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The rational selection of the components of thermal-storage composite ma-
terials with phase change (PCMs) based on industrial paraffin wax (PW) 
and carbon nanostructures (CNS) will help to improve the efficiency of the 
thermal-storage systems. An experimental setup of a new design for 
measuring the caloric properties of the composite PCMs was created. Its 
main advantages are simple design, low cost and the possibility of samples 
visualization during the experiment. The setup applying is appropriate for 
estimation of the expediency of further composite PCMs’ studying. The 
objects of experimental study are as follow: industrial PW with a melting 
point of 53.5С, PW containing 0.000936 gg

1 of fullerene C60, and PW 
containing 0.111 gg

1 of expanded graphite (EG). The EG in PW contrib-
utes to a slight decrease in temperatures of phase-transition start and fin-
ish (0.5–2.0C); the presence of C60 does not influence these parameters. 
The phase-transition total enthalpy for PW/EG is by 15–21% less, and 
for PW/C60 is by 7–16% higher than for PW. The EG presence contrib-
utes to decreasing the heat capacity of PW liquid phase by 10–16%; op-
positely, the 7–15% increase is observed at C60 presence in PW. The ob-
tained effects can be explained by both the presence of CNSs themselves 
and the structural changes in PW caused by CNSs. The obtained results 
have established the expediency of further studies of the composite 
PW/CNSs PCMs to confirm the obtained effects for PW/C60 and to find 
the rational content of EG in PW/EG. 

Раціональний вибір компонентів композитних термоакумулювальних 
матеріялів (ТАМ) із фазовим переходом на основі технічного парафіну 
(ТП) та вуглецевих наноструктур сприятиме підвищенню ефективности 
термоакумуляторів. Запропоновано нову конструкцію експерименталь-
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ної установки для міряння калоричних властивостей композитних 
ТАМ з фазовим переходом, яка вирізняється простотою конструкції, 
низькою вартістю та можливістю візуального спостереження за дослі-
джуваним зразком. Застосування установки доречно для оцінювання 
доцільности подальшого вивчення композитних ТАМ. Об’єктами екс-
периментального дослідження були: технічний парафін з температурою 
топлення у 53,5С, парафін із вмістом 0,000936 гг

1 фуллерену C60 і 
парафін із вмістом 0,111 гг

1 терморозширеного графіту (ТРГ). Прису-
тність ТРГ в парафіні сприяє незначному пониженню температур поча-
тку та кінця фазового переходу (0,5–2,0С); присутність C60 практично 
не впливає на ці параметри. Повна ентальпія фазового переходу для 
ТП/ТРГ була на 15–21% меншою, а для ТП/C60 — на 7–16% вищою, 
ніж для ТП. Присутність ТРГ сприяє пониженню тепломісткости рідкої 
фази парафіну на 10–16%, присутність С60 — збільшенню тепломістко-
сти на 7–15%. Одержані ефекти можуть бути пояснені як присутністю 
самих вуглецевих наноструктур, так і зміною структури парафіну через 
їхню присутність у парафіні. Показано доцільність подальших дослі-
джень композитних ТАМ на основі парафіну та вуглецевих нанострук-
тур задля підтвердження одержаних ефектів для PW/C60 і з метою по-
шуку раціональної концентрації ТРГ у ТП/ТРГ. 
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1. INTRODUCTION 

