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Mortars containing phase change materials (PCMs) were tested to determine their applicability
to the thermal control of buildings. One mini-wall prototype was coated with mortar without PCM,
whereas the three other prototypes were coated with mortar added with 5%, 10%, and 15% PCM.
All specimens were subjected to visual analysis, scanning electron microscopy coupled with energy
dispersive X-ray analysis, and differential scanning calorimetry. Thermal analysis was conducted using
K-type thermocouples under irradiation by 1000 W halogen lamps. Compared with the other samples,
the sample containing 15% PCM required more water in the mixture to achieve a good consistency.
Compared with the reference mortar containing 0% PCM, specimens containing 5%, 10%, and 15%
PCM showed greater thermal delay. The results of this study reveal that the use of PCM in buildings

might lead to significant energy savings.
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1. Introduction

Global economic growth has led to an increase in the
consumption of electricity, which is mainly obtained from
non-renewable sources. High electricity consumption
has directly affected the population and environment'.
The construction sector lacks definitions regarding the
environmental impact of energy consumption in buildings,
which occurs throughout their life cycle from construction
to operation and maintenance’.

Phase change materials (PMCs) are considered highly
suitable for building construction and rehabilitation owing
to their ability to transfer heat while changing phase at a
given temperature’®. A PCM is a substance that can store
and release heat energy as it changes in phase from solid
to liquid and from liquid to solid, respectively. A wide
range of phase transition temperatures can be achieved
by modifying the chemical structures of PCMs. Organic
paraffin, a commercially available material, can have a
phase transition temperature between 10 and 70 °C, with a
latent heat capacity of approximately 200-250 J/g’. Organic
PCMs are the most common type of PCMs because they
are chemically stable, do not undergo cooling, are neither
corrosive nor toxic, and have a high latent heat of fusion®.
These materials have been applied in the claddings of building
facades to render buildings more energy efficient, avoiding
the need for heat generation/absorption systems, such as air
conditioning systems, which have high energy consumption’.

No references in the literature are available on the
applications of the Thermoball®'° PCM used in this work
as additives in cementitious materials. The relevant studies
are limited to its use as an additive for painting and lining
other industrial surfaces, such as clothes and metals.
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In-depth studies on the applications of PCMs to civil
construction must be conducted to provide greater comfort
and economic advantages to users by increasing the
thermal inertia of building materials and reducing the need
for heating and cooling equipment. If building materials,
especially facade lining, are properly designed with PCMs
and sized and applied appropriately, significant economies
of scale can be generated for users and buildings produced
with these materials could be of greater value, as they are
more sustainable.

This study aimed to investigate the thermal behavior of
mortars blended with different percentages of PCM when
applied to concrete blocks. The structural viability of the
mortar—PCM specimens was examined by visual analysis
and scanning electron microscopy coupled with energy
dispersive X-ray spectroscopy (SEM/EDS). In addition,
the thermal viability of the specimens was studied via
differential scanning calorimetry (DSC) and thermal analysis
using K-type thermocouples under irradiation with 1000 W
halogen lamps.

2. Materials and Methods

General-use industrial mortar sourced from Quartzolit®
from Saint Gobain, Brazil'! was used in this investigation,
and the PCM microcapsules were supplied by Insilico®,
from Seoul, South Korea''. The properties of the mortar
and microcapsules are shown in Table 1. The experimental
scheme and materials used are presented in Figure 1.

Mini-wall specimen compartments measuring 400 x
400 x 140 mm?® were constructed to simulate the conventional
walls of multi-story buildings. The constituent blocks had
dimensions of 140 x 390 x 190 mm® and 140 x 190 x
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190 ™3 and they were laid with a 10 mm-thick layer of the
commercial mortar between them.

Four types of mortar were prepared to coat blocks external
face with 10 mm-thick layers, which were named according
to the PCM addition: Ref —without PCM, T1 —with 5%, T2 —
with 10%, and T3 —with 15% of PCM addition, respectively.

The inner face of the concrete bricks was not insulated,
and the external faces of all specimens were painted with
white acrylic paint.

Table 1. Data of the mortar and PCM microcapsules used in this study.

InSilico Thermoball®
15 microns

PCM microcapsules

Average diameter

Lining Material Melamine-Polyoxymethylene
Encapsulated material Paraffin
Melting temperature 28°C

Enthalpy 170 to 175 J/g
Quartzolit® Multimass Mortar

for general use

Mortar

Cement, mineral aggregates

Composition . T
P and special additives

Materials Research

A box was fabricated to establish an internal insulated
space to avoid spurious results arising from other external
heating or cooling influences on the opposite face of the
mini-walls. This box was made of 15 mm-thick plywood
and internally insulated with 30 mm of polystyrene.

