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Abstract

In developing a phase change material (PCM) for low temperature latent heat
thermal energy storage (LHTES) for building applications under the climate conditions
in Thailand, the phase change material was created from eutectic mixture of lauric acid
(LA) and palmitic acid (PA). Mixing of both acids was carried out at various molar
ratios and the melting temperature of the solid mixture was determined in order to
identify the eutectic composition. The eutectic mixture was found to contain the molar
ratio of LA to PA at 80 - 20 mol%. Differential scanning calorimetry (DSC) thermal
analysis result indicates that the melting temperature of LA-PA eutectic mixture is in
the range of 36 — 46 °C with the latent heat of fusion of 166.9 J/g. The heat absorption
of LA-PA mixture as a thermal energy storage was tested by placing this mixture inside
the spaces in commercial concrete blocks that were placed in a direct sun light and
observing melting behavior of the mixture at different times of day. The results indicate
that more than 90% by mass of the PCM melts when the outside temperature is
continuously above 37 °C for more than 1 hours. When the temperature decreases, the
PCM solidifies again. For thermal performance study, 538.5 g of this PCM stores
9.0 kJ per 0.152 m?, leading to 23.5 % reduction of heat transmitted through concrete
wall exposed to sunlight. The temperature inside concrete wall with PCM insert is about
0.5 — 1 °C lower than the temperature of wall without PCM. This study shows the
possibility of using eutectic mixture of lauric acid and palmitic acid as a phase change
material for the building that requires energy saving at low cost.

Keywords: Phase change material (PCM), latent heat thermal energy storage (LHTES),
Lauric acid (LA), Palmitic acid (PA), differential scanning calorimetry (DSC), eutectic
mixture, concrete blocks
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CHAPTER I
INTRODUCTION

1.1 Background

The world energy demand nowadays has been increasing because of the
increase of population all around the world and the other reason is human demands has
no limit but the resources has been decreased. Especially, for the non-renewable energy
resources which take an important role to drive the world activities such as fossil fuels.
In the term of power plant for generate electricity to the world activities, non-renewable
energy has been used to generate electricity more than renewable energy, so to save
world energy consumption is to reduce energy use as much as possible or to use the
resources to have high efficiency. Moreover, these kind of non-renewable energy has
emitted more greenhouse gases while they are combusted for uses in world activities.
Then energy conservation and saving is the present concerned topic in any parts of the
world likewise in Thailand and for energy efficiency, one of the most effective is use
thermal energy storage (TES) technology.

Thermal energy storage (TES) which is greatly assisted by the incorporation of
latent heat storage in different products, so sometimes, it is called latent heat thermal
energy storage (LHTES) system. It has been observed that building components, which
store heat during peak power operation, can reduce at the same time space-conditioning
energy consumption. Phase change materials (PCMs) are one of the thermal control
devices used today in building envelopes. PCMs in building envelopes can be used for
many different purposes including reduction of space-conditioning energy
consumption, thermal peak load shaving and shifting, local temperature control in
building envelope components, or improvement of overall system durability. [1]

Since Thailand is located south of Tropic of Cancer, then Thailand is tropical
country and hot in the most of country. Generally, the temperature at night is always
lower than the temperature on day time, so using phase change materials as latent heat
thermal energy storage can be the answer for energy efficiency. And according to
Thailand temperature data in year 2016 of Thai Meteorological Department (TMD), the
average maximum temperature all parts of Thailand is 30.50 °C and the average
minimum temperature all parts of Thailand is 24.50 °C. However, some data about the
overview of Thailand has remarked that the temperature in Thailand averages from
18 °C to 34 °C. These temperature can be one the important parts for phase change
materials selection because environmental temperature can affect to melting
temperature of them. So in this study, the range of temperature that selected for melting
temperature of phase change material is 30 °C to 33 °C because when the temperature
of the daytime is more than 30 °C then phase change material is melted by latent heat
and at night, the temperature is usually less than 30 °C, then this temperature can
solidify the phase change material.

Therefore, selection type of phase change material is the way to do to get phase
change materials with melting point in range of 30 °C to 33 °C. For phase change
materials, there are three kinds of them which are organic phase change material,
inorganic phase change material and eutectic mixture phase change material. In the
term of energy efficiency with renewable energy, organic phase change materials such
as fatty acids, paraffins, PEGs are the alternative for this issue. However, Thailand is
the agricultural country that has many kinds of biomass and one of the most important
agricultural products of Thailand in economy aspect is palm that usually be the raw
material in palm oil production and biodiesel production because palm is composed of



saturated and unsaturated fatty acids. So using saturated fatty acids from palm oil to be
organic phase change material are selected because of their stability more than
unsaturated fatty acids. Moreover, one important advantage for this organic phase
change materials are environmental friendly which is the concerned issue in this era of
the green world.

Since the above melting temperature of the phase change materials that need to
be develop in this study is slightly low, then using 2 types of fatty acids to be eutectic
mixture phase change material is the best reason to get that melting temperature.
According to the review of the study fatty acids as phase change materials, the use of
capric acid, luaric acid, palmitic acid and streatric acid has been used in this application.
And for the melting point in range of 30 °C to 33 °C, using eutectic mixture of luaric
acid and palmitic acid in ratio 80 mol % and 20 mol % respectively which is the best
way to obtain 32.7 °C of melting point of phase change material. [2]

Therefore, in this study is to develop eutectic mixture of fatty acid as phase
change material for latent heat thermal energy storage in building application by using
eutectic mixture of luaric acid and palmitic acid to obtain the target melting
temperature, which condition is following [2]. In the term of building application, these
eutectic mixture phase change materials are enveloped by concrete block and study for
their efficiency in local temperature control by phase change material.