Thermal energy storage (TES) systems with phase change materials 
(PCMs) have drawn considerable attention from scientists last dec-
ade. TES systems with PCMs can absorb/release a large amount of 
heat within the operating temperature range due to the phase tran-
sition. Consequently, such systems can help address the mismatch 
between the energy incoming into the heat power systems and heat-
energy output demand. Eliminating in/out energy mismatch is of 
prime importance to improve renewable energy utilization rate. 
 ТES systems based on paraffin wax (PW) have great prospects 
for heating and hot water supply systems [1]. However, the low 
thermal conductivity of PW restricts its thermal performance and 
limits its large-scale applications. Adding a suitable proportion of 
high thermal conductivity components into the PW can enhance the 
heat transfer rate, and thus, improve the thermal efficiency of the 
whole TES [2, 3]. 
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 Expanded graphite (EG) and fullerene C60 are promising CNS for 
thermal conductivity enhancement. EG is highly thermally conduc-
tive and has a porous structure, making it an ideal candidate for 
the shape stabilization of PCMs [2]. At the same time, the use of 
C60 as a component of PCM is of aroused interest, since it was 
shown that a small portion of C60 significantly increases the thermal 
conductivity of PW [4]. In addition, C60 is contained in saturated 
hydrocarbons of high molecular mass (paraffin) in dissolved state 
simultaneously as small nanoparticles and large molecules without 
aggregation and precipitation [5]. 
 There are quite a lot of papers dedicated to the measurement of 
the composite PCMs thermal conductivity but there are no studies 
of its caloric properties. For example, in Ref. [6], the effect of EG 
granules size on the structure and thermal conductivity of PW/EG 
was investigated. A thermal conductivity enhancement of up to 
1695% compared with the PW was observed for the PW containing 
large EG particles vs. 340% for the fine EG particles. Regardless of 
the obtained excellent effect on thermal conductivity, the effect on 
the phase transition heat has not been studied. At the same time, 
the conclusion on the expediency of the studied PCMs in the indus-
try can be obtained only after its thermal storage capacity studying. 
 Analysis of many studies shows that the presence of the solid 
components in composite PCMs with phase transition contribute to 
reducing their specific heat capacity and phase transition enthalpy 
(the latent heat of fusion) [2, 7, 8, 9, 10]. This effect is undesirable 
for TES systems. For example, in Ref. [7], it was shown that latent 
heat of fusion of the composite PCM with PW (92.2, 90.0, and 88.7 
vol.% of PW) decreases with EG volume fraction increase. In Ref. 
[8], the EG (15 wt.%) was applied to support n-eicosane (paraffin 
C20) via vacuum impregnation. The DSC analysis indicated that the 
n-eicosane/EG has latent heat values of 199.4 Jg

1 for melting and 
199.2 Jg

1 for freezing, exhibiting a large thermal storage capaci-
ty. The thermal conductivity of the composite with 15 wt.% of EG 
is 14.4 times more than that of pure n-eicosane, and the heating 
and cooling curves confirmed that the EG has substantially im-
proved the thermal transfer rate of samples. Although the latent 
heat values for composite PCMs were obtained, it was not noted 
how these values decreased compared with the pure n-eicosane. The 
effect of the 2 wt.%, 4 wt.%, and 6 wt.% of EG (FireCarb TEG-
315—A-type and FireCarb TEG-160—B-type) on the total heat stor-
age capacity due to the phase transition of PW (melting tempera-
ture range of 53–57C) were studied in [9]. The total heat storage 
capacity (differential scanning calorimeter) for PW is 144 Jg

1 vs 
136 Jg

1 for A-type PW/EG. At the same time, the total heat stor-
age capacity for B-type PW/EG varies between 140 and 154 Jg

1. 
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This result is very promising for industrial applications. 
 The express study of the effect of various PCM components on 
caloric properties of promising composite PCMs is greatly important 
during their full-scale studying. The purpose of this study was to 
create the setup for express analysis of the caloric properties of 
composite PCMs and to investigate the effect of CNSs in PW on its 
specific isobaric heat capacity and the phase transition total enthal-
py to analyse the expediency of application of the considered com-
posite PCMs in TES systems. A rational selection of the PCMs com-
ponents will contribute to an increase in the reaction rate of the 
system to thermal influences and, thus, to an increase of the overall 
efficiency of the TES systems [11]. 