The thermal gradient signals of specimens placed inside
the box were acquired by three K-type sensors with the
software and hardware necessary for data acquisition at the
acquisition rate of 8 Hz because of the long time necessary
to evaluate a temperature change of approximately 1.5 °C.

The mass of water added to each mixture increased as
the PCM percentage increased, as shown in Figure 2.

In this study, the authors developed a method of testing,
since there was no used the real solar conditions along the
time to have control of the external boxes conditions of
temperature and relative humidity. After the calculation of
the solar radiation, was proposed first, the use of two 400W
infrared lamps, that were not efficient due to the time spent
for heating the external wall face.

To provide more power in less time to avoid the radiation
transfer to the ambient, two 1000 W halogen lamps (Figure 3a)
were employed as radiation sources. Temperature sensors
(K-type thermocouple) and ThermData 0.0.1® software were
used to measure the heat transmitted throughout the prototypes,
and the data were analyzed using Origin 8.1. Three sensors
were positioned diagonally over each prototype, as shown in
Figure 3b. The samples (mass, 3 + 0.5 mg) were subjected
to DSC, which was performed over the temperature range
of 0-100 °C at a heating rate of 5 °C/min under a nitrogen

Materials

Water dosage
(recommendation) 135 mi/kg
Apparent dry density 1.50 kg/cm?®
Density of fresh mortar 1.80 kg/cm?
Consumption 17 kg/m?*cm
Type of mixture Mechanical
Experimental Program
Visual analysis
Analysis of deficiencies

Figure 1. Flowchart of the experiments.
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Figure 2. Proportion of added water related to the amount of PCM in the mortar.
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atmosphere. A pure PCM sample was also analyzed to verify
the melting point provided by the manufacturer. SEM-EDS
analysis was performed to identify the constituent materials
of the samples.

3. Results and Discussion

3.1. Visual analysis

The mortar applied to the prototypes presented rapid
and uniform hardening; this characteristic was maintained
over time in samples Refand T1 (Figure 4a). These samples
did not develop cracks. Specimen T3 showed several cracks
(Figure 4a), with T3 showing more serious damage in terms
of both quantity and dimensions (Figure 4b).

The cracks observed were mainly caused by shrinkage
during the hardening of the mortar, which is an undesirable
phenomenon during the hardening of cementitious materials.
When the water used to hydrate the paste is lost to the
surface of the microcapsules, reductions in resistance and
crack formation may occur. The map-shaped cracks shown
in Figure 4b are usually caused by a lack of or inadequate
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Figure 4. (a) Visual results of the mortar prototypes. (b) Pronounced map-shaped crack of prototype T3.

cure. Studies indicate that the addition of microspheres
with diameters between 1 and 25 pm increases the water
demand of the mixture.

3.2. SEM-EDS analysis

The scanning electron micrographs shown in Figure 5 reveal
the rupture of some microcapsules following their mechanical
mixing with the mortar. Microcapsule rupture releases the
PCM into the mortar, leading to a loss of its function and
interferences with microcapsule—matrix adherence.

Figures 6a-c show the adherence of the PCM to the mortar
matrix. The PCM in t T2 and T3 adhered well to the mortar
matrix but that in sample T1 did not. The low adherence
between the microcapsules and matrix in T1 may be due to
the low water content of the mixture, which leads to poor
hydration. Figure 6d shows an image of sample T3; good
homogeneity between the microcapsules and mortar can
be observed. The PCM microcapsules crystallized onto the
surface of the concrete, thereby ensuring good adherence.

EDS analysis was performed to verify the composition
of sample T3, which showed two microcapsular regions.
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The first remained intact after the mixing of the mortar and
PCM microcapsules (Figure 7a), whereas the second showed
broken PCM microcapsules (Figure 7b). The first region
was composed of 8.7 wt% silica (Si) and 65 wt% carbon
(C). The second region was composed of a larger amount
of Si (44%), which is the constituent material of the mortar,
and a smaller amount of C (17%), which is because of the
PCM (paraffin). These results indicate that the rupture of
PCM microcapsules leads to the loss of this material into

Materials Research

the mixture and reductions in homogeneity afforded by the
solid microcapsules.