1.2 Objectives

1.2.1 To develop eutectic mixture of fatty acid as phase change material
for latent heat thermal energy storage in building application

1.2.2 To evaluate heat involved in implementing the phase change
material in building application under the climate in Thailand

1.3 Scopes of Work

1.3.1 To prepare fatty acid which are Lauric acid and Palmitic acid with
ratio 80 and 20 percent mole respectively to be eutectic mixture phase change material

1.3.2 To analyze thermal properties of the eutectic phase change material
by using differential scanning colorimeter (DSC) for the target melting temperature in
Thailand building application

1.3.3 To develop the phase change material with the target melting
temperature into the concrete block and study the behavior with thermal energy storage
in building application

1.3.4 To study thermal performance of thermal energy storage in phase
change material in building application



1.4 Steps of Work

1.4.1 Study the principle of phase change material and phase change
material from biomass

1.4.2 Study phase change material in building application

1.4.3 Study and search for the recent average temperature of Thailand in
any seasons by weeks, months and years for phase change material temperature
selection

1.4.4 Study eutectic mixture of fatty acid as phase change material to get
the target temperature

1.4.5 Analyze melting point and heat data from eutectic mixture of fatty
acid as phase change material by differential scanning colorimeter (DSC)

1.4.6 Develop phase change material in building application by taking
in concrete block

1.4.7 Compare the thermal energy storage performance between the wall
with phase change material and without phase change material for building application

1.5 Expected Outputs

1.5.1 To obtain the high performance concrete blocks which have phase
change materials inside concrete blocks that are suitable for Thailand weather in
building application of latent heat thermal energy storage which can reduce heat from
outside temperature of the building into inside of the building

1.5.2 To learn how to apply biomass in Thailand which are fatty acids
to be more useful phase change materials in building application and using phase
change material in concrete block in building application with their thermal
performance

1.6 Work Plan

Table 1.1 Work plan in 2 semesters

Semester 1/2017 Semester 2/2017

qop Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr.

Topic selection

T

Theory and related
research study

e
;

Laboratory setup

Verification molar
ratio of LA-PA

DSC Analysis

Application the
PCM in house model

Result analysis

Report Writing




CHAPTER II
LITERATURE REVIEW

2.1 Thermal Energy Storage; TES

A variety of thermal energy storage (TES) techniques have developed over the
time for the reason of enormous potential to make the use of thermal energy equipment
more effective and for facilitating large-scale energy substitutions from an economic
perspective. Energy storage through solid-liquid phase change is a transient process.
The material is either absorbing or releasing energy as its melts or solidifies. Thus this
type of system is not particularly well suited for applications that operate primarily in
steady-state conditions.

For thermal energy storage technology has been used in various forms and
applications. Some of the more common applications include the use of sensible TES
(oils, molten salts) or latent TES (ice, phase change material) for refrigeration or space
heating and cooling needs.

The use of TES systems often results in significant benefits, such as the
following:

» reduced energy costs;

* reduced energy consumption;

* improved indoor air quality;

« increased flexibility of operation;

» decreased initial and maintenance costs;

« reduced equipment size;

« more efficient and effective utilization of equipment;

» conservation of fossil fuels (by facilitating more efficient energy use); and
» reduced pollutant emissions (e.g., CO2). [3]

The useful classification of the substances that used for TES can be shown in
Figure 2.1. [4]

| Materials |

[ Sensible heat Il Latent heat HChemicél energy|

i gas - liquid solid - gas
| solid-liquid [} solid-solid |
| organics | inorganics
Eutstics Mixtures Eutstics Mixtures
Single temperature | |Temperature interval| | Single temperature | [Temperature interval
A S | l
Paraffine Fatty acids Hydrated salts
{atkanes mixtures)
 mm——
Commercial| | Analytical
grade grade

Figure 2.1 Classification of energy storage materials [4]



For the use of latent TES in the term of the material that undergo solid-liquid,
systems that require storage of thermal energy for later system usage will normally use
phase change materials (PCMs) for what is referred to as thermal energy storage or
TES. In these applications, during times of excess energy production, some of that
thermal energy can be diverted into a storage system where it is kept for utilization at a
later time period. The storage system features a solid PCM which slowly transitions to
a liquid at constant temperature as the thermal energy flows into the material. The
energy is thus stored in within the material itself, and can easily be extracted by
solidifying the material.

Thermal energy quantities differ in temperature. As the temperature of a
substance increases, the energy content also increases. The energy required E to heat a
volume V of a substance from a temperature T to a temperature T, is given by

E=mC (T2 - T1) = pVC (T2 = T1) 2.1)

Where C is the specific heat of the substance. A given amount of energy may
heat the same weight or volume of other substances, and increase the temperature to a
value greater or lower than T2. The value of C may vary from about 1 kcal/kg°C for
water to 0.0001 kcal/kg°C for some materials at very low temperatures. [3]

2.2 Phase Change Materials; PCMs

Phase change materials are materials that undergo the solid-liquid phase
transformation, or sometimes commonly called as the melting-solidification cycle, at a
temperature within the operating range of a selected thermal application. Phase change
material absorbs energy from surrounding and the energy that is absorbed by the
material acts to increase the energy of the constituent atoms or molecules, increasing
their vibrational state. At the melting temperature, the atomic bonds loosen and the
materials transfer from a solid to a liquid. Solidification is the reverse of this process,
during which the material transfers energy to its surroundings and the molecules lose
energy and order themselves into their solid phase, which can be described in Figure
27011
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Figure 2.2 The melting/solidification process [1]



The phase change, which is usually used to store latent heat energy in buildings,
is between the liquid phase of the material and its solid phase. The liquid to solid
transformation is called solidification and the solid to liquid transformation is called
fusion. [7]

