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The paper studies the heat storage materials (HSM) shrinkage curve from the temperature obtained by mix-
ing liquid and solid paraffins, which is markedly different from the heat release curve. It is shown that the sum of
enthalpy of melting and phase transition in the crystalline state thermal storage materials based on paraffin depends
on: the width of the fractional composition HSM and purity in content of n — alkanes; the fractional part HSM; from
the content of the number of even and odd n — alkanes and their relationships. The shrinkage of the developed HSM
during crystallization and expansion during melting, depending on the temperature, is studied. The dependence of
shrinkage HSM on temperature is obtained and their shrinkage coefficients on temperature are analyzed. It was
found that HSM-25-3 has several shrinkage peaks and two heat release peaks during crystallization and phase transi-
tion. This is a feature of the chemical compound of commercial paraffin, which is related to the group of complex
hydrocarbons and n-alkanes. The study of shrinkage of the developed heat storage materials allowed us to study
the dependence of the shrinkage coefficient on temperature. The dependence of the shrinkage coefficient of the heat
storage material HSM-25-1, obtained by mixing n-alkanes mainly C H,, and C,H,., on temperature is similar to
the shrinkage dependence when a mixture of odd (C,,H, ) and even (C, H,,) n-alkanes has two shrinkage peaks, and
the resulting HSM-25-1 has four shrinkage peaks. The total shrinkage during crystallization and phase transition is
9.56 % of the volume.
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The demand for clean energy all around
the world is constantly growing due to the
rapid growth of the economy and the standard
of living. The construction industry, which is
the main consumer of material and energy re-
sources, has a great prospect for the develop-
ment of innovative energy-saving and thermal-
ly efficient building materials [1-3]. Over the
past decades, a lot of literature has appeared
on materials with phase change and hidden
methods of storing heat used in construction.
Accordingly, it is important to analyze the data
of recent years in order to learn more about the
application of materials with a phase change in
construction. An overview of the application
of materials with phase change in construc-
tion is considered in several aspects, such as
basic materials for phase change in buildings,
applications of materials with phase change,
thermal properties of the phase transition of
materials and the effects of using such mate-
rials. Materials with phase change as thermal
energy storage systems are potential because
of their thermal mass and thermal comfort.
These materials for hidden heat storage have
an extremely high energy storage density than
conventional materials. Recently, in the whole
world, in the building fencing industry, micro-
encapsulation technologies of finely dispersed
heat-accumulating materials in composites
have been leading to create a large surface area
for improving heat transfer [4, 5]. Heat supply
systems in residential and public buildings dif-
fer in the periodic nature of the heat source. At
the same time, the air temperature in the prem-
ises can fluctuate within 3.5 °C due to the ther-

mal inertia of the building envelope structures.
However, the maximum energy consumption
is in the daytime, when a comfortable tempera-
ture is set (20-22°C). In this case, there is a
need to obtain heat storage materials (HSM)
with a melting point close to 25°C, for use in
the enclosing structures of buildings to regu-
late heat in their premises [6].

Therefore, a very urgent task is to develop
heat storage materials based on commodity
paraffins for enclosing structures of buildings
with specified thermal properties.

Currently, installations for heat storage
are widely used in various branches of science
and technology and in everyday life. They are
used in heat power engineering, construction
for efficient use of thermal energy and heat
storage from solar radiation, to reduce ener-
gy consumption.

Thermal storage plants use natural inor-
ganic and organic materials that accumulate
heat. Inorganic materials include salts and their
solutions, crystallohydrates, various metals,
and organic materials include solid paraffins,
ceresines and n-alkanes [7-9].

Much attention is paid to the operation of
heat-accumulating material in heat accumula-
tors due to the property of shrinkage.

Commodity paraffins in the crystallized
state are a solid mass and when they are filled
with heat accumulators, various heat storage
devices with subsequent melting of paraffin,
its volume increases. Different expansion of
the heat storage material may cause an increase
in pressure in the sealed heat accumulator. It
is known that the pressure increase in the heat
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accumulator with heat-accumulating materi-
als based on commercial paraffins can reach
10...50 MPa [8, 9]. But it should also be noted
that an increase in the pressure in the heat stor-
age device or apparatus causes an increase in
the melting temperature THERE by several de-
grees [10-12]. In this regard, when choosing a
heat storage material for heat accumulators and
evaluating the pressure that develops during
filling in the solid state and subsequent melt-
ing of the material, it is necessary to evaluate
the shrinkage and expansion of the heat storage
material during operation.

