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Fig. 1 SEM images of fractured surfaces of the DGEBA/DDS/PSF blends at different PSF compositions w, after curing of samples

at 130°C for 1440 min

Location of the glass surfaces were indicated by arrows; Right pictures in each panel are at higher magnifications, m and b

corresponding to the middle and bottom part, respectively.

Fig. 2 SEM images of fractured surfaces of the DGEBA/DDS/PSF blends at w = 0. 15, after curing of samples at 130°C for

1440 min

Different film thickness was used, (A) 50 pwm and (B) 2 mm; Location of the glass surfaces were indicated by arrows. Right

pictures in each panel are at higher magnifications; u and m corresponding to the upper and middle part, respectively.
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Fig. 3 SEM images of fractured surfaces of the DGEBA/DDS/PSF blends at w = 0.15, after curing of samples at different

temperatures for 1440 min

Location of the glass surfaces were indicated by arrows.
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Fig. 4 SEM images of fractured surfaces of the DGEBA/
DDS/PSF blends at w = 0. 15, after curing of samples at
180°C for different time

Location of the glass surfaces were indicated by arrows;

Right pictures in each panel are at higher magnifications.
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Fig. 5 SEM images of fractured surfaces of the DGEBA/2E4MZ/PSF blends at different PSF compositions w, after curing of

samples at 130°C for 1440 min

Location of the glass surfaces were indicated by arrows; Right pictures in each panel are at higher magnifications, u and m

corresponding to the upper and middle part, respectively.

Fig. 6 SEM images of fractured surfaces of the DGEBA/DDM/PSF blends at different PSF compositions w, after curing of samples
at 130°C for 1440 min

Location of the glass surfaces were indicated by arrows; Right pictures in each panel are at higher magnifications.

T ] e BE I I R LS 3 3 2 450, A3 51 1
3 A1 A X 24920 ) U S5 45 R —— TR SR A
A0 ) S BT T I AW I B AR A

100

x
(=)
T

2E4MZz [ DDM DDS

B [o)
(=] (=]
T T

[
(=]
T

Fractional conversion (%)

(=]

50 100 150 200 250 300 350
Temperature (°C)

Fig. 7  Fractional conversion of the DGEBA/DDS/PSF,
DGEBA/DDM/PSF and DGEBA/2E4MZ/PSF blends at
PSF  composition w = 0.15, obtained from DSC
measurement

Curing agent used for each curve is illustrated by an arrow.
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CURING AGENT INFLUENCE ON THE LAYERED-STRUCTURE
FORMATION IN THE EPOXY/POLYSULFONE BLENDS

Feng-hua Chen, Yan Zhang, Wei-chao Shi, Shi-yong Yang, Xiao-juan Zhao, Charles C. Han

( State Key Laboratory of Polymer Physics and Chemistry, Joint Laboratory of Polymer Science and Materials ,

Beijing National Laboratory for Molecular Sciences, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190 )

Abstract Epoxy/thermoplastic blends have been extensively studied because of the importance in toughening
application and the fundamental academic interests. Morphological structure formation through reaction-induced
phase separation in the diglycidyl ether of bisphenol A ( DGEBA) and polysulfone ( PSF) blends are
investigated with various amounts of PSF and different kinds of curing agents. The fractured surfaces are
studied with the scanning electron microscope, on the cross section or normal to the film surface of the sample
film. Several morphological structures are observed at different PSF concentrations. Sea-island and inter-
connected nodular structures are respectively obtained at lower and higher PSF concentrations. At appropriately
middle PSF compositions, usually around 0. 15 weight fractions for the samples, an unusual three-layered
structure is formed. The upper and lower layers are similar, with PSF-rich particles sparsely dispersing in the
epoxy-rich matrix; most of the PSF-rich domains are located in the middle layer, where bicontinuous structure
is formed. It is found that the three-layered structure is developed from an initially bicontinuous structure,
which will retract ( PSF-rich network shrink) toward the middle region of the sample film with the proceeding
of reaction and phase separation. Driving force for this phenomenon is the change of the Gibbs free energy,
shift of the coexistence curve, volume fraction decrease of the PSF-rich network and the dynamic asymmetry
between the components. At middle PSF compositions, the layered structure can be formed at various curing
temperatures. When different curing agents are used, reaction rate will change, however, the reaction rate is
not an essential cause for the formation of the layered structure. When the curing agent has a higher reactivity
with the epoxy (for the DGEBA, 2-ethyl-4-methylimidazole (2E4MZ) and PSF system ), reaction kinetics
may be better competitive with the phase separation kinetics, and the thickness ratio of the middle layer will
increase, compared with the DGEBA | 4 ,4'-diaminodiphenyl sulfone ( DDS) and PSF system. However, better
compatibility on the molecular level is introduced when the medium reactive curing agent, 4, 4'-
diaminodiphenyl methane (DDM) is used to react with the DGEBA. The consequence is that the components
are more dynamically symmetric during the phase separation, and the bicontinuous structure may not (or need
not) develop to become a layered structure.

Keywords Epoxy, Layered structure, Dynamic asymmetry, Compatibility, Curing agent