There are several kinds of phase change materials that used nowadays, since
their properties for application depend on any materials which can be investigated from
various perspectives including operating temperature range, phase-transition enthalpy,
chemical stability, long-term durability, and flammability. And in figure 2.3 shown that
relationship between PCM’s enthalpy and temperature for different types of PCMs such
as paraffin, salt hydrates, water, sugar alcohol, fatty acids and so on. It seems to be that
fatty acids and paraffin which are organic PCMs, usually cover in the short range of
phase transition temperature and enthalpy. In the other hand, such chlorides, carbonates
— inorganic PCMs cover the large phase transition temperature and enthalpy range more
than organic PCMs. These characteristics are especially important for their application
in building envelopes, since PCM has to be incorporated into the structural components,
finish materials, or thermal insulation.
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Figure 2.3 Relationship between PCM’s enthalpy and temperature for different types
of PCMs [5]



2.2.1 Type of Phase Change Materials (PCMs)

The main categorization of PCMs is the differentiation between inorganic
PCMs and organic PCMs. The commonly used phase-change substances for technical
applications are as follows: paraffins (organic), fatty acids (organic), and salt hydrates
(inorganic), which shown in Figure. 2.4. [5]
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Figure 2.4 Classification of PCMs [5]

e Organic Phase Change materials (PCMs) [6]
Organic phase change materials are in general chemically stable, do not suffer
from supercooling, non-corrosive, non-toxic and have a high latent heat of fusion.
Organic PCMs can be divided into two groups: paraffins and non-paraffins.

1. Paraffins

Paraffin waxes or CH3(CH2)nCH3 are cheap and have a reasonable thermal
storage density of 120 kJ/kg up to 210 kJ/kg and have a low vapour pressure in the
melting state. Paraffins are available in a wide range of melting temperatures from
approximately 20 °C up to about 70 °C, they are chemically inert, and do not undergo
phase segregation. However, paraffins have a low thermal conductivity of about
0.2 W/(mK) which limits their application.

2. Non-Paraffins

They include many kinds of organic materials such as fatty acids, esters,
alcohols and glycols. They are expensive when compared to paraffins. And the most
interest in organic PCMs are the fatty acids or palmitoleic acids with their advantages
following they have melting points in a relatively low temperature range, a high latent
heat of fusion, undergo small volume changes during phase transition and do not
undergo supercooling during freezing. Most common useful fatty acids are divided in
6 groups: caprylic, capric, lauric, myristic, palmitic and stearic with respectively 8 up
to 18 carbon atoms per molecule. Their melting points are in the range between 16 and
65 °C and freezing points between 17 and 64 °C, with a heat of fusion between 155 and
180 kJ/kg.



e Inorganic Phase Change Materials (PCMs)

Inorganic PCMs in general have a rather high heat of fusion, good thermal
conductivity, cheap and non-flammable. However, they are some disadvantages such
as corrosive to most metals, undergo supercooling and undergo phase decomposition.
The inorganic PCMs are common known hydrated salts. [6]

o FEutectics

Eutectic mixtures or eutectics are a mixture of two or more chemical
components or solids in such proportions that the melting point is as low as possible,
have in general sharp melting points and its volumetric storage density is slightly higher
than that of organic compounds. However, they have some limitations are available on
their thermal and physical properties. Eutectics can be divided into 3 groups according
to the materials of which they consist: organic—organic, inorganic—inorganic and
inorganic—organic eutectics. [5]

2.3 Eutectic Mixture System [7]

2.3.1 Binary Phase Diagram

The phase change of a binary mixture is multi-components mixture, the theory
is quite similar but more complicated from a representation point of view. The binary
diagram is used to represent the location of the different phases of a mixture.

Figure 2. 5 shown a binary diagram of an isomorphous system. The abscissa
corresponds to the proportion of the component B in the mixture A + B, and the ordinate
is the temperature of the mixture. The volume and the pressure are constant.

The diagram consists of two single-phase fields separated by a two-phase field.
The boundary between the liquid field and the two phase field in Figure 2. 5 is called
the liquidus; that between the two phase field and the solid field is the solidus. In
general, a liquidus is the locus of points in a phase diagram representing the
temperatures at which mixtures of the various compositions of the system begin to
freeze on cooling or finish melting on heating; a solidus is the locus of points
representing the temperatures at which the various mixtures finish freezing on cooling
or begin melting on heating. The phases in equilibrium across the two-phase field (the
liquid and solid solutions) are called conjugate phases.
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Figure 2.5 Binary phase diagram — isomorphous system [7]



Depending on the components, several phase diagrams exist depending on the
phase change behavior of the mixture. Figure 2.6 shown that the phase diagram with a
large solubility gap and a minima liquidus temperature, such as an azeotropic point X.
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Figure 2.6 Binary phase diagram — azeotropic point [7]

2.3.2 Binary Eutectic System

The binary eutectic phase diagram explains the chemical behavior of two
immiscible (unmixable) crystals from a completely miscible (mixable) melt.

The phase diagram for eutectic mixture can be shown by Figure 2. 7. It is the
special case of a system with an eutectic mixture by point E; it is a mixture at such
proportions that melting point is as low as possible and that all the components
crystallize simultaneously.
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Figure 2.7 Binary phase diagram — eutectic point [7]
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2.4 Fatty Acid

Fatty acid is the important component of lipids in plants, animals, and
microorganisms, so this assures a continuing non-pollutant source. Generally, a fatty
acid consists of a straight chain of an even number of carbon atoms, with hydrogen
atoms along the length of the chain and at one end of the chain and a carboxyl group
(—COOH) at the other end. It is that carboxyl group that makes it an acid (carboxylic
acid). And there are 2 types of fatty acids included saturated fatty acids which the
carbon-to-carbon bonds are all single, and the other is unsaturated fatty acids that if any
of the bonds is double or triple, the acid is unsaturated and is more reactive. [16]

The unsaturated fatty acids have one or more double bonds between carbon
atoms, for example myristoleic acid, palmitoleic acid, oleic acid and so on. And for
saturated fatty acids which have no double bonds, such as capric acid, lauric acid,
myristic acid, palmitic acid, steatric acid.