Purpose of the study — develop and inves-
tigate the thermophysical properties of heat
accumulating materials based on commercial
paraffins produced in the industry for building
envelope structures.

Material and methods of research

The melting and freezing characteristics
of phase transitions of heat-collecting materi-
als include the changes that these materials ex-
hibit during heating and cooling, for example:
melting and freezing ranges, melting congru-
ence, nucleation characteristics, melt cooling,
and resistance to thermal Cycling [7]. Thus, in
order to ensure the long-term operation of the
hidden heat storage, it is necessary to thorough-
ly know the nature of melting and freezing of
substances that generate melting heat, in par-
ticular, their defrosting as a result of repeated
melting and freezing of these substances. The
methodology of scientific research is based on
the development of methods for obtaining heat
storage materials based on commercial paraf-
fins by mixing components, in obtaining HSM
with specified thermal characteristics, studying
the component composition, physical, chemi-
cal and thermal properties of their properties,
in the study of their operational properties. The
developed heat storage material based on com-
mercial paraffins is obtained by mixing the ini-
tial liquid and solid paraffins in different mass
fractions. Determination of the mass fraction
of mixing of the initial liquid and solid paraf-
fins was performed in accordance with the rec-
ommendations of [13]. Mixing of commercial
liquid and solid paraffins and their fractions
was performed at a temperature of 40-50°C
and thorough mixing of the composition with
a mixer in laboratory conditions. The exact
fractional composition of solid paraffins was
determined by gas chromatographic analysis
on the gas chromatography-mass spectrometer
GGMS-QP 2010Ultra, and liquid paraffins on
the liquid chromatograph LC-20P (Japan) on
the basis of the Testing regional laboratory of

engineering profile “Structural and biochemi-
cal materials” of the Auezov University.

Research results and discussion

Phase-transitive  heat-storage materials
(HSM) based on commercial paraffins and
other hydrocarbons have the ability to multi-
pass from one phase to another through sev-
eral cycles of melting and crystallization, while
maintaining their original characteristics while
remaining inert to any materials. In this re-
gard, these materials are successfully used in
the construction industry as heat-accumulating
materials with a melting point above 50 °C.

Paraffins and n-alkanes in the liquid state
are low-viscosity transparent liquids with a
relative density in the range of 750-800 kg /
m3. Due to shrinkage, paraffins and n-alkanes
in the crystalline state are solid substances with
a density of 860-900 kg / m3 [14-16].

According to the method, the developed
heat-accumulating material based on commod-
ity paraffins will be obtained by mixing the ini-
tial liquid and solid paraffins in different mass
fractions. Determination of the mass fraction of
mixing of the initial liquid and solid paraffins
was performed in accordance with the results
of the research [17]. According to the results
of [18], it is recommended to mix n-alkanes of
the neighboring series, since in this case the
difference in their melting temperatures will
be the smallest. For example, by mixing indi-
vidual n-alkanes C,(H, with a melting point of
32°C and n-alkane C, H,, with a melting point
of 36.7°C in a ratio of 33.1:66.9, a heat-accu-
mulating material with a melting point of 35°C
can be obtained [6].

Figure 1 shows the shrinkage curves of
HSM-25-3 obtained by mixing commercial
liquid and solid paraffins.

The graph in figure 1 shows that there are
four main shrinkage peaks in HSM-25-3 com-
pared to the graphs of the shrinkage depend-
ence on the temperature of individual n — al-
kanes in accordance. This is due to the fact
that at 25 °C, when this heat storage material is
cooled, a number of hydrocarbons simultane-
ously crystallize. It should be noted that the to-
tal value of the thermal effect of HSM-25-3 is
noticeably lower than that of a mixture of indi-
vidual n-alkanes with the same melting point.

