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Abstract To increase the cure rate and to improve the mechanical properties of diglycidyl ether of bisphenol A
(DGEBA)/4,4'- methylene dianiline(MDA) system, synthetic phenyl glycidyl ether(PGE)-acetamide(AcAm) was in-
troduced. The PGE- AcAm was prepared by the reaction of PGE : AcAm = 2 : 1(molar ratio) at 180°C for 1hr. When
5 phr of PGE- AcAm was added, tensile strength was improved about 15% and after that phr, the value was almost
constant, while glass transition temperature(Tg) and impact strength decreased with the increment of PGE- AcAm

content. The morphology of the fracture surface was more complex when PGE- AcAm was added.

1. Introduction

With the increasing demands of epoxy composites for
load-bearing structural applications, many researchers
have investigated the modification methods of epoxy
resins and reported many good results'~?. The well-
known methods are the modification of epoxy resins or/

and curing agents' ?, the addition of reactive additives®®

and the incorporation with reactive liquid rubbers?~ %
Mechanical properties of the cured epoxy resins are
closely related to the crosslink structure. If crosslink
density decreases or if the structure contains soft seg-

ments®

4, tensile strength decreases, while impact
strength Is improved. If rubber particles form domains
in continuous epoxy phase, these domains make the
systems tougher by energy dissipation mechanism,
while tensile properties decrease®.

In this study, synthetic phenyl glycidyl ether(PGE)-
acetamide(AcAm) as a reactive additive was intro-
duced to diglycidyl ether of bisphenol A(DGEBA)/4,4°

-methylene dianiline(MDA) system to make the

crosslink density increase and the effects of PGE-
AcAm on the tensile and impact properties were stud-
ied.

2. Experiment

The epoxy resin was DGEBA type(Epon 828, Shell
Co.), MDA was used as a curing agent and PGE-
AcAm was as an additive*'* ",

To estimate the impact and tensile properties, the
specimens were prepared by the following procedure.
Well-mixed DGEBA/MDA system with various con-
tents of PGE- AcAm was cured at 150°C for lhr after
curing at 85°C for 1.5hr. The size of the specimen for
impact test was 63.5 X 13x4(mm) with a notch at the
center. The depth of notch was 2.54 mm and the angle
was 45°. For tensile test, the size of the specimen was
recommended by ASTM D638.

Impact test was performed by Izod impact tester and
tensile test was carried out by Autograph  AGS-D
(Shimadzu, Japan) at 10 mm/min of cross-head speed.

After the mechanical test, the fracture surface was ob-
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Fig. 1 Comparison of cure rate for DGEBA/MDA/PGE- AcAm
system at 80C.

served by optical microscope and Tg was estimated by
DSC at 10 °C/min of heating rate.

3. Results and Discussion

The typical s-curves for autocatalytic cure reaction
of DGEBA/MDA system with and without PGE-
AcAm are shown in Fig.1, and the acceleration effect
of PGE-AcAm on the cure rate is also shown. When
conversion @ became 0.6, the reaction time for DGEBA
/MDA system was 74.2 min and that for DGEBA/
MDA/PGE-AcAm system was 55.8 min. Therefore,
the cure rate of the system with PGE-AcAm was 1.3
times faster than that of the system without PGE-
AcAm. The acceleration effect was explained by the
role of hydroxyl group generated from the reaction be-
tween epoxide group in PGE and amine group in
AcAm. The hydroxyl group acted as a catalyst on the
reaction between epoxide group and amine group, and
from the opening of an epoxide ring, another hydroxyl
group was generated'>'?. Therefore, the cure rate was
accelerated and it has been reported that the cure rate
increased with the increment of PGE- AcAm content.

The increment of cure rate at low temperature re-
duced the cost to produce an epoxy thermoset for the
high strength applications. However, excessive PGE-
AcAm contents may affect the properties of the
system. So, the mechanical properties of the system
with various contents of PGE- AcAm should be investi-
gated.