Since the raw materials of fatty acids are derived from renewable vegetable and
animal sources. So fatty-acid based PCM can be produced in the following categories:

1. Naturally occurring triglycerides.

2. Hydrates of acids of triglycerides and their mixtures.

3. Esters of the fatty acids of naturally occurring triglycerides.

4. Refined/synthesized triglyceride products produced by a combination of
fractionation and transesterification processes.

5. Synthesized triglyceride products using hydrogenation (or dehydrogenation)
and fractionation.

6. Synthesized triglyceride products using cis-trans isomerization and
fractionation.

7. Synthesized fatty acid derivatives that have the desired freezing point
temperatures.

8. Refined fatty acid hydrates that have the desired freezing point temperatures.

9. Prepared mixtures produced by essentially any of the previous processing
approaches with other chemicals (preferable cheap and nontoxic) to produce eutectic
compositions with the desired freezing point temperature range [10]

The phase change materials (PCMs) have two basic parameters of phase change
temperature and latent heat. Therefore, many researchers have tested the two
parameters of fatty acids as PCMs. Since the phase change temperature and latent heat
of PCMs tend to be influenced by individual experimental condition such as
temperature, purity, and the accuracy of analytical instruments which shown in table 1
and table 2 for density, specific heat and thermal conductivity of fatty acids as PCMs.
Almost research has not been done about the unsaturated acids as PCMs or the chemical
structure of saturated and unsaturated acids and the influence of chemical structure on
thermal properties. However, saturated fatty acids are almost interest to be phase
change material more than unsaturated fatty acid in organic PCMs.



Table 2. 1 Phase change temperature and latent heat of fatty acids [9]
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Fatty acid Melting Melting Freezing Freezing
temperature latent heat temperature latent heat
it O (J7g) &) (/g
CHLCiCOON 16.1 1442 : :
Emeamns iy e
Cle/?ggSizécCi)dOH 3la 38 127 18(5.1740_ i e 128 112.6635-
CHi?2§§;T4ECiOdOH e 128353.%204- e 220357.?191_
CH3(CH2)7(3§ECIE—11((:IC(L2)7COOH 136 el ) )

Table 2. 2 Density, specific heat and thermal conductivity of fatty acids as PCMs [9]

Capric Lauric Myristic Palmitic Steatric
acid (CA) | acid (LA) | acid (MA) | acid (PA) | acid (SA)
Density (kg/m?)
Solid 1004 1007 990 989 965
Liquid 878 862 861 850 848
Specific heat (kJ/kgK)
Solid 129 1.7 1.7 1.9 1.6
Liquid 2.1 2.3 2.4 2.8 2:2
Thermal conductivity
licpid (Wim K} 0.153 0.147 0.150 0.162 0: 172

In this study, the saturated fatty acids is the substance that used because of their
saturated that is hardly to reactive when be in building application. However, since their
physical properties such as the odor of each fatty acids, capric acid, myristic acid and
streatric acid are strong rancid and unpleasant that seem to be not suitable for building
application. Then lauric acid and palmitic acid are more suitable and cheaper than the

others.

2.5 Fatty Acid Eutectic Mixture

The eutectic temperature is the lowest melting temperature of a mixture of two
or more components, and such mixture is a eutectic mixture which features the same
stability of a single component. The eutectic mixtures of fatty acids as PCMs have
expanded the phase change temperature range and thus the engineering application of

fatty acids as PCMs. [9]
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2.5.1. Theoretical Calculation of Ratio for Binary Fatty Acid Eutectic

Generally, a certain pure fatty acid has a higher melting point than the desired
temperature by building energy conservation. In order to decrease phase change
temperature of the eutectic mixture, two kinds of fatty acids can be mixed together in
their eutectic proportion to reach the lowest eutectic temperature, namely phase change
temperature, according to the lowest eutectic point theory. The eutectic ratio of the
chosen fatty acids in this study can be calculated with Schrader equation which shown
in equation 2.2 described as following [8].

T=1/(Tif RInX ,/ALH,) (2.2)

Where xa is the mole fraction of component A in the mixture, ALH, and Ty are
the latent heat and melting point of material A, T is the melting point of the mixture
and R is the gas constant (8.315 J/k mol).

The formula for calculating the melting enthalpy of a (quasi) eutectic is shown
below:

S
L= TmZ[_Ti_+Xi(CPLi' Cpsi)In(T,/T;) ] (2.3)

Where Hn, is the latent heat of the mixture, Jmol™1; Cpri, the specific heat at
constant pressure of the ith component in the liquid state, and Cps; the specific heat at
constant pressure of the ith component in the solid state. [9]

In this study, the saturated fatty acids that used are lauric acid (LA) and palmitic
acid (PA) in molar ratio 80% and 20% respectively to be eutectic mixture for phase
change material to get phase change temperature about 32 °C to 33 °C which is the
temperature of the eutectic mixture that is lower than the pure each fatty acid that mixed,
which is from literature review in reference [2].

2.6 PCMs in Building Application [1]

There are several different ways to implement PCM in a given application such
that the liquid melt phase remains contained and does not contaminate the system by
the use of macro scale container systems, of microencapsulated PCM beads, and of
completely form stabilized PCM.