3.3. DSC analysis

The melting point of the pure material was identical
to that provided by the manufacturer. Figure 8 depicts the
peak melting points of pure PCM, which showed the most
significant peak, as well as those of the Ref, T1, T2, and
T3 mixtures. The mortars with added PCM showed the same
endothermic peak when the temperature reached 28 °C,
indicating the influence of PCM on the melting point of
the samples.

Variations in the PCM microcapsule content of the
cementitious matrix influenced the heat storage capacity
of the resulting materials. The heat storage capacity of
the samples showed a nonlinear increase, with the mortar
containing 15% PCM exhibiting optimal results. When
the results of pure PCM (not mixed with mortar) and
T1 were compared, the melting enthalpy of the mixed
sample markedly decreased from 181 to 5.84 J/g, which is
equivalent to a decrease in heat storage of approximately
97%. With samples T2 and T3, the heat storage decreased
by approximately 93% and 81%, respectively. This finding
demonstrates that increases in the amount of PCM added to
the mortar considerably increase the amount of heat present

10pm

Figure 6. Percentage of addition T1, T2 and T3 respectively in (a), (b) and (c-d).
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in it. The melting points of pure PCM and all samples are
shown in Table 2. These melting points are consistent with
the manufacturer’s data.

The phase transition temperatures of the mortar samples
decreased when compared with that of pure PCM.

Isil

| mm m ,@
R e e e e R RN RN

0 S 10 15 keV

Intact microcapsule]

Broken microcapsule

3.4. Results of thermal radiation testing

Figures 9a-d present the thermal analysis results of Ref.
T1, T2, and T3, respectively.

The temperature and time results were normalized to
enable the accurate comparison of the average results by
wall and specimen because the start time and test duration
for each specimen differed owing to differences in the time
required to reach the peak temperature in the insulated
compartment. Figure 10 shows the average normalized
temperature and time results of all specimens.

As shown in Figure 10, among the specimens, T3 may
be considered the most efficient in terms of time to increase,
stabilize, and decrease the temperature to room temperature.
T1 required approximately 3 h (9000 s) to achieve the
maximum temperature and decrease it. This time is similar
to the time required by the sample to release the heat
completely to the external environment. T3 was the second
most efficient sample. The time required by this sample to
achieve peak heating was approximately 2.5 h (7250 s).
However, it required the same time as T1 to achieve heat
release to the external environment.

As shown in Table 3, the most efficient specimen in
terms of thermal inertia and time to absorb and release heat
radiation is T2. Although the temperature of this specimen
increased rapidly over less than 90 min, it presented the
lowest thermal gradient among all specimens prepared.
Indeed, the thermal gradient of T2 was 44% lower than that
of T1 and 56% lower than that of T3.

Having determined the ability of T2 to not only absorb
and release heat but also retain the external temperature of
the material, the results must be carefully verified because
this study is a preliminary investigation on the use of
Thermoball® PCM as a mortar additive.

Table 2. Melting point of the samples.

— Study treatments Fusion (°C)
d PCM 29.2
T1 28.1
Figure 7. (a) EDS 1- intact microcapsules. (b) EDS 2 — broken $§ izg

microcapsules. (¢) SEM image of the EDS analysis.

Heat flow (mW )

Table 3. Normalized temperature versus time results of the specimens.

Specimen Time (s) Temp. (°C)
Min. 0.000 0.000
Ref. Max. 2132.167 0.748
Final 3673.750 -0.007
Min. 0.000 0.000
Tl Max. 9247.500 1.743
Final 18611.167 -0.011
Min. 0.000 0.000
T2 Max. 5350.433 1.152
Final 17192.333 -0.135
N Min. 0.000 0.000
Figure 8. DSC test with melting points for each treatment and for L= Max. 7249.167 2.032
Final 16545.000 0.009

pure PCM.
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Figure 9. ‘a’ to ‘d’ — Results achieved by thermal analysis conducted on each specimen.
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Figure 10. Average normalized results by percentage of PCM
mixed with the mortar.

4. Conclusions

The addition of microcapsules with a melting point of
28 °C was proven to be an efficient means to increase the
thermal inertia of mortars; thus, these materials could be used
in the facade of buildings constructed in tropical countries.
The results also revealed that the interaction between the
two materials leads to significant changes in the properties
of the hardened mortar by increasing the surface area of
the particles and, consequently, changing their rheology.