2. MATERIALS AND OBJECTS OF STUDY 

The following materials were used to prepare the composite PCMs: 
 — paraffin wax (PW) (industrial grade Т-3, melting temperature 
53.5С, produced in Poland); 
 — fullerene C60 (purchased from Suzhou Dade Carbon Nanotech-
nology Co., Ltd., China, CAS# 99685-96-8), purity 0.995 gg

1; 
 — expanded graphite (highly conductive expanded graphite pow-
der GFG200, supplier the SGL Sigratherm, Germany, purity not 
less than 95 wt.%, D50 determined by sieve analysis 200 m, pow-
der bulk density 100 gl

1). 
 The technique of PCM preparation was based on pristine EG mix-
ing with moulted PW (70–75С) and mechanical stirring of the 
components. No previous treatment of components was implement-
ed. A rapid separation into pure PW and PW containing EG with a 
clear interface was observed several hours after preparing the com-
posite PCM. It is assumed that stable and almost fully filled by PW 
structure of EG has been obtained in the precipitated layer. After 
crystallization of the PW/EG, the upper pure PW was carefully 
removed and weighed. The required quantity of the components was 
measured using the Model GR 300 electronic balance with the in-
strument uncertainty of 0.5 mg. 
 The first step of the composite PCMs preparation containing C60 
consists of C60 mixing with molten PW, mechanical stirring, and 
sonication for 2 hours using an ultrasonic generator UZG 13-0.1/22 
(frequency 22 kHz, power 0.1 kW). During ultrasonic treatment, 
the temperature was maintained at about 655С. During the sec-
ond step, the composite PCM containing C60 was kept for 5 days in 
the liquid phase at the temperature of about 70С. This is necessary 
because it takes considerable time to reach the saturation equilibri-
um, namely, from several hours to several days. Sonication not only 
accelerates С60 dissolution but also can contribute to the formation 
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of supersaturated fullerene solutions with its further crystallization 
[5]. The obtained solution was considered supersaturated, since dur-
ing the following 5 days precipitation of C60 crystals was observed. 
The precipitate with C60 crystals was removed after PW/C60 crystal-
lization. The precipitate was weighed, washed repeatedly by n-
pentane to remove PW (С60 has very low solubility in n-pentane 
0.005 mgml

1 at 20C [12]), filtered through a paper filter and 
weighed. Thus, the saturated solution of C60 in PW was obtained 
and the saturation mass fraction of C60 at 65–70C was determined. 
 Thus, three PCMs were used in the further experiments: 
 — pure PW (shown as PW in the figures and text); 
 — PW containing the 0.000936 gg

1 of fullerene C60 (shown as 
PW/C60 in the figures and text); 
 — PW containing the 0.111 gg

−1 of EG (shown as PW/EG in the 
figures and text). 
 The pictures of the PCM samples (in form of pellets with diame-
ter 250.2 mm and thickness 4.0–6.5 mm) are presented in Fig. 1. 

3. EXPERIMENTAL SETUP AND TECHNIQUE OF EXPERIMENT 

The measurement of the phase transition total enthalpy and specific 
isobaric heat capacity of the composite PCM samples was performed 
by the method of monotonic heating in the calorimeter of the varia-
ble temperature. The schematic diagram of the experimental setup 
is presented in Fig. 2. 
 To minimize the heat losses from the measuring cell, the follow-
ing design approaches were used: vacuum-degassing the system un-
der the vacuum glass cover up to 0.05 mm Hg (6.67 Pa); mounting 
the aluminium foil screen 10; installation of the measuring cell 8 on 
a metal plate 2 using three thin Teflon pins. 
 The calorimetric heater 7 made of a constantan wire (0.15 mm in 
diameter and 4.2 m in length) was installed in the middle of the 
measuring cell. The electrical resistance of the heater was 125 Ohm. 
The heater 7 was installed in such a way as to form a uniform tem-

   
                 a                                 b                                c 

Fig. 1. The pictures of the composite PCM samples: a—pure PW; b—PW 
containing 0.000936 gg

