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INTRODUCTION

The materials used in all fields of engineer-
ing are one of the fundamental achievements of 
the human civilization. Over the last few decades, 
there has been a rapid development in the ma-
terials science [1–2]. The availability of a great 
number of modern construction materials poses 
new challenges to engineers. They must know 
the entire spectrum of materials and their poten-
tial applications in order to optimally use them in 
structures. Moreover, these structures must meet 
certain operational, economic and technological 
requirements [3]. When working on a project, the 
designer should conduct a thorough analysis of 
materials in terms of their mechanical properties, 
price and technological features. For this reason, 
the correct selection of materials depends on the 
knowledge and understanding of the methods for 
shaping their properties [4], the material constants 
defining their characteristics, the changes in their 
properties due to shaping, joining and finishing 
them, as well as the limitations regarding their 

use. The basic classification of modern engineer-
ing materials is given in Figure 1. 

A new group of the so-called “smart materials” 
has been developed since about 1980. Despite the 
dynamic development of this type of materials, 
researchers have not managed to establish an of-
ficial definition of intelligent materials. Different 
names have been given to these materials, such 
as intelligent materials, smart materials, adap-
tive materials, and even multifunctional materials 
[5, 6]. A review of the literature demonstrates that 
one can distinguish the following intelligent ma-
terials: shape-memory metal alloys, piezoelectric 
ceramic materials, electro- and magnetorheologi-
cal fluids, magnetostrictive materials, as well as 
shape-memory polymers, piezoelectric polymers, 
conductive polymers, ionic gels, polymer com-
posites and nanocomposites.

The new polymeric materials can change 
their physical or chemical properties, depend-
ing on how much they were exposed to external 
factors, such as temperature, humidity, pressure, 
magnetic field and electric. The type, chemical 
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composition, structure as well as external factors 
e.g. during the polymerization process, can cause 
the materials change their shape, size, color, and 
the electrical, magnetic or thermal conductivity 
[7]. The factors causing the structural changes in 
intelligent polymer materials can be divided into 
three groups (Fig. 2): physical (temperature, ultra-
sounds, light, mechanical stresses), chemical (pH 
and ionic strength) and biological (enzymes) [8].

The following part of the work presents a 
short review of the literature on shape memory 
polymers (SMP). The mechanism and course of 
the shape-memory effect in this type of materi-
als was characterized. Shape-memory polymers 
(SMPs) have gathered attention from not only 
academic, but also industrial researchers, because 
of their usefulness and functionality. The poly-
mers with shape memory present a significant 
prospects for a variety of applications.

The design of intelligent materials is based 
on the knowledge of both materials science and 
exact sciences (physics, chemistry, mathematics). 
The development of intelligent materials is aimed 
at creating the materials with specified functional 
features. It is claimed that the materials of this 
type are crucial for the development of many 
fields of technology, in advanced and everyday 
technologies alike. Smart materials can be used 

alone or as components of other construction ma-
terials. Many research centers and industrial re-
search and development units in Poland and all 
over the world are conducting the experiments 
and research focused on the production and prac-
tical applications of new materials. 

Smart polymers (SP) and their applications 
are becoming increasingly significant. Over the 
twenty to thirty years one could witness an ex-
plosive growth in the subject [9]. Intelligent poly-
mer materials can be classified depending on their 
properties, as shown in Figure 3. 

Shape memory polymer

There is currently an active search for shape 
memory polymers as, unlike metals with shape 
memory, they are lightweight, cheap, resistant to 
large deformations, have good shape recovery ca-
pabilities, are easy to process and program repeat-
edly, as well as allow controlling their response 
time to stimulus and time of use. Furthermore, it is 
possible to dye them and by slight modification of 
their composition the temperature of shape change 
can be affected. However, compared to alloys, poly-
mers are characterized by low stress transfer levels. 
Figure 4 shows the schematic representation of four 
steps of the shape memory effect in SMPs [10–16]. 

Fig. 1. Classification of engineering materials
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Example of a creation of smart utilities 
in polymeric material composition

The use of shape memory polymers in new 
technical solutions requires determining the 
parameters of the ability to recover the shape, 
adjust the shape, as well as examining their 
properties under various working conditions. 
The subject of the study was a beam made of 
polymeric material made of a single poly-
mer and two polymers. In the latter case, both 

materials at the phase boundary were coherently 
connected. A traditional polymer and new poly-
mer compositions were used to make both the 
samples and individual layers. The aim of the 
study was to determine the changes in the dis-
placement value of a movable beam element in 
relation to a fixed straight section under condi-
tions of ambient temperature change, in regards 
to the type of material, thickness of wall and of 
individual layers of the tested samples. 

Fig. 2. Stimuli-Responsive Smart Polymer Materials 
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MATERIALS

A well-known and frequently used thermo-
plastic polypropylene (PP) material with the trade 
name Malen P J-400 produced by Petrochemia 
Płock S.A. was used in the research. The basic 
application of this material is the production of 
injection-molded products for technical applica-
tions and consumer goods, e.g. household appli-
ances, garden furniture, disposable syringes, de-
tails for the automotive industry, etc. In order to 
make an additional layer, a polymeric composite 
obtained from a mixture of polypropylene with 
an additive reducing the plasticizing temperature 
was used. This material exhibited the following 
properties: density at 21°C – 1130 kg/m3, tensile 
strength – 11 MPa, flexural modulus – 350 MPa, 
elastic modulus – 175 MPa, and characteristic op-
timum activation temperature – 65°C.

