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Table 1 Formulation of samples

Sample ER (pbw™) PEL (pbw ™) MWCNTs ( pbw) DDS (pbw)
ER/PEI/MWCNTs(100:30:0) 100 30 0 31.6
ER/PEI/MWCNTs(100:30:0.75) 100 30 0.75 31.6
ER/PEI/MWCNTs(100:30:1.5) 100 30 1.5 31.6
ER/PEI/MWCNTs(100:30: 2. 25) 100 30 2.25 31.6

* pbw:parts by weight
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SEAEWA TV 30 min J5HEAT G T, 9K )5 # T T
BT =AW bt Z0 s i PEL & &AM, 7
W H 5 B2t 4, F FEI QUANTA 200 454
FH, 5% YL 25% 7 T O 5.
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Fig. 1

SEM image of the MWCNTs

dispersed by ultrasonic in chloroform
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Fig. 2 Dispersion of the MWCNTs in ER/PEL/
MWCNTs(100:30:2.25) composite
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Fig. 3 SEM images of the fractured surface of composites cured at 150°C ; (a) ER/PEI/MWCNTs (100:30:0),(b) ER/PEI/MWCNTs
(100:30:0.75),(c) ER/PEI/MWCNTs (100:30:1.5) and (d) ER/PEI/MWCNTs (100:30:2.25)

The PEI rich phase was etched by chloroform.
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Fig. 4 SEM images of the fractured surface of composites cured at 120°C ; (a) ER/PEI/MWCNTs (100:30:0),(b) ER/PEI/MWCNTs
(100:30:0.75),(c) ER/PEI/MWCNTs (100:30:1.5) and (d) ER/PEI/MWCNTs (100:30:2.25)

The PEI rich phase was etched by chloroform.
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Fig. 5 FTIR spectra of ER/PEI/MWCNTs (100 : 30 : 0.75)
composite cured at 150°C for 10, 30 and 60 min
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Fig. 6 Degree of conversion versus cure time of ER/PEL/
MWCNTs (100:30: 0), ER/PEI/MWCNTs (100: 30 :
0.75), ER/PEI/MWCNTs (100:30:1.5) and ER/PEL/
MWCNTs (100:30:2.25) composites cured at 150C
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Table 2 Kinetic parameters of the curing reaction for the composites

obtained from the DSC measurement

EE\
Sample n E(s™")
(kJ/mol)

ER/PEI/MWCNTs (100:30: ) 64.9 0.882 1.33 x10°?
ER/PEI/MWCNTs (100:30:0.75) 61.2 0.875 1.41x10°?
ER/PEI/MWCNTs (100:30:1.5) 59.6 0.874 1.43 x10°?
ER/PEI/MWCNTs (100:30:2.25) 59.0 0.872 1.47 x10°?

k is the rate constant of curing reaction.
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& 8 WA MWCNTs & & (15 AW 120C
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Fig. 7 Dynamic DSC curves of (a) ER/PEI/MWCNTs (100:30:0), (b) ER/PEI/MWCNTs (100:30:0.75), (¢) ER/PEI/MWCNTs
(100:30:1.5) and (d) ER/PEI/MWCNTs (100:30:2.25) composites at a heating rate of 5, 10, 20 and 30 K/min
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ER/PEI/MWCNTs (100:30:2.25)

—_ —_
S (=
w N

—_
(e
™

Complex viscosity (Pa-s)

(=]

1 1 1
150 200 250

Time (min)

1
100

0 50

Fig. 8 Complex viscosity of the ER/PEI/MWCNTs (100:
30: 0), ER/PEI/MWCNTs (100: 30: 0.75), ER/PEI/
MWCNTs (100:30:1.5) and ER/PEI/MWCNTs (100:30:
2.25) composites cured at 120°C
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Fig. 9 ¢, and t,, obtained by rheological test for ER/

PEI/MWCNTSs composites cured at 120°C, 130°C, 140C
and 150°C
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"\ ---- With MWCNTs

\
T, ; \
e Fio ANANBY BN\
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Fig. 10 Schematic description of the shift of phase

diagram in the systems with and without MWCNTs during

curing reaction
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A MWCNTs B4R 2 i T 52 B 5D < 1 & 3
JEEFR 52080, A SRR 01 7RI BT BOK A 0
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L S A0 A A5 [k S I B b, 2 1 v Ak
RBREAIC, 1A 2R 88 IS Ak B ) 2 1, S 3500k SR AH 43 85 B
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STE MR R T —EVER bRy e R R
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EFFECTS OF MWCNTs ON PHASE SEPARATION IN
EPOXY RESIN/PEI BLEND SYSTEMS

ZHANG Jing, XIE Xuming

(Advanced Materials Laboratory, Department of Chemical Engineering, Tsinghua University, Beijing 100084 )

Abstract  Epoxy resin/PEI/MWCNTSs composites were prepared by solution blending, and the effects of
MWCNTSs with hydroxyl group on the phase separation of the systems were investigated by scanning electron
microscope (SEM) ,infra-red spectrum (IR),rheological measurements and differential scanning calorimetry
(DSC) . The SEM resulis showed that the MWCNTs were uniformly dispersed in both phases of the composite
after curing. The phase separation morphology of epoxy resin/PEI blends without MWCNTSs or containing 0. 75
pbw MWCNTs showed an island-sea structure, and the blend containing more MWCNTs presented a
bicontinuous structure when the blends were cured at 150°C. And when the blends were cured at 120°C |, the
phase separation morphology of the blends without MWCNTs or containing 0.75 pbw MWCNTs showed a
bicontinuous structure and the blend containing more MWCNTSs presented a phase inversion structure. The IR
and DSC data showed that the rate of curing reaction was accelerated and the activity energy of the curing
reaction was decreased by introducing MWCNTSs into the system due to the existence of the hydroxyl group on
their surface. In addition, the results of rheological measurements revealed the fact that, for one hand, the
MWCNTSs which crossed both phases increased the viscosity of the system, causing an inhibiting effcet on phase
separation ; for another hand,the gelation time of the composites decreased as the MWCNTSs content increased
which indicated that the addition of MWCNTSs to the blend restricted the phase separation and morphology
evolution in the earlier stage of phase separation, implying that the introduction of MWCNTs with hydroxyl
groups into the system was a feasible method to achieve the goal of phase morphology control.

Keywords MWCNTs, PEI, Epoxy resin, Phase separation