2.6.1 The Impregnation of Building Materials

The simplest method consists in the direct impregnation of the PCM into
gypsum, concrete or other porous materials. The volume occupied by the PCM in the
pores is small enough to prevent from the isolation of the solid PCM crust. The structure
of the porous material transports the heat to the pores which could be leakage. This
interaction between PCMs and its porous can deteriorate the mechanical properties of
the container. The materials used for impregnation are as follows: plaster, concrete,
vermiculite, wood, cement and compound. [7]

Concrete is a common construction material made of four components: cement,
water, aggregates, and additives. PCM can be either introduced to concrete as an
additive or during the impregnation process. Cement is the bounding concrete element
that is activated by water. Frequently used portland cement usually consists of the
following four major mineral ingredients: tricalciumsilicate (3Ca0O-SiOy),
dicalciumsilicate (2Ca0-Si0Oy), tricalciumaluminate (3CaO-Al,O3), and tetracalcium
aluminaferrate (Al,03-Fe2O3). Occasionally, blast furnace cements or fly ash cement
can be used in concrete mixtures instead of, or in addition to the portland cement.
Sometimes lime and clay are added to the concrete mixture as well. [5]
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2.6.2 The Micro-Encapsulation

The microencapsulation consists in enclosing the PCM in a microscopic
polymer capsule or shell which encapsulate a PCM core as seen in Figure 2. 8. The
scale of the material is typically 1-1000 pm in diameter for microPCM beads and 10—
500 nm for nanoPCM beads. The microcapsules form a powder, which is then included
in the recipe of a building construction material such as concrete, a polymer or gypsum,
to form the improved building phase change material. Special attention has to be taken
in the choice of the capsule’s material to avoid chemical reactions between the capsules
and the building material. The PCM is trapped and cannot leak anymore, and the size
of the capsules is small enough to prevent from a disproportionate isolation of the solid
crust of the PCM. [7]

Figure 2.8 Core and shell microencapsulation PCM [1]

2.6.3 Shape-Stabilized PCM

Shape-stabilized PCM are prepared from a liquid mixture of the PCM and a
supporting material. The mixture is then cooled below the glass transition temperature
of the supporting material, until it becomes solid. An appropriate choice of the
supporting material allows PCM mass proportions up to 80%. The most common
supporting materials found in the literature are high-density polyethylene (HDPE) and
styrene—butadiene—styrene (SBS). However, the thermal conductivity of a shape-
stabilized PCM is not so high, which is a problem in latent heat storage systems. [7]

2.7 Literature Reviews

D. Feldman and the team [2] had studied about an analysis thermal properties
of fatty acids and their binary mixtures which are attractive candidates for latent heat
thermal storage in space heating applications by using method differential scanning
calorimetry to determine the transition temperatures and latent heat of transition of the
fatty acids and their binary mixtures. The melting range of the fatty acids (capric, lauric,
palmitic and stearic) was observed to be approximately from 30 °C to 65 °C. Their heat
of transition was observed to have a range from approximately 153 to 182 J/g. The
melting points of the eutectics for the binary systems of capric-lauric, lauric-palmitic,
lanric-stearic and palmitic-stearic acids were found to be 18 °C, 32.7 °C, 34 °C and
51°C, respectively. And the corresponding heats of melting were 120, 145, 150 and
160 J/g, respectively.
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Ahmet Sari and Ali Karaipekli [11] had studied the preparation, thermal
properties and thermal reliability of capric acid—palmitic acid (CA-PA) mixture as
phase change material (PCM) for low temperature latent heat thermal energy storage
(LHTES) by using the differential scanning calorimetry (DSC) to indicate that the
CA-PA mixture with eutectic composition (76.5/23.5 wt.%) was suitable PCM for low
temperature LHTES applications in terms of melting and freezing temperatures
(Tm=121.85 °C; Tt = 22.15 °C) and latent heats of melting and freezing (AHm=171.22
J/g; AHf = 173.16 J/g). The thermal properties make it potential PCM for LHTES
systems used in heating, ventilation, and air conditioning applications. Accelerated
thermal cycling tests showed that the eutectic mixture as a PCM has good long-term
thermal reliability.

Ahmet Sari [12] had studied the thermal properties and thermal reliability of the
eutectic mixtures of lauric acid—myristic acid (LA-MA), lauric acid—palmitic acid
(LA—PA), myristic acid—stearic acid (MA—SA) as phase change material (PCM) with
determination after repeated melt/freeze cycles by the method of differential scanning
calorimeter (DSC). The DSC thermal analysis results indicate that the binary systems
of LA—MA in ratio of 66.0 : 34.0 wt.%, LA—PA in ratio of 69.0 : 31.0 wt.% and MA-
SA in ratio of 64.0:36.0 wt.% form eutectic mixture with a melting temperature of
34.2 °C, 35.2 °C and 44.1 °C, and with a latent heat of fusion of 166.8 J g!, 166.3 J g’!
and 182.4 J g’!, respectively. The changes in the melting temperatures and the latent
heats of fusion are in the range like -0.40 °C — 0.23 °C and 1.5% — 3.0% for LA-PA
during the 1460 thermal cycles. Based on the results, it can be concluded that the studied
PCMs have good thermal properties and thermal reliability for a four-year energy
storage period, which corresponds to 1460 thermal cycles, in terms of the change in
their melting temperatures and latent heats of fusion.

T. Lee and the team [13] presents the results of macro scale tests that compare
the thermal storage performance of ordinary concrete blocks with those that have been
impregnated with two phase change materials (PCM). One is a commercial Butyl
Stearate, and the other is a commercial Paraffin. The comparative characteristics of
these PCM - concrete combinations were examined. Also, the effect of air velocity was
studied in respect to the control of the rates of heat storage and discharge. This research
is an extension of the laboratory scale work. And this capability renders feasible the use
of low-cost heat such as that derived from solar energy, and waste heat whose supply
may be asynchronous with the demand.

