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Abstract— Phase change materials (PCMs) are high thermal
energy storing materials. Adding PCMs into building
materials is reported to give high thermal mass which gives
higher energy efficiency. Researches show that effective
thermal conductivity of concrete reduces with increasing
PCM content in concrete. Energy efficiency and heat capacity
of PCM-concrete are reported to be higher than plain
concrete. In this paper thermal properties of PCM-concrete
product are reviewed along with some mechanical properties.
Incorporating PCM into concrete is found to lower the peak
temperature and retards the time of occurrence of this peak
temperature. PCM absorbs high heat which reduces cooling
as well as heating load in building which in turn reduces the
risk of thermal cracking. This review paper assembles
thermal properties of PCM-concrete with mechanical
properties to understand the complete behavior of concrete
when PCMs are employed.
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I. INTRODUCTION

Phase change materials (PCMs) are thermal energy storing
materials which store energy in the form of both sensible and
latent heat. Many researches show that adding PCM in
building elements like concrete [6], gypsum board [4], plaster
[5], increases thermal mass of building due to which energy
efficiency of the building is increased [11,15] and so energy
demands for cooling and heating is decreased [13,14].
Thermal energy storage in PCM can be classified in two
ways: first as sensible heat storage system heat is
stored/released with temperature change and the phase
remains same, hence a large volume needs to be handled
whereas for latent heat storage system heat is stored/released
as heat of fusion or heat of solidification, hence a large energy
can be stored[1].

A. Phase change materials (PCM)

A PCM is a substance which melts and solidifies at a certain
temperature and has high heat of fusion. Thus, PCM can store
and release large amounts of heat energy while material
changes from solid to liquid state and vice versa; so, PCMs
may be called as latent heat storage (LHS) units. LHS in
PCMs can be achieved through solid to gas, solid to liquid,
liquid to gas and liquid to solid phase changes. But only solid
to liquid and liquid to solid phase changes are feasible for
PCMs because the gaseous phase of material requires high
volume and pressure which makes solid to gas or liquid to gas
phase change transformation impractical for PCM.

Many PCMs are available in the temperature range
of —=5°C to 190 °C. Also, for the human comfort range
between 20-30 °C, some PCMs are available with a good
effectiveness. These PCMs store about 5 to 14 times more

heat per unit volume than conventional storage materials such
as water, masonry or rock. The use of PCMs in building
envelopes and in concrete is coming into existence from last
two to three decades.

B. Classification of PCMs

A large number of phase change materials (organic, Inorganic
and eutectic) are available for any required temperature
range. There are a large number of organic and inorganic
chemical materials available, which are identified as PCM.
These are categorized and identified according to the melting
temperature and latent heat of fusion. The classification of
PCM is shown below:

PCM
Organic Inorganic Eutectic
1.Paraffin 1.5alt Hydrate 1.0rganicj0rganic )
2.Non Paraffin 2.Metallic 2.Inorganic-Inorganic
3.Inorganic-Organic

Fig 1: Classification of PCM

L.F. Cabeza et al. [2] investigated the use of
microencapsulated PCM in concrete walls for energy savings.
They constructed and installed two real size concrete cubicles
to study the effect of the inclusion of PCM with melting point
of 26°C and phase change enthalpy of 110Kj/kg. These
cubicles were constructed in the locality of Puigverd of Lleida
(Spain).  Their results showed that wall with
microencapsulated PCM had improved thermal inertia than
wall without PCM. Also they measured lower inside
temperature with PCM wall as compared to without PCM
wall.

D.P. Bentz and R. Turpin [3] demonstrated potential
applications of phase change materials in concrete
technology. They found that PCM was good in enhancing the
performance of concrete technology in several applications.
They experienced that PCMs may added directly or in a
microencapsulated form in the concrete. Also the porous light
weight aggregate can be utilized as a PCM carrier. They
demonstrated that PCM mortar under semi-adiabatic curing
condition could be used to limit the temperature rise.

C. Voelker et al. [4] investigated for temperature
reduction due to the application of phase change materials.
They found in their study that utilization of phase change
materials in buildings increases the thermal mass and
contributes to an improvement of the thermal protection in
summer. They performed their measurements using paraffin
as well as a salt mixture. A reduction in the peak temperature
of up to 4 K could be ascertained. A.M. Thiele et al. [8]
performed annual energy analysis of concrete containing
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phase change materials for building envelopes. They
observed that adding microencapsulated PCM to the concrete
wall decreased the amplitude of the inner surface heat flux
throughout the year. The amplitude of the positive heat flux
into the building requiring cooling was reduced substantially
more than that of the flux out of the building requiring
heating. They also noted that the total thermal load reduced
much more in summer months when the temperature
oscillations were centered closer to the desired indoor
temperature.

T. Lecompte P. Le Bideau P. Glouannec D.
Nortershauser S. Le Masson [10] investigated for mechanical
and thermo-physical behavior of concretes and mortars
containing phase change material. Two types of mix were
prepared by them. The first was a very basic mix used for
mortars and concretes which are described below:

— Mortar M1 : 1 bucket of cement, 3 buckets of sand

— Mortar M2 : 1 bucket of cement, 2 buckets of sand, 2
buckets of PCM

— Concrete C1: 1 bucket of cement, 2 buckets of sand, 2
buckets of gravels

— Concrete C2: 1.2 bucket of cement, 1.5 bucket of sand,
1.5 bucket of gravels, 2 buckets of PCM

And the second was more sophisticated to properly
evaluate the action of PCM in concretes. The phase change
material used was a microencapsulated paraffin n-octadecane
(C18H38) provided by Microtek laboratories MPCM 28.
They found in their experiment that incorporation of PCM in
concrete or mortar increased the apparent thermal inertia of
mixes. They also found that effective thermal conductivity
decreased with the increase in PCM volume fraction.