Fig.2 shows the tensile strength of DGEBA /MDA
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Fig. 2 Tensile strength of DGEBA/MDA/PGE- AcAm system.
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Fig. 3 Young's modulus of DGEBA/MDA/PGE-AcAm

system.

system with various contents of PGE-AcAm at 10 mm
/min of cross-head speed. When 5 phr of PGE- AcAm
was added, tensile strength was improved about 15%
and after that phr, the value was almost constant with
various PGE-AcAm contents. However, Young’s mod-
ulus(Fig.3) was lowest at 5 phr of PGE-AcAm and
after that phr, the value was increased slightly. These
meant that the backbone chain of DGEBA/MDA
system might be linked tightly by the addition of PGE-
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Fig. 4 Morphology of the fracture surface of DGEBA/MDA
specimen after undergoing tensile test.

(A)

(B)
Fig. 5 Morphology of the fracture surface of DGEBA/MDA/

PGE- AcAm(20 phr) specimen after undergoing tensile test.
(A) : mirror zone, (B) parabolic marking

AcAm due to the reaction of ether linkage between
epoxide group of DGEBA and hydroxyl group of PGE-
AcAm.

Fig.4 shows the morphology of the fracture surface

of the DGEBA /MDA specimen that was failed in ten-
sion and in this figure, the crack propagated from left
to right. Microscopically, the fracture morphology has a
clearly distinguishable mirror zone, where the fracture
initiated and which was surrounded by parabolic mark-
ings. The extension of mirror zone corresponded to the
increment of the energy done during the fracture and
in the parabolic marking region, crack-growth rate
was very fast due to the interference of the main crack
with new cracks nucleating ahead of it'*'®, Therefore,
the fracture surface of DGEBA/MDA system was so
complex and rough.

Fig.5 shows (A) mirror zone and (B) parabolic
marking of the fracture surface for the DGEBA/MDA
/PGE~AcAm(20 phr) specimen that was failed in ten-
sion and in this figure, the crack propagated upward. In
the crack initiation region, mirror zone which was much
larger than that of DGEBA/MDA system in Fig.4 also
was observed and parabolic marking which was more
rough and complex than that of DGEBA/MDA system
Was showed in the region far distant from the crack ini-
tiation point. With the addition of PGE-AcAm, mirror
zone became wider and this meant that the more ener-
gy was needed to fracture. So, tensile strength of the
system with PGE- AcAm(20 phr) was larger than that
of the system without PGE-AcAm. However, in the
parabolic marking region, crack-growth rate abruptly
increased and the specimen fractured.

Fig.6 shows the impact strength of DGEBA/MDA
system with different content of PGE-AcAm. As was
expected, impact strength decrease slightly with the in-
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Fig. 6. Impact strength of DGEBA/MDA/PGE- AcAm system.
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Fig. 7. Tg of DGEBA/MDA/PGE- AcAm system.

crement of PGE- AcAm content. These results are well
agreed with the general relationship between impact
strength and tensile strength that the improvement of
tensile strength is obtained by sacrificing the impact
strength. When stress loaded on the tightly crosslinked
polymers, the stress propagated rapidly to the adjacent
chains without the adsorption and dissipation of the im-
pact, so the material followed the more brittle failure.
Glass transition temperature(Tg) of the system with
different content of PGE-AcAm is shown in Fig.7.
With the increment of PGE-AcAm content, Tg value
decreased and this result is different from the relation-
ship of tensile and impact strength. In the general
thermosetts, if tensile strength increased, impact
strength decreased and Tg value increased due to the
high crosslink density. But this system was not and it
can be explained by the increasing number of side
chains. For, Tg is the temperature at which the end

chains of the polymer can be movable.
4. Conclusions

From these results, the following conclusions were ob-
tained.

1. Cure rate of the system increased with the

addition of PGE-AcAm. The acceleration effect of
PGE-~AcAm was explained by the role of hydroxyl
group.

2. When 5 phr of PGE-AcAm was added, tensile
strength was improved about 15% and after that phr,
the value was almost constant without dependence of

PGE-AcAm content. However, impact strength de-

- creased with the increment of PGE-AcAm.

3. With the addition of PGE-AcAm, the fracture
surface had wider mirror zone and more brittle parabol-

ic marking region.
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