Figure 10 and Table 3 show that the PCM affects two
different mortar properties. First, PCM addition changes
the time required by the mortar to achieve maximum heat
transfer. Second, the PCM could modify the ability of the
mortar to block heat transfer from the exterior to the interior
of a compartment. The mortar bearing 10% PCM (T2) may
reasonably be supposed to be the most effective specimen
because the time it required to absorb and release heat energy
was longer than those of T1 and T3. This capability is beneficial
for its practical applications in tropical countries, as the solar

radiation received by buildings in such countries over the
period of 12:00-6:00 p.m. is greater than that received by
similar structures in other regions of the world.

Further research on similar systems must be conducted
to consider the effects of shadowing, such as that observed in
high-density urban areas, and assess how the PCM can affect
the mechanical strength of mortars and their rheology, as
this study was conducted in the geographic region delimited
by the latitudes 22°26'12" S and 24°26'12" S, where the
Tropic of Capricorn is the central latitude. In addition, the
influence of the proportion of PCMs in mortar mixtures
should be investigated to determine how the PCM ratio
influences the curing process.

5. Acknowledgments

The authors thank the Department of Physics, Sao Paulo
State University, [lha Solteira campus, for allowing the use of
their SEM microscopy facilities. They also thank the staff at
the multi-user laboratory of the State University of Londrina
for allowing the use of their DSC facilities.

6. References

1. Cunha S, Aguiar J, Ferreira V. Eco-efficient mortars with
incorporation of phase change materials. J Build Phys.
2018;41(5):469-92. http://dx.doi.org/10.1177/1744259117697397.

2. Marcos MHC, Yoshioka EY. The use of BIM tool to help
the choice of better building system that results in less waste
on environment. In: 7th Brazilian Meeting of Information
Technology and Communication in Construction; 2015; Recife.
Proceedings. Porto Alegre: ANTAC; 2015. [Portuguese].

3. Guardia C, Barluenga G, Palomar I, Diarce G. Thermal
enhanced cement-lime mortars with phase change materials
(PCM), lightweight aggregate and cellulosic fibers. Constr


https://doi.org/10.1177/1744259117697397

Thermal Performance Investigation of Phase Change Materials in Concrete Blocks Masonry 7

Build Mater. 2019;221:586-94. http://dx.doi.org/10.1016/].
conbuildmat.2019.06.098.

Sharma A, Tyagi VV, Chen CR, Buddhi D. Review on thermal
energy storage with phase change materials and applications.
Renew Sustain Energy Rev. 2009;13(2):318-45. http://dx.doi.
org/10.1016/j.rser.2007.10.005.

Gtinther E, Hiebler S, Mehling H, Redlich R. Enthalpy of
phase change materials as a function of temperature: required
accuracy and suitable measurement methods. Int J Thermophys.
2009;30(4):1257-69. http://dx.doi.org/10.1007/s10765-009-
0641-z.

Sarcinella A, Aguiar JLB, Lettieri M, Cunha S, Frigione M.
Thermal performance of mortars based on different binders
and containing a novel sustainable Phase Change Material
(PCM). Materials. 2020;13(9):2055. http://dx.doi.org/10.3390/
mal3092055.

10.

Yeon JH. Thermal behavior of cement mortar embedded
with low-phase transition temperature PCM. Constr Build
Mater. 2020;252:119168. http://dx.doi.org/10.1016/j.
conbuildmat.2020.119168.

Baetens R, Jelle B, Gustavsen A. Phase change materials
for building applications: a state-of-the-art review. Energy
Build. 2010;42(9):1361-8. http://dx.doi.org/10.1016/j.
enbuild.2010.03.026.

Martins BFM. Phase changing materials (PCM) for the thermal
performance improvement in buildings [dissertation]. Porto:
University of Porto; 2017. [Portuguese].

Weber Saint-Gobain. Technical bulletin for the mortar multimassa
for general applictions. Jandira: Weber Saint-Gobain; 2022. 3 p.

. INSILICO. Phase changing material thermoball: technical

specifications. Seoul: INSILICO; 2021. 4 p.


https://doi.org/10.1016/j.conbuildmat.2019.06.098
https://doi.org/10.1016/j.conbuildmat.2019.06.098
https://doi.org/10.1016/j.rser.2007.10.005
https://doi.org/10.1016/j.rser.2007.10.005
https://doi.org/10.1007/s10765-009-0641-z
https://doi.org/10.1007/s10765-009-0641-z
https://doi.org/10.3390/ma13092055
https://doi.org/10.3390/ma13092055
https://doi.org/10.1016/j.conbuildmat.2020.119168
https://doi.org/10.1016/j.conbuildmat.2020.119168
https://doi.org/10.1016/j.enbuild.2010.03.026
https://doi.org/10.1016/j.enbuild.2010.03.026