Test site and methodology

Arburg’s Allrounder 320C twin-socket screw 
injection molding machine was used to produce 
the polypropylene samples for the production of 
beam-shaped samples. The mold used had a flow 
system with cold channels. In the first stage poly-
propylene was injected, whereas in the second 
one, after turning the tool with the injection point, 
the second type of plastic (a polymer composite) 

with an additive reducing the plasticizing temper-
ature was injected again. Three types of samples 
were used for experimental studies: the first one 
was made of a single plastic (polypropylene and 
a composition of polypropylene with an additive) 
and the next two were a combination of two ma-
terials differing in layer thickness. Additionally, a 
groove was made on the samples using the cold 
pressing method (Fig. 6). The polymers and their 
thermal properties were researched using differ-
ential scanning calorimetry (DSC). The Netzsch 
DSC 204 calorimeter (Germany) in a dynamic 
mode was used to obtain calorimetric measure-
ments. Dynamic scans were performed at a heat-
ing rate of 10 K min-1, with temperatures ranging 
from room temperature to a maximum of 550°C 
in the atmosphere of nitrogen (30 ml min-1). The 
sample mass was ~10 mg. As a reference, an emp-
ty aluminum crucible was used. The displacement 
tests were carried out with the use of a thermal 
chamber with a range of temperatures from 0 to 
300°C. The temperatures at which the deforma-
tion / displacement of the samples (Fig. 5) was ob-
served ranged from 20°C to 100°C, respectively. 

Results of the research and their analysis

The examples of DSC thermograms for poly-
propylene and polypropylene compositions with 
additive during cooling and heating are presented 

Fig. 3. Classification of smart polymer materials, depending on their properties 



Advances in Science and Technology Research Journal  Vol. 14(4), 2020

100

in Figures 6 and 7. Endothermal peak on the melt-
ing curve corresponding to the melting point of 
polypropylene occurs at 115.9°C and the enthalpy 
change in the melting process is 122.6 J/g (Fig. 6). 

The DSC curve is presented in Figure 7. On 
the curve, two endothermic effect are visible. 
First endothermic effect (temperature range: 50 – 
90°C; a maximum of 71°C ) is probably connect-
ed with a softening polymer effect. The second 
endothermic effect in the range 380 – 460 °C (the 
maximum of 427.9 °C) corresponds to the total 
thermal degradation of the aromatic part of the 
studied polymer [17, 18]. 

Figure 8 shows the specimens that have been 
heated at 60°C and 100°C. The graphical displace-
ment of the tested samples is shown in Figure 9. 
A constant temperature increase and mechanical 
cold plastic deformation did not affect the sam-
ples made of pure polypropylene in any way. In 
the samples consisting of two layers of materials, 
a significant displacement of the movable arm of 
the beam with arm L1 was observed. 

The changes in the displacement values of 
the moving part of the sample for mono-polymer 
and duo-polymer, differing in the layer thick-
ness are shown on diagrams 10 and 11. While 

Fig. 6. DSC thermogram: polypropylene: 1 – melting curve, 2 – crystallization curve

Fig. 4. Four steps of the shape memory effect [14]

Fig. 5. General appearance of the samples used in the tests
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analyzing the obtained results, it can be stated 
that the assumed smart features of the new prod-
uct were obtained. The samples consisting of 
single layers of two different plastics behaved 
differently. In order to gather the displacement 
of the sample arm from polypropylene, a tem-
perature of about 93°C was needed, while in the 
case of polypropylene copolymer with touch de-
creasing the plasticization temperature – a tem-
perature of 59°C was sufficient. 

In the case of the products with the lay-
ers made of two different materials, it was no-
ticed that the layers of smaller thickness caused 
greater deformation, at lower temperatures 

– displacement of the L1 arm in a shorter time. 
The maximum displacement value for PP+ PP 
combination with additive was observed in the 
tested samples at the temperature of 72°C and 
in the case of greater thickness, the value of the 
temperature at which the highest displacement 
was obtained was 100°C.

CONCLUSIONS

The development of intelligent materials is 
aimed at creating the materials with specific new 
functional features. The engineers and designers 

Fig. 8. The appearance of the samples used in the test after being heated at 60°C and 100°C

Fig. 9. A diagram presenting the displacement of the movable arm in relation of the rest of the beam

Fig. 7. DSC thermogram of a polymer composition obtained from a mix-
ture of polypropylene with a plasticizing temperature reducing additive
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can use these materials in a wide spectrum of ap-
plications. A further increase in the number of 
“smart” devices made of “smart” materials that 
will be increasingly tailored to the needs of users 
by making them more functional and user-friend-
ly can be expected in the coming years.

On the basis of the research above, the follow-
ing conclusion can be drawn. The materials pre-
sented in the research can be modified relatively 
easily to obtain “smart material” features. In this 
case, the movable and fixed arm beam can be used 
for switches or contactors where the use of tradi-
tional contactors made of metal components that 
react to the temperature changes is not possible.

By selecting the right materials and compos-
ing their layers, as well as the length of the arm 
of the switch and disconnected, it is possible to 
precisely adjust the temperature value at which 
a specific displacement value is obtained. When 
the temperature changes, the material reacts in a 
defined way, triggering a switch-off or switch-on 
mechanism.
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