This is due to the complexity of the chemi-
cal composition of commercial paraffin, which
contains along with n-alkanes hydrocarbons
of other groups [7], it is believed that these
hydrocarbons have a significantly lower melt-
ing point compared to individual n-alkanes.
In addition, some of these hydrocarbons may
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not crystallize during cooling, forming a sol-
id crystalline mass. For these HSM-25-3, the
shrinkage during crystallization was 9.02 % of
the volume, during the phase transition to the
crystalline state — 0.77% of the volume, and
the total shrinkage was 9.79 % of the volume.

Hence, it can be concluded that the width
of the fractional composition of heat stor-
age material significantly affects the shrink-
age of HSM-25-3: it does not change for the
phase transition, and it decreases slightly dur-
ing melting.

Comparison of data on shrinkage of devel-
oped heat storage materials obtained by mixing
n-alkanes HSM-25-1 and HSM-25-2 and mix-
ing liquid and solid paraffins HSM-25-3 shows
that HSM-25-1 and HSM-25-2 have higher
shrinkage values than HSM-25-3.

Hence, it can be concluded that the width
of the fractional composition of the heat stor-
age material does not affect the shrinkage dur-
ing the phase transition and has little effect on
their shrinkage during melting.

The results of the shrinkage study of the
developed heat storage materials are shown
in table.
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To assess the relationship between heat
release during crystallization and phase tran-
sition and shrinkage, figures 2, 3 and 4 show
their temperature dependences for HSM-25-1,
HSM-25-2 obtained by mixing individual n-
alkanes and HSM-25-3 obtained by mixing
liquid and solid paraffin.

Comparison of graphs of the depend-
ence of the heat capacity and the shrinkage
curve on the temperature of HSM-25-1 and
HSM-25-2 obtained by mixing individual n-
alkanes (fig. 2 and 3) shows that the shrinkage
curve is similar to the heat release curve.

The shrinkage curve of HSM-25-3 obtained
by mixing liquid and solid paraffins differs
markedly from the heat release curve (Fig. 4).
In the graphs of the figure, you can see that
HSM-25-3 has several shrinkage peaks and
two heat release peaks during crystallization
and phase transition, i.e. it should be noted
that the shrinkage coefficient curves and the
heat release graphs do not coincide. This is
due to the complexity of the chemical compo-
sition of commercial paraffin, which contains
along with n-alkanes, hydrocarbons of other
groups [7].
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Fig. 1. Graph of the dependence of the shrinkage coefficient HSM-25-3 obtained by mixing commercial

liquid and solid paraffin from the temperature

Shrinkage values of heat storage materials HSM-25-1, HSM-25-2 and HSM-25-3 [6]

HSM Melting shrinkage by volume, %
point, °C | at phase transitions | during crystallization | amount of shrinkage during
melting and phase transition
HSM-25-1 25 1,39 8,17 9,56
HSM-25-2 25 1,41 8,6 10,01
HSM-25-3 25 0,77 9,02 9,79
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Fig. 2. Graphs of the dependence of the shrinkage coefficient and heat capacity HSM-25-1 on the temperature
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Fig. 3. Graphs of the dependence of the shrinkage coefficient and heat capacity HSM-25-2 on the temperature
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Fig. 4. Graphs of the dependence of the shrinkage coefficient and heat capacity HSM-25-3 on temperature
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Conclusion

The shrinkage dependences on the tem-
perature of individual n-alkanes in HSM-
25-3 obtained by mixing liquid and solid par-
affins have three (four) shrinkage peaks. This
is explained by the fact that at 25 °C and when
this heat storage material is cooled, a number
of hydrocarbons simultaneously crystallize. it
should be noted that some results are similar
to other studies by other authors [7], for exam-
ple, the identity of the values of the released
thermal effect of HSM-25-3 is significantly
lower than that of other mixtures of individual
N-alkanes, while the melting point is identical.
this is an indication of the values of the most
heat-accumulating materials by features in mi-
crokilograms of the same melting point, which
is explained by the complexity of the chemi-
cal compound of commercial paraffin contain-
ing hydrocarbons of other groups along with
n-alkanes.

For HSM-25-3, the shrinkage during crys-
tallization was 9.02% of the volume, during
the phase transition to the crystalline state —
0.77% of the volume, and the total shrinkage
was 9.79 %.

The work was carried out within the frame-
work of the grant project AR05030618, funded
by the Ministry of education and science of the
Republic of Kazakhstan.
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