C. Incorporation techniques of PCM in concrete

Traditionally three techniques are mostly employed, and
these techniques are:

a) Direct mixing method

b) Immersion method

¢) Impregnation method

Newly developed procedures are some special techniques
which are developed to prevent leakage of PCM and to retain
properties of PCMs after long period of use. Some of the
special techniques are:

Microencapsulation

Shape-stabilized PCM

Il. METHODOLOGY

Thermal conductivity measurement experiments can be
classified as transient methods and steady-state methods.
Transient methods reported from various literatures are
transient plane source, transient hot strip, flash method, hot
wire method, hot bridge, accelerated thermocouple, hot ball
method, three-layer device, and oscillating boundary
temperature method.

Instrument employed in this research for measuring
effective thermal conductivity is guarded heat flow meter
apparatus. this works on the steady-state method to measure
the effective thermal conductivity.

Heat capacity measurement method: Heat capacity
measurement techniques reported in this literature are
differential scanning calorimeter (DSC), laser interferometry

technique, non-adiabatic calorimeter modified hot plate
method, guarded heat flow meter etc.

Method employed in this research for measurement
of specific heat capacity is Differential Scanning Calorimeter
(DSC) testing of sample with the help of DSC Q20 apparatus.
The PCM used in the project and their properties are as
follows shown in table 1:

Phase change Melting Latent heat of
material point (°C) fusion (kJ/kg)
Paraffin (technical 58 290
grade)
Bees wax 61.8 177
Epsom salt
(MGsO..7H0) 48.5 202

Table 1 Melting point and latent heat of employed PCM

A. Sample preparation

Cement paste samples were made by direct immersion of
PCMs. Three samples of cement were made by soaking
paraffin wax, bees wax and Epsom salt. The mass fractions
of PCMs were kept 0.3 for every sample.

B. Density measurement

Density measurement of cementitious composites was done
by simply measuring the volume of sample (V) and the mass
(m) at room temperature. Then the density of sample was
calculated by density p=m/ V.

C. Experimental setup

For cement paste sample two tests were performed:

Thermal conductivity test: the thermal conductivity testing
for samples was performed by guarded heat flow meter
arranged according to ASTM E1530

Differential scanning calorimeter (DSC) test: DSC test for
cement paste sample was performed by model Q20 of TA
instruments® USA arranged in accordance with ASTM
E1269.

I11. RESULT AND DISCUSSION

A. Sample density

The density of the samples is calculated with the help of
simple formula of density p = m/V. Values of densities
obtained after 7 days for cement paste samples are 1.573,
1.596 and 2.252 gm/cm3 with inclusion of Bees wax, Paraffin
wax and Epsom salt respectively.

B. Thermal conductivity test
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Fig. 2 Thermal conductivity trend of cement paste sample.
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Thermal conductivities for the concrete samples are also
measured after aging the samples for 7 days

C. Specific heat capacity

Specific heat capacity measurement is carried out only for
cement paste samples. This measurement is done by DCS
testing.

Specific heat capacity
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Fig. 3 Specific heat capacity versus temperature plot.

D. Thermal diffusivity

Thermal diffusivity is simply calculated as ratio of thermal
conductivity to the product of density (p) and specific heat
capacity (cp).
Thermal diffusivity o =k/p.cp

The thermal diffusivity measures rate of heat
transfer from hot side of the material to the cold side. Thermal
diffusivity can be treated as thermal inertia. Higher the
thermal diffusivity, higher will be the heat removal from any
material. Thermal diffusivity should be lesser from building
element to prevent thermal cracking. From the result it has
been observed that thermal diffusivity is least for Bee wax
sample among the three. Thermal diffusivity obtained by the
calculation is tabulated in table 2.

Cement K I
paste wimk) | P (g/md) /g "K) o (M?/s)
sample '
Beewax | 0395 | 157347127 | 316 | 27910
Eg;ftm 0241 | 225199215 | 066 | 10210
Paraffin | 350 | 1506108.82 | 2.39 | 238X10
wax

Table 2 Thermal diffusivity calculated from result.

IV. CONCLUSIONS

This review paper is prepared for analyzing thermal and some
mechanical characteristics of concrete containing PCMs.
Based on the reviewed research papers following conclusions
can be drawn:

1) Incorporating PCM in concrete has a potential to increase
thermal mass.

2) PCM incorporated in concrete gives reduction and delays
the time of occurrence of peak temperature in summer
days.

3) So, it reduces the risk of thermal cracking.

4) Thermal conductivity decreases and Specific heat
capacity of concrete increases as the dosage of PCM is
increased in the concrete mix.

5) Cement paste sample with Bees wax has the highest
specific heat capacity among the three. Epsom salt
sample gives minimum specific heat capacity.

6) Bees wax gives minimum value of thermal diffusivity
when incorporated with cementitious composites among
the three phase change materials.
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