1 of С60; c—PW containing the 0.111 gg
1 of EG. 
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perature field during heating. The regulated power supply 11 was 
applied for electricity supplying of the colorimetric heater 7. Elec-
tric current parameters of the calorimetric heater 7 were measured 
by the multimeter 14 by realizing the compensation method with 
the reference resistance coil 12. The power of the heater 7 during 
the experiment was 1.7860.002 W. The temperatures of the sam-
ple and the surface of the cell were measured with a step of 6 sec-
onds using the absolute thermocouples 6 and 5, correspondingly. 
 Preparation for the experiment contained the following steps: 
weighing the PCM sample in the measuring cell 8 (the sample had 
to cover the heater); installing the glass cover 4 on the metal plate 
2 and turning on the vacuum system; turning on the heater 7 when 
the pressure reaches 0.05 mm Hg. Next, the readings of the ther-
mocouples 5 and 6 and electric current parameters on the heater 
were recorded every 6 seconds until the thermocouple 5 readings 
reached approx. 80С (heating mode). The heater was turned off 
and the readings of the thermocouples 5 and 6 were recorded until 
the thermocouple 5 readings reached approx. 35С (cooling mode). 
The test was performed twice for each sample. Masses of the sam-
ples were the following: 7.9900 g for PW, 7.8606 g for PW/C60, and 
7.2118 g for PW/EG. 
 The measurement of heat loss at different temperatures of the 

 

Fig. 2. Schematic diagram of the experimental setup: 1 is the Dewar vessel 
with t 0C; 2 is the metal plate; 3 is the vacuum seal; 4 is vacuum glass 
cover; 5, 6 are the thermocouples; 7 is the electric heater; 8 is the measur-
ing cell; 9 is the test sample; 11 is the regulated power supply; 12 is the 
standard resistor; 13 is the air-admission valve; 14 is the multimeter; 15 
is the thermocouple vacuum transducer; 16 is the vacuum pump. 
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cell wall (readings of thermocouple 5) has been performed. The 
time-constant power of the heater 7 that ensured the constancy of 
the thermocouple 5 readings was determined in the multiplied ex-
periment (Fig. 3). The obtained temperature dependence of heat loss 
was fitted by Eq. (1): 

 2

5 5
0.00058047 0.086109 1.8449lossР t t   , (1) 

where t5 is the temperature of the measuring cell wall (readings of 
the thermocouple 5) [С]. 
 Moreover, the calorimeter heat capacity (the energy needed to 
increase the temperature of the calorimeter elements, namely, 
measuring cell 8, thermocouples 5 and 6, heater 7, per one C) was 
calculated. In the range of the experiment temperatures, the calo-
rimeter heat capacity was assumed constant: А 8.25036 JK

1. 
 The heat supplied to the studied PCM sample during its heating 
was calculated by Eq. (2): 

 lossQ Р Р A t      , (2) 

where Р is the power of the heater [W];  is the time of heat power 
supply to the PCM sample during its temperature increasing on t 
[s]; Ploss is heat loss [W]; A is the calorimeter heat capacity [JK

1]. 
 The heat released by the studied PCM sample during its cooling 
was calculated by the Eq. (3): 

 lossQ Р A t    . (3) 

 Specific isobaric effective heat capacity (the heat spent both on 

 

Fig. 3. Dependence of heat loss on the temperature of the measuring cell 
wall (reading of thermocouple 5) at the ambient temperature of 28.5 
0.8С. 
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temperature increase and structural changes in the material are 
considered) of the PCM sample is 

 


P

Q
c

m t
, (4) 

where cP is the specific isobaric effective heat capacity [Jg
1K

1]; t 
is the PCM sample temperature change during time ; m is the 
mass of the sample [g]. 
 The total enthalpy of solid–liquid phase transition S–L is 

 
 loss S L S L

S L

P P А t

m

 



   
  , (5) 

where S–L is the phase transition duration (obtained from the 
thermograms) [s]; S–L is the difference between the temperatures 
of start and finish of the phase transition. 