Derya Kahraman D&"gilis, cii and the team [14] had studied, palmitic acid (PA)
and capric acid (CA) eutectic mixture was encapsulated in polystyrene (PS) capsules as
new latent heat thermal energy storage (LHTES) material for building applications.
Microencapsulated eutectic mixtures (MEEMs) were prepared in homogenized
emulsions in 3 different PS/(PA-CA) weight ratios. The synthesis reaction was found
complete according to Fourier Transformed Infrared (FTIR) Spectroscopy. The
physical and physicochemical characteristics, thermal endurance limits and operating
stability of MEEMs were investigated through differential scanning calorimetry,
thermal gravimetry and thermal conductivity, particle size distribution analysis,
scanning electron microscopy, and polarized optical microscopy techniques. The onsets
of melting of MEEMs were measured between 13.5 and 17.1 °C as those of
crystallization were between 16.9 and 17.9 °C. The latent heats of melting of MEEMs
were measured between 46.3 and 77.3 J/g as those of crystallization were between
—45.0 and —73.6 J/g. As a result, a eutectic mixture of PA and CA was depicted for
building heating cooling applications and successfully encapsulated in PS shell at
different weight ratios.
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Guruprasad Alva and the team [15] had studied microencapsulation of myristic
acid—palmitic acid (MA-PA) eutectic mixture with silica shell using sol-gel method.
The core phase change material (PCM) for thermal energy storage was myristic acid-
palmitic acid eutectic mixture and the shell material to prevent the PCM core from
leakage was silica prepared from methyl triethoxysilane (MTES). Thermal properties
of the microcapsules were measured by differential scanning calorimeter (DSC). The
morphology and particle size of the microcapsules were examined by scanning
electronic microscope (SEM). Fourier transformation infrared spectrophotometer (FT—
IR) and X-ray diffractometer (XRD) were used to investigate the chemical structure
and crystalloid phase of the microcapsules, respectively. The DSC results indicated that
microencapsulated phase change material (MPCM) melts at 46.08 °C with a latent heat
of 169.69 kJ kg™! and solidifies at 44.35 °C with a latent heat of 159.59 kJ kg™'. The
thermal stability of the microcapsules was analyzed by a thermogravimeter (TGA). The
results indicated that the MPCM has good thermal stability and is suitable for thermal
energy storage application.



CHAPTER III
RESEARCH METHODOLOGY

According to literature reviews, this study of fatty acid as phase change
materials for building application is done with the experiment in laboratory scale, pilot
scale and especially for uses of phase change material in building application.

3.1 Experimental Apparatus and Equipment

. Aluminum pan

. Beaker 250 ml

. Thermometers
DSC

. Heater

. Stirring rod

. Lab glass kit

. Weighing apparatus
. Cylinder

10. Zip lock plastic bag (12 cm x 16 cm)
11. Capillary tubes

O 0 IO D W=

3.2 Experimental Chemicals

1. Lauric acid
2. Palmitic acid
3. Concrete block (40 cm x 19 cm x 6 cm)

3.3 Experimental Procedures

3.3.1 Determination of Eutectic Composition and Thermal Properties for
Lauric Acid and Palmitic Acid Mixture

1. Lauric acid is prepared into the molten phase by using temperature at
45 °C for heater.

2. Palmitic acid is prepared into the molten phase by using temperature
at 70 °C for heater. ‘

3. Lauric acid and palmitic acid in molten phase are mixed in molar ratio
0 —100 % into the beaker for 10 minutes and pour it into aluminum pan and to cool the
mixture down by room temperature.

4. When all the samples are solidification, they are grinded into the
powder for verification the eutectic mixture ratio of lauric acid and palmitic acid by
using capillary tube with lab Kkit.

5. After eutectic mixture of fatty acids verification is done, some of the
eutectic mixture sample are taken to test the thermal properties of phase change material
by differential scanning colorimeter (DSC) for thermal properties of the phase change
material.



L7

3.3.2 Mixing Lauric Acid and Palmitic Acid in Eutectic Mixture as Phase
Change Material

1. Lauric acid is prepared into the molten phase by using temperature at
45 °C for heater.

2. Palmitic acid is prepared into the molten phase by using temperature
at 70 °C for heater.

3. Lauric acid and palmitic acid in molten phase are mixed in molar ratio
80 % and 20 %, respectively into the beaker for 10 minutes and pour it into aluminum
pan and to cool the mixture down by room temperature.

4. When all the samples are solidification, they are cut and grinded into
the small pieces or powder in order to increase surface area of phase change material in
building application.

5. The phase change material powder is put into 12 cm x 16 cm plastic
zip lock bag for implement into the spaces of concrete block with 90 g for 6 bags.

3.3.3 PCM Containment in Concrete Block for Building Application

e For comparison the concrete block with phase change material
and without phase change material

1. A house model is built by 12 concrete blocks to be the wall of the
house and asbestos — cement shingles to be the roof, which shown following
figure 3.2.

2. The bags with the phase change material in 90 g are enveloped into
the spaces of right hand side of 2 concrete blocks in the side that receive direct sunlight.
And the other left hand side, there is nothing inside the spaces of the concrete blocks.

3. One thermometer is taken outside the house to measure the outside or
environmental temperature. For another 2 thermometers are taken into a middle space
of concrete block in the side with PCM and without PCM. For another 2 thermometers
are taken inside the house model by one is in the side with PCM and the other is in the
side without PCM.

3.3.4 Measurement of the Phase Change Material Performance in Building
Application

1. The concrete block with the phase change materials inside is put on
the outdoor with the sunny weather and observation the behavior of phase change
material inside the concrete block with the weather at day and night time by observation
from melting volume to be percentage in melting at any times.

