ZAzEd i€ PU
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Figure 6. SEM micrographs for fractured surfaces of BD/
TMP-PU/epoxy SINs as a function of PU/epoxy ratios: (a)
0/100; (b) 20/80; (c) 30/70.

Figure 7. SEM micrographs for fractured surfaces of BD/epoxy
SINs as a function of PU/epoxy ratios: (a) 15/85; (b) 30/70.
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Figure 82 BD/TMP-PU/epoxy SINs®} BDPU/epoxy SINsell A}
PU9 el dste] we #AA4E Yehhdth. BD/TMP-PU/
epoxy SINs9| #H¥AAL PUZF 20 wt %Y A% JUgS Hol
T gor, #3A98L 248 F7+3kgich BDPU/epoxy SINsofl Al
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Figure 8. Fracture toughness(Kic) of BD/TMP-PU/epoxy SINs
and BDPU/epoxy SINs as a function of PU content.
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