4. EXPERIMENTAL RESULTS AND DISCUSSION 

4.1. Results 

One of the obtained in the experiment time dependences of the sam-
ple temperature is shown in Fig. 4. The obtained thermograms 
demonstrate diffuse in time and temperature phase transitions. The 
presence of the diffuse phase transitions can be explained as fol-
lows: the heat supplied to the sample (or released by the sample) 
during its heating/cooling, can be simultaneously consumed by 
changing the sample temperature, phase transition or the sample 

 

Fig. 4. Time dependence of the PW sample temperature (readings of ther-
mocouple 6) and the cell wall temperature (the readings of the thermocou-
ple 5) during the sample heating and cooling. 
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superheating/supercooling. According to the mentioned reasons, the 
evaluation of the temperature and total enthalpy of the phase tran-
sition using the obtained thermograms was a complex task. 
 The obtained in experiment time dependences of the samples’ 
temperature were divided into several sections, which have been fit-
ted by a polynomial dependence (with standard deviation  no more 
than 0.03 K). The temperature dependences of the specific isobaric 
effective heat capacity of the PCMs samples were obtained (Fig. 5) 
using the fitting dependences and Eqs. (1)–(4). 
 The interpretation of the obtained data is a complex task for the 
following reasons. Firstly, industrial PW is a mixture of hydrocar-
bons of different molar masses. Secondly, PW has a heterogeneous 
solid phase structure (various sizes of crystals and amorphous in-
clusions). Moreover, solid PW contains dissolved air [13, 14]. 
 Both different melting temperatures of the individual compo-
nents and endothermicity of deaeration during melting lead to the 
appearance of the peaks and troughs on the obtained temperature 
dependences of the specific isobaric heat capacity. These effects are 
complicated to explain. Given the above, the evaluation of the phase 
transition total enthalpy instead of the phase transition latent heat 
is appropriate for the composite PCMs. Moreover, for the determi-
nation of the phase transition parameters, it is expedient to use the 
results of the experiment during the sample’s cooling. Herewith, 
the influence of the main noise factors (the temperatures’ field 
nonuniformity during heating and deaeration influence) is absent. 
 Obtained from the temperature dependences of the specific effec-
tive heat capacity (Fig. 5) parameters (the temperatures of start 
and finish of the phase transition, the phase transition total enthal-
py and specific isobaric heat capacity of the liquid phase in the 
studied temperature range) are given in Table 1. When the cooling 
process is considered, the term P in Eq. (5) is equal to zero and 
the term Ploss is negative. The value of Ploss was evaluated as an 
integral in the range from the temperature of the beginning to the 
temperature of the end of the phase transition of the function 
t5f() (Fig. 5). Additionally, to verify the obtained results, the 
PW latent heat was evaluated (Fig. 6). The experimental latent heat 
values were compared with references data for PW with close melt-
ing point (Table 2). It should be noted that the accurate determina-
tion of the temperatures of start and finish of the phase transition 
by the obtained dependences was complicated. Therefore, the ob-
tained latent heat values for PW are approximate. 

4.2. Uncertainty Analysis 

The uncertainty analysis of the specific isobaric heat capacity was 
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performed according to the recommendations reported by Taylor 
and Kuyatt [18]. Both components of the uncertainty, namely, type 
A ‘random’ and type B ‘systematic’, have been considered. 
 The inputs for the uncertainty evaluation and evaluated maxi-
mum combined standard uncertainties are listed in Tables 3 and 4. 

  
                         a                                                  b 

 
                          c                                                 d 

  
                         e                                                  f 

Fig. 5. The temperature dependence of the specific isobaric effective heat 
capacity for the samples of PW (a and b), PW/EG (c and d), and PW/C60 
(e and f). 



METHOD OF INVESTIGATION OF THE EFFECT OF CARBON NANOSTRUCTURES 755 

Since the evaluation of the caloric properties was performed for the 
cooling mode, the uncertainty of the power heater was not taken 
into account. 

