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ABSTRACT Epoxy resin/polyurethane interpenetrating polymer network nanocomposites with var-
ious contents of polyurethane and organophilic montmorillonite(oMMT) were prepared by a sequential
polymeric technique and in situ intercalation method. The analysis showed that oMMT interacted with
epoxy resin/polyurethane interpenetrating polymer networks (IPNs). oMMT dispersed uniformly in epoxy
resin/polyurethane IPNs, and formed the intercalated or exfoliated microstructures in the matrix. Me-
chanical properties tests indicated that oMMT and the IPNs of EP and PU exhibited synergistic effect on
improving tensile strength and critical stress intensity factor of pure EP. Scanning electronic microscope
observations prove that cavities and micro–cracks are responsible for improving toughness and strength of
EP nanocomposites modified by polyurethane and oMMT.
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#��� Æ/��#�, .1C$C=��� #

&� [10,11]. D><E=F'?@5//DAB=

> 6/?GH@AÆ/�� [12], 5>#'$%#5/

6/8H@AÆ/�� [13∼16].

>I(E!��?5#@C8 [17,18], !FA#

5/6.23;=GJ?@5/:�/, DA!B

?GHHK#��� /554.276@AÆ/�
�,��554>?GHCBD��� #'>LD
�5#IJ.

1 9:;<
MK'G�!: EEF%CN4 (TDI)�2, 4, 6–

O (N , N–FE@GLE@)EF (DMP–30)�PHQ

@G���� (E–44)�!B?GH (oM,IIM [19]

#,/DA)5>JDN (=O 163 mg KOH/g)(3'

+PEGQGR).

!IRIM [17] ÆD#554S5%�JDN
� DMP–30(E–44 TB# 1.5%) I>�F9%Æ!

E–44 - (554S5%=JDN#TB7U� T
B# 10%, 25%, 35%), HKGVIGH, !3LÆS

�#5SJWXI%-.MTN�#I%KÆ 120O

LY-MN 5 h, !446&9J#554/���

 .276,#PO$Q10% PU�25%PU� 35%PU.

!44CB#!B?GH (U=!� TB#

1%, 3%, 5%) %Æ!554S5%�JDN� E–44

#8/%Z- (554TB#U$ 25R), ( 80 O

KLHK 10 h, 4"S%ÆPB# DMP–30, VI

IDA554/��� .276#T>, DAB!

B?GH (CB$ 1%�3%�5%) HK#554U�
�� /?GH@AÆ/��, #PO$: PU/EP1�

PU/EP3�PU/EP5.

' IRprestige–21 [QWRM\V�44��#

QWRMX; ' D/MAX–2400 [ X Y]^Y\V�

44��# XRD X (CuKα, λ=0.15418 nm), 6W

_ 40 kV, 6WN 40 mA, ZO[� 0.02◦/s; ' JSM–

35C [ZOWPDV44��#QPER1XS#

T\YU; ' LKB Bromma 2088 [Z[VWB(7

")SX` 100 nm T#��]a, S' H–600 [

^YWP (%[W_$ 120 kV) D\?GH(44

Æ/��@%-##_YZ; ' PDL Z[T\BI

R GB/T 528–1998 V���#T\#', T\[�

5 mm/min, 7"; 8'O�`\I[( MTS–880 [

a'T\B8V�]U&^&�*? (KIC), ]a$

10.00 mm×4.00 mm×80.0 mm_;b, V]`a 60.0

mm, SDbc]�^`$ 0.5 mm. 3Yb## [20]

$ KIC=Y σ0a
1/2; σ0=3SPb/2Bw2, 3- Y = 1.93 −

3.07(a/w)+14.53(a/w)2−25.11(a/w)3+25.80(a/w)4,

Pb $]U%bB, N , S $`a (m), B $]aT�

(m), w $]ac� (m), a $SDbc]� (m).

2 @ABCD
2.1 EFGBHIJKLMNO

9�X 1 -?GH #+I#QWRM,dB,

!B?GH (oM)( 2918 cm−1 � 2856 cm−1 XBÆ

–CH2–#cdV,ee?@Wdf?E?@AÆ?G
HW@-. 6>�,5:2)I# XRD > TEM #

e !A>T#fe. ( 3600 cm−1 � 3400 cm−1 P
gBÆ�&#cdV, ee(!B�fB?GH-_

`(hf#�a/#=@. b(?GHHK#��

� /554@AÆ/�� (EP/PU5) -, hf#=
@V (3600 cm−1) ig, 45a/#=@Vc X%
cbd. 6ee?GHW@eU#=@'=554
S5%$��� @%:2gYfhN��)g&.

2.2 EFGQR@S
X 2 ZB( #+I=#?GH[h>44
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Fig.1 FT–IR spectra of the different materials
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Fig.2 XRD curves of the different materials
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Fig.3 TEM patterns of EP nanocomposites with different oM contents (a) EP/PU1, (b) EP/PU3, (c) EP/PU5

XRD X. kX 2 ,a, fB?GH (iM) (^Yb

2θ=7.0◦ #JmBÆ^YV, cÆ Bragg #^Y,l

2dsinθ=nλ(3- d $?GHW@#lUda; θ $Æ

Yb; λ $ X Y]#m]; n $^YeU), ?GH#

W@da`$ 1.26 nm; 'Q@fUnXSI#?G
H (oM) # X Y]^YVo$b,opn, 9mXS

+# 7.0◦ gq! 4.5◦, D&#?GH@da9 1.26

nm +%! 1.96 nm. 6eefUndf?EQAÆ
!?GHW@d, m^(?GH@da, !nC55

4S5%$��� #?AÆ?GHW@d, SAr

5/. EP/PU1 # XRD \]( 2θ=2◦ ∼10◦ <do

!^YV, ee?GH@daA>Tom^, hin

opf. b EP/PU5# XRD \]( 2θ=2.4◦ BÆ^

YV. ee?GHW@o!oj�qpf. kX 3 ,

A>TdB, pV?GHCB#+%, ?GH(@%

-#pfl�)4 [13].
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��� Æ/��#T\&��Yb##V]#�

k. e 1ee,=��� #T\&���, bYb#

#jr. %Æ554I, pV554CB#+^, �

�� /554.276#Yb##al0�, .1

T\&�!74$. bs554TB#U$ 25% 5,

��� /554.276%!bm#T\&��Y
b##. ==��� :9, Yb##0�(` 1 t,

bT\&�4$( 16%. (q�554CB$ 25%

I,A>T��44?GHCBDÆ/��^�#'

#IJ. kX 4 ,5dB, ?GH#%Æ453Æ/

��#T\&��Yb##0�. s?GHCB$

3% 5,  !#@AÆ/��#T\&��Yb##

#P1=��� # 1.2t� 2.6t, 1��� /5

54.276# 1.4 t� 1.3 t. s?GHCBns
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Table 1 Mechanical properties of the different

materials

Sample Tensile strength Fracture toughness

/MPa /(MPa·m1/2)

Pure EP 57.0 0.53

10%PU 55.2 0.67

25%PU 47.8 1.03

35%PU 23.4 0.93

EP/PU1 51.1 1.17

EP/PU3 68.6 1.38

EP/PU5 80.2 1.19
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Fig.4 SEM patterns for tensil fracture of the different materials (a) Pure EP, (b) 10% PU, (c) 25%

PU, (d) 35% PU, (e) EP/PU1, (f) EP/PU5
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