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The memory shape materials seem to be extremely promising materials for medical applications especially
as inserts to support the muscular system. In the case of memory shape polymers a supplementary issue
is related to their bio-compatibility such as they can be rejected by the organism even their properties are
fitting the requirements. Present study started from the hypothesis that mixing the epoxy resin with other
polymers some valuable materials could be obtained especially for energy storage. The epoxy resins possess
extraordinary properties (relatively to other thermoset polymers) but they also show an excellent stability
that generates problems when this type of materials should be neutralized. Epoxy resins also show low
water or other liquids absorption due to their low porosity and they cannot be used for energy storage
applications when mobility of charge carriers is ensured by liquid phase. A polymer with high porosity used
for membrane formation is the polysulfone and, in this regard, tests were performed to analyse the ways to
mix an epoxy resin with polysulfone. The idea had generated a study regarding the properties of such a
mixture together with the condition that had to be reached to successfully get the mixture. Low-polar
solvent solution of polysulfone had been obtained with 1-methyl-2-pyrrolidinone. After compatibility tests,
15 and 20% of this solution was added to the components of the epoxy systems -with the epoxy resin -and
formed materials were analysed by mechanical means-compressive and three-point bending - the surprise
was that some materials had showed memory shape properties.
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Memory shape materials used in medical devices need
to be evaluated for material characteristics including the
mechanical properties. Polysulfone is an engineering
polymer with high thermal, oxidative and hydrolytic stability.
It is a transparent, amorphous polymer with high strength
resistance [1, 2]. However, as new applications continue
to emerge, the properties of the polysulfone need to be
modified appropriately. One approach to achieving that
goal is through blending with other polymers, both
thermoplastics and thermosets [3]. During the past
decade, smart materials and structures or intelligent
material systems have received increasing attention
because of their great scientific and technological
significance [4, 5]. Shape-memory materials are one of
the major elements of intelligent/smart composites
because of their unusual properties, such as the shape-
memory effect, or large recoverable stroke (strain), high
damping capacity and adaptive properties which are due
to the (reversible) phase transitions in the materials [6].
Shape-memory polymers possess the ability to memorize
a permanent shape that can substantially differ from their
initial temporary shape [7]. However, their recovery can
be triggered by various external stimuli, such as heat [8],
light [9], electricity [10], magnetic field or solution [11].
The shape memory effect is caused by the transition of a
crosslinking polymer from a state dominated by entropic
energy (rubbery state) to a state dominated by internal
energy (glassy state) as the temperature decreases [12]
and is maintained by covalent netpoints (for polymer
networks), or by the phase of high thermal transition (for
thermoplastic elastomers) [13]. It will not be an
exaggeration to say that the appearance of the shape-
memory effectin polymers is one of the revolutionary steps
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in the field of active materials research [14]. A variety of
shape memory polymers have been invented and well-
documented in the literature, while presently new ones
keep on emerging every week, if not every day [15-17].
Traditionally, a shape recovery thermo-mechanical cycle
consists of on a set of steps as illustrated in figure 1. These
materials have several advantages: high elastic
deformation (strain up to more than 200% for most of the
materials), low cost, low density, and potential bio-
compatibility and bio-degradability. They also have a broad
range of application temperatures that can be tailored,
tunable stiffness, and are easily processed [18]. Like in
other fields of applications, they have been proved to be
suitable substitutes to metallic ones because of their
flexibility, bio-compatibility and wide scope of
modifications [19, 20]. Owing to their superior mechanical
properties, ease of processing, and excellent chemical
resistance, epoxy based polymers have been widely used
as structure, coating, and adhesive materials in many
demanding applications [21]. The use of epoxy polymers
as functional materials, however, remains rather rare.
Specifically for the shape memory effect of epoxy
polymers, only sporadic examples have been mentioned
in the literature [22-25].

We report a novel type of polymer blends very simple to
fabricate for good shape memory properties. This blend
consists of mixing several components in different
concentrations: solution of polysulfone in 1-methyl-
2pyrrolidinone and this solution into epoxy systems, in order
to overcome the mechanical weakness of the materials.
The objective of this study is to gather valuable scientific
results regarding tested materials through the mechanical
properties-compressive and three-point bending.
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Experimental part

Getting improved properties of polymeric composites
involve several stages: establishing the polymer matrix and
the additive type, choosing the formation process and also
the type of tests to which materials will be subjected of.
Polysulfone in 1-methyl-2pyrrolidinone had been mixed
with the components of the epoxy systems - after
compatibility tests of 1-methyl-2pyrrolidinone with the
epoxy resin. Low-polar solvent solution of polysulfone had
been obtained as follows: 25% polysulfone and 75%1-
methyl-2pyrrolidinone. After compatibility tests, 15 and 20%
of this solution was added to the components of the epoxy
systems.