4.3. Discussion 

The obtained in experiment values of the specific isobaric effective 
heat capacity of the PW solid phase (Fig. 5, a, b) are significantly 

TABLE 1. Solid–liquid phase transition parameters for the object of study. 
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256.8 2.22 

PW (test 2) 273.4 2.34 

PW/EG (test 1) 
40.5 60.0 

215.5 1.99 

PW/EG (test 2) 219.3 1.96 

PW/С60 (test 1) 
42.0–43.0 61.0 

293.1 2.52 

PW/ С60 (test 2) 306.4 2.63 

  
                         a                                                  b 

Fig. 6. The temperature dependence of the specific isobaric effective heat 
capacity for the samples of PW used for evaluation of the phase transition 
latent heat. 
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higher than the references values (Table 2). The presence of the 
peaks and troughs on the effective heat capacity temperature de-
pendences should be noted. Their presence can be explained both by 
phase transitions of industrial PW components and by the heat ab-
sorption at the deaeration of the moulted PW. Moreover, the ampli-
tude and location of peaks and troughs on the temperature depend-
encies of the effective heat capacity are different for all objects of 
study. These effects can indicate that C60 and EG in PW differently 
affect the level of modification of the PW internal structure and 
the content of dissolved air in PW. 
 The application of the vacuum glass cover allowed both to ob-
serve visually the appearance of gas bubbles in the sample during 
its melting and to indicate superheating of the sample solid phase 
during heating above the melting temperature (up to 20С by ther-
mocouple 6 readings). The С60 and EG in PW contributed to a de-
crease in superheating degree. 
 The obtained values of the phase transition latent heat and spe-
cific isobaric heat capacity of PW liquid phase (Table 1) are in 
agreement with the references data (Table 2). This result allows 
performing a comparative analysis of the effect of various CNSs on 
the caloric properties of composite PCMs using the proposed in this 
paper experimental setup. 
 An analysis of Fig. 5 has shown that the EG (0.111 gg

1) in PW 
contributes to a slight decrease in the temperatures of start and fin-
ish of the phase transition (0.5–2.0C), on the other hand, the pres-
ence of C60 (0.000936 gg

1) does not affect these parameters. 

TABLE 2. The caloric properties of laboratory grade and industrial grade 
types of paraffin. 
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184.48 tPhTr 53С [17] 

147–163 tPhTr48–68С [17] 

Specific 
isobaric 

heat capacity, 
Jg

1K
1 

2.38 (liquid) and 
1.93 (solid) 

tPhTr41.6С 
(n-docosan) [10] 

2.2–2.3 (liquid) tPhTr53.5С 
(own measurement) 

2.384 (solid) tPhTr53С [17] 
2.981 (liquid, 60–63С) and 2.604 

(solid, 35–40С) tPhTr48–68С [17] 
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 The obtained experimental data have shown that the presence of 
0.111 gg

1 of EG in PW contributes to a decrease of the phase 
transition total enthalpy by 15–21%. This effect was expected. In 
the authors’ opinion, this can be explained by the following. First-
ly, EG is not involved in the phase change (0.111 gg

1). According 
to this approach, the total enthalpy of the phase transition of the 
composite PCM is almost equivalent to the values calculated by 
multiplying the total enthalpy of pure PW with its mass fraction. 
This approach is confirmed by the results of some authors. For ex-
ample, in Ref. [10], it was shown that the latent heat of form-stable 
EG-based composite PCM saturated with 90 wt.% paraffin is 178.3 
kJkg

1 vs. 194.6 kJkg
1 for pure paraffin. This is close to the re-

sults within the approach described above. Secondly, a ‘solid-like’ 
structured phase from the molecules of the base fluid near the sur-
face of the solid component can be formed in the composite PCMs in 
the liquid state. Conceivably, ether this phase has not the structure 
change or it is needed less heat on structural change during the 
phase transition. The presence of this phase can contribute to a de-
crease in the phase transition total enthalpy (its relative values 
were estimated by the approach mentioned above). At the same 
time, there are studies with the opposite result. In Ref. [19], it was 
reported that small content of EG in PW (0.5–1.0 wt.%) leads to an 

TABLE 3. Input parameters for uncertainty evaluation. 

Parameter Uncertainty, unit 

Mass 0.0005 g 

Temperature 0.5 K 

Time 0.5 s 

TABLE 4. Summary of uncertainty evaluation. 