2. Concrete blocks with the phase change materials inside are lined to
be the house wall model in building application for measuring the efficiency of them
with thermal energy storage at the wall in keeping heat conduction from outside
temperature into phase change material by observation from temperature of the
thermometers and record the data at any times.
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inside

outside

Figure 3.2 The illustration of house model in experiment for comparison (a) without
the PCM and (b) with the PCM



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Verification Melting Point of the Composition LA-PA Eutectic Mixture as
Phase Change Material

In this part of experiment is preliminary verification to obtain the lowest melting
temperature from the mixture of two fatty acids which are luaric acid (LA) and palmitic
acid (PA) by mixing in eutectic mixture ratio of LA-PA as the phase change material
in building application. The verification of LA-PA eutectic mixture had done by mixing
LA-PA in molar ratio 0 — 100 % and the results of the variations in melting temperature
of LA-PA mixture with composition of the components (mol %) are shown in figure
4.1. According to figure 4.1, the melting temperature at the molar ratio 80 % — 20 % of
LA-PA is lower than another components. And in this ratio of LA-PA is the eutectic
mixture that provide the lowest melting temperature, in the range of 37 °C — 44 °C for
this composition. So this molar ratio is selected to use for mixing more PCM in the
application in the house model. However, when compared the eutectic combination
ratio and melting temperature with the given literature [2], it can be observed that in the
aspect of eutectic combination ratio, in the molar ratio 80 % — 20 % of LA-PA in this
experiment is generally good agreement with the literature, but in the aspect of melting
temperature, there has the discrepancy between the results. Following the given
literature, the eutectic composition ratio and melting temperature of LA-PA eutectic
mixture were found to be 80 — 20 mol % with 32.7 °C [2]. The melting temperature
difference between the results is higher about 4 °C because of the factor of the used
commercial grade materials (LA and PA) in this experiment but for the literature, they
used reagent grade of the materials which are generally less impurity than the
commercial grade as the result to increase the melting temperature of 80 — 20 mol % of
LA-PA eutectic mixture to be 37 °C.
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Figure 4.1 Melting temperatures LA-PA mixtures versus composition of the
components
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4.2 Differential Scanning Colorimeter (DSC) Analysis of LA-PA Eutectic Mixture
as Phase Change Material

When the preliminary verification was done, then some sample of 80 — 20 mol
% of LA-PA eutectic mixture was taken to characterize the thermal properties by DSC.
The DSC measurement was performed using DSC 204 F1 series provided by
NETZSCH, Germany and the analysis was carried out between the temperatures of 25
and 100 °C at 10 °C/min heating rate under a constant stream of nitrogen. Figure 4.2
shown the DSC curve result for heating processes of 80 — 20 mol % LA-PA eutectic
mixture which has the melting temperature in the range of 36.7 °C to 46.9 °C with its
the latent heat of fusion 166.9 J/g. These properties make them to be one of the potential
PCMs from LA-PA eutectic mixture with suitable phase change temperature for low
temperature LHTES applications for the climate condition in daytime summer of
Thailand. However, when compared to the given literature and in this experiment, the
used heating rate is different because the literature used 2 °C/min and heated in the
range of 0 — 100 °C [2]. So they can obtain the little shifted curve or some discrepancy
from literature in the range of melting temperature that in this experiment obtain
increased melting temperature than the literature about 4 °C because using 2 °C /min
heating and cooling rate, were optimal for all the experiments taking into account the
relatively broad peaks in melting and freezing characteristics of the fatty acids as well
as the much broadest peak of their mixtures [2]. However, using difference heating rate
of2 and 10 °C/min provided the difference in melting point 0.2 °C from the experiment
of the literature review [2].

|DSC /(mWimg)

v €exo
[12]LA-PA 683
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Complex Peak:

Area: 166.9 Jig
Peak: 43.1°C
Onset: 36.7 °C
End 469 °C

(12
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Temperature /°C

Figure 4.2 DSC curve for the eutectic mixture 80-20 mol% of LA-PA acid
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4.3 Thailand Climate Condition and Room Air Temperature from Using the Phase
Change Material in Building Application

The prepared 80 — 20 mol % of LA-PA eutectic mixture as PCM was applied to
use in the space of hollow concrete blocks in the side that received direct daylight and
observed the temperature inside the house model by comparison with the inside
temperature of the house without PCM. The datum were collected in the sunny day
since 30 March 2018 to 14 April 2018. The results of average temperature outside and
inside the home model with the PCM and without the PCM in any times was shown in
figure 4.3. The results were found that when the outside temperature (blue line) was
continuously above 37 °C more than 1 hours, then the PCM was melted and the inside
temperatures of the house model with PCM (orange line) are decreased about 0.5 —
1 °C from the inside temperatures of the house model without PCM (gray line) in the
case of comparison to the concrete block with air spaces.

The reason for reduction of inside temperature when applied PCM in the
building is phase change process; (a) the light incident onto the wall then (b) the heat
from the daylight is used to absorb by the mediate inside the concrete block which is
PCM to change the PCM in to the molten form and (c) storage thermal energy in the
PCM to be LHTES when the outside temperature is more than melting temperature of
the PCM, after that (d) if the outside temperature is decreased in the evening, the heat
releases to the environment. However, in the evening, the heat from PCM released
gradually to the environment and didn’t increase the heat to the house which can
observe from orange line that has the same inside temperature.

Then using the PCM depends on the weather on that day which can observe
from the same tendency of three lines in figure 4.3 and it is suitable for summer in
Thailand because they are effective in temperature more than 37 °C. So they can refer
that using PCM in building application can potential reduce inside temperature of the
house when the outside or environmental weather is mostly sunny, clearly sky and low
relative humidity.

43
41
39
<1
35
53
31
29
27

Temperature (°C)

9:50
10:30
11:00
11:30
12:00
12:30
13:00
13:30
14:00
14:30
15:00
15:30
16:00
16:30
17:00
17:30
18:00
18:30
18:45
19:00
19:30
20:00
20:30
21:00
21:30

22:40

Times
=@=T out =0=T with PCM =o=T without PCM

Figure 4.3 Relationship between the average temperature outside and inside the home
model with the PCM and without the PCM at different times of day
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4.4 Thailand Climate Condition with Melting of the Phase Change Material in
Building Application

When 80 — 20 mol % of LA-PA eutectic mixture as PCM receive the incident
daylight, then it is melted by the heat from the light. So in this section is study about
melting percentage of the PCM depended on environmental temperature or Thailand
climate condition which the result shown in figure 4.4. The results are shown that when
the outside temperature was continuously increased to be above 37 °C more than
1 hours, then the PCM started to melt because the PCM need temperature to preheat
itself in the first region, while inside the spaces concrete blocks also absorbed and kept
the heat from light incidence to the wall as a results the temperature in the spaces was
higher than the outside temperature, so in this case they can help PCM melting
effectively. After they started to melt then they would gradually melt more and more
following the outside temperature on that day. When the outside temperature reached
more than 39 °C as a result for inside temperature of the concrete block spaces was
increased about 2 — 3 °C following figure 4.5, so the PCM almost melted more than 90
% that can observe from figure 4.4 since 16:30 PM because the highest temperature in
daytime was normally being 14:00 — 15:30 PM and the heat was absorbed and almost
steady kept in the concrete block spaces, whatever after that the temperature was dropt
less than 36 °C in the evening but the PCM still melted more to reach 100 %. When the
outside temperature was less than 30 °C then the PCM started to melt gradually until
solidification was 100 % occurred after 100 % melting for more than 3 hours.

100
90
80
70
60
50
40
30
20
10

RN
=
‘e

i

plet

12:00 B

Temperature (°C) / Melting (%)

i
[ |
il
B
(=]
2
N
N

10:00 i
10:30
11:00
11:30
13:00 ==
13:30 |
14:00 |
14:30 |
15:00 |
15:30
16:00 |
16:30 |
17:00
17:30 |
18:00 |
18:30
19:00
19:30
20:00
20:30
21:00
21:30

TIMES
% Melting = Tout (oC)

Figure 4.4 Temperature and melting percentages of PCM in concrete block at
different times of day
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Figure 4.5 Outside temperature (T out), inside temperature with the PCM (T with
PCM) and inside the concrete block spaces (T b) at different times of day
on 11 April 2018 at 14:30 - 21:30 PM

4.5 Thermal Performance of Phase Change Material in Building Application

According to the application for the building, it had tested in the outdoor yard
which could receive direct daylight and the results was found that the average light
incidence was about 700 W/m? or 2,520,000 J/h-m? in the afternoon. Then the
efficiency in the aspect of heat capacity from the daylight incidence is following;

4.5.1 Heat absorption from the daylight incidence with the mass of the
PCM

The objective is to reduce the heat from the sunlight before passing through the
wall of the house by 50 % but from the calculation in Appendix C.2 show that if using
the PCM to reduce 50 % of the overall incident heat, 1.15 kg of the PCM will be applied
to the concrete block which area is 0.152 m?. In the reality, it cannot use because of the
space of concrete block and the weight of them that is not suitable for the application
in building. So to reduce 30 % of the heat is more suitable in the case of heat absorption
of the PCM and the weight of the wall, and the required mass of LA-PA eutectic mixture
PCM for the application to reduce the heat is about 688 g. By the way, for the use of
538.5 g in the real application could store 89,875 J per the 0.152 m? which reduced the
heat to pass through the wall of house model about 23.46 % of the heat from daylight
and reduced the inside temperature of the house model with the PCM about 0.5 — 1 °C
when compared to the wall without the PCM.



CHAPTER V
CONCLUSION

5.1 Conclusions

5.1.1 Verification Melting Point of the Composition LA-PA Eutectic Mixture
as Phase Change Material
The preliminary verification to obtain the lowest melting temperature from the
mixture of luaric acid (LA) and palmitic acid (PA) by mixing in eutectic mixture ratio
from 100 — 0 mol %. The results show that LA-PA at a molar ratio 80-20 has the lowest
melting temperature.

5.1.2 Differential Scanning Colorimeter (DSC) Analysis of LA-PA Eutectic
Mixture as Phase Change Material
The eutectic mixture of LA-PA at a molar ratio 80-20 was characterized with
DSC for its melting temperature and it was found that the melting temperature was in
the range of 36.7 °C — 46.9 °C and the latent heat of fusion was 166.9 J/g. The
difference of melting temperature obtained in this work and the value from another
work [2] is around 4 °C because different grade of materials was used as well as
different heating rate and the range of testing temperatures.

5.1.3 Thailand Climate Condition and Room Air Temperature from Using the
Phase Change Material in Building Application
The results from a model placing in sunlight show that when the outside
temperature was continuously above 37 °C more than 1 hours especially on 14:00 —
15:30 PM, then the PCM was melted and the inside temperatures of the house model
with PCM decreased about 0.5 — 1 °C from the inside temperatures of the house model
without PCM in the case of comparison to the concrete block with air spaces. And using
the PCM depends on the weather on that day and it is suitable for summer in Thailand
because they are effective in temperature higher than 37 °C.

5.1.4 Thailand Climate Condition with Melting of the Phase Change Material
in Building Application
The PCM melting results show that when the outside temperature was
continuously increased to be above 37 °C more than 1 hours, then the PCM started to
melt effectively. After they started to melt then they would gradually melt more and
more following the outside temperature on that day. When the outside temperature
reached more than 39 °C as a result for inside temperature of the concrete block spaces
was increased about 2 — 3 °C, so the PCM almost melted more than 90 %. And when
the outside temperature was less than 30 °C then the PCM started to solidify gradually
until solidification was 100 % occurred after 100 % melting for more than 3 hours.

5.1.5 Thermal Performance of the Phase Change Material in Building
Application
For thermal performance study, 538.5 g of this PCM stores 9.0 kJ per 0.152 m?,
leading to 23.5 % reduction of heat transmitted through concrete wall exposed to
sunlight. The temperature inside concrete wall with PCM insert is about 0.5 — 1 °C
lower than the temperature of wall without PCM
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Finally, Concrete block with the PCM can be LHTES by observation from
temperature reduction on day time inside concrete block home model. So it is
possibility of using it for the building that requires energy saving at low cost.

5.2 Suggestions

Further study should be conducted to investigate the following points:

- Another parameters for study in application PCM to building are amount of
PCM and life cycle for this PCM.

- The house model wall that uses concrete block with the PCM can give the
heavy weight of the wall material than another wall material, so the suggestion in this
case is