Two epoxy systems were chosen mostly because of
their different bisphenol A content, namely Epoxy Resin C
(R&G Gmbh Waldenbuch) and Epoxy Resin HT2 (R&G
Gmbh Waldenbuch). These two polymers have different
gel time and different brittleness. Blending tests of
polysulfone solutions with other epoxy resins were
developed also for EPIPHEN RE402-DE4020 epoxy system
but, in this case the results were not promising due to
flexibility of epoxy resin and its gel time. Bending and
compression tests were applied to samples. The
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Fig. 2. Compressive specimens images: a. before compressive

testing; b. immediately after compressive test; c. after 30 MINof
compressive testing.
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Fig.3. Three-point bending test images.
a-specimen during three-point bending test,
b - specimens before testing, ¢ —-specimens immediately after
testing, d - specimens a few hours after three-poin bending tests
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STEP 4

Fig.1.Schematic of the idealized thermo-
mechanical cycle leading to unconstrained
strain recovery for a shape memory polymer
8l
Recovered

Shape

experimental equipment used in this study was an Instron
8850 Testing Instrument. Measurements on this equipment
viewed compressive and bending mechanical properties
of materials. The applied load was 2kN for bending and
25kN for compression test. Compressive testing is a very
common testing method that is used to establish the
compressive force or crush resistance of a material and
the ability of the material to recover after a specified
compressive force is applied and even held over a defined
period of time (fig.2).

Results and discussions

For polymer blends obtained between the two epoxy
resins and polysulfone solution breaking forces could not
be considered authentic because these materials have a
very special behavior, therefore they do not break during
the three-points bending tests. So it may be said that these
materials are extremely flexible ones. Besides the fact that
these materials do not break during bending tests, they
have a distinctive feature, namely shortly after bending
tests they return to original form. In figure 3 it can be seen
that after just 10 min the material recovers 90%, and after
a few hours specimens possess traditional form.

Figure 4 shows Elasticity limit measured by compression
for Cand HT2 epoxy resins. Elasticity limit is the maximum
stress or force per unit area within material that can arise
before the onset of permanent deformation. So, for 15%
polysulfone solution in 1-methyl-2pyrrolidinone for both C
and HT2 materials, the elasticity limit marks the end of
elastic behavior and the beginning of plastic behavior for
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Fig.6. Compressive load-deformation diagram for C epoxy system
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Fig.7. Compressive load-deformation diagram for HT2 epoxy

system
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Fig.8. Elasticity limit- Bending

only 1500N. It is obviously that maximum elasticity limit at
compressive is achieved for HT2 epoxy resin. The
compression elastic modulus of the formed materials is
illustrated in figure 5. It might be concluded that the higher
value is reached also for HT2 epoxy resin. The samples
return to their original shape after the load is removed.

With the increase of solution of polysulfone
concentration the elasticity limit measured during three
point bending tests of the materials correspondingly
decreased (fig.8). Analyzing the bending elastic modulus
(fig.9) it might be noticed that the polysulfone solution ratio
has a considerable importance, because with increasing
its ratio, the bending elastic modulus decreases. As it can
be observed fromFIGURE 10 and figure 11, for bending
tests, the epoxy resins modified with low-polar solvent
solution of polysulfone have a rubber-like behavior. The load
rises to the maximum point with a sigmoidal relationship
to the deformation. The rupture does not occur.

Conclusions

Besides the fact that these materials did not break during
three-point bending tests, they have a particular
characteristic, namely that when the stress is removed
the material returns to the dimension it had before the load
was applied. Moreover, materials formed with C and HT2
resins, after bending tests does not show evidence of local
plastic deformation or any sign of damage. The shape
recovery after bending, shown in figure 3 is the most
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Fig. 10. Bending load-deformation diagram for C epoxy system
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Fig.11. Bending load-deformation diagram for HT2 epoxy system

probably related to entropy-elasticity of polysulfone in 1-
methyl-2pyrrolidinone solution. In the case of compression
tests, for both types of materials (C based or HT2 based)
some cracks are developed along the loading direction
but, as in the case of bending tests, after a while the samples
are recovering their initial shape. More studies related to
these two materials have to be designed and developed
such as to characterize their memory shape features, and
an important one is to identify the external factors that
may influence the shape recovery.
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