Parameter 
Maximum combined 
standard uncertainty 

EG mass fraction 0.001 gg
1 

C60 mass fraction 0.01 gg
1 

Type A uncertainty for heat loss  0.014 W 

Calorimeter heat capacity 0.017 JK
1 

Difference of temperatures of phase transition 
start and finish 

0.4 K 

Released heat 0.2 J 

Specific isobaric heat capacity 0.07 Jg
1K

1 

Phase transition total enthalpy 6.9 Jg
1 
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increase in the melting and freezing latent heats (up to 5% and 
7%, respectively) compared to pure PW. When the content of EG 
increase up to 3.0–4.0 wt.%, the decrease in the latent heat was 
observed compared to pure PW. The authors of Ref. [19] explained 
the obtained enhancement by the increase in the PW crystallinity 
and the strong intermolecular interactions or adhesive work derived 
from van der Waals force between PW and EG at a small fraction 
of EG. 
 The effect of increasing the phase transition total enthalpy by 7–
16% at the presence of 0.000936 gg

1 of С60 in PW is noteworthy. 
This effect can be explained by PW’s internal structure change 
around the C60 molecules. The effect of C60 on the internal structure 
changes in hydrocarbons was considered in the studies [20–23], in 
which the solution of fullerenes C60 and C70 in aromatic hydrocar-
bons were investigated. In addition, similar results of the effect of 
a low fraction of CNSs in PW on its phase transition latent heat 
were obtained in several studies. For example, it is discussed in the 
previously mentioned study [19]. In addition, in Ref. [24], it was 
established 6.3%-higher enthalpy of phase change for MWCNT 
(0.5% wt.)/paraffin nanocomposite vs pure paraffin. The obtained 
effect in Ref. [24] was explained by the more rapid nucleation of 
larger crystallites by MWCNTs proceeding via short- and long-range 
templating as well as intrinsic characteristics of MWCNTs. 
 A qualitatively similar effect of C60 and EG was observed for the 
specific isobaric heat capacity of the liquid phase of the objects of 
study: the presence of 0.111 gg

1 of EG in PW contributed to the 
heat capacity decreasing by 10–16%, while the presence of 
0.000936 gg

1 of С60, to the heat capacity increasing by 7–15%. 
 The obtained quantitative results require more accurate further 
measurements to confirm them and to clarify the physical effects. 
The confirmation of the obtained effects for PCM PW/C60 is an im-
portant step for their introduction in the industry since an increase 
in the phase transition total enthalpy of PCM will allow to increase 
the efficiency of TES systems and to reduce their mass and size. 
Further studying of PCM PW/EG is important to find a rational 
content of EG. The reasonable content of EG can significantly in-
crease the thermal conductivity of PCM, which will improve the ef-
ficiency of TES systems. 

5. CONCLUSION 

The experimental setup of a new design for measuring the compo-
site PCMs caloric properties was created. Setup advantages are the 
simple design, low cost (compared to adiabatic calorimeter or dif-
ferential scanning calorimeter), and visualization of the sample dur-
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ing the experiment. The setup applying is appropriate for estima-
tion of expediency of further studying of composite PCMs. 
 It was shown that the EG content (0.111 gg

1) in PW (melting 
point 53.5С) contributes to a slight decrease in the temperatures of 
start and finish of the phase transition (0.5–2.0C), on the other 
hand, the presence of C60 (0.000936 gg

1) does not affect this pa-
rameter. The phase transition total enthalpy for PW/EG was 15–
21% less and for PW/C60 was 7–16% higher than for pure PW. A 
qualitatively similar effects of C60 and EG were observed for the 
specific isobaric heat capacity of the liquid phase of the objects of 
study: the EG contributed to decreasing the heat capacity of PW by 
10–16%; oppositely, C60 presence in PW increases its heat capacity 
by 7–15%. The obtained effects can be explained by both presences 
of the CNSs themselves, and structural changes in the PW caused 
by CNSs. 
 The expediency of further studies of composite PCMs from 
PW/CNSs to confirm the obtained effects for PW/C60 and to find a 
rational fraction of EG in PW/EG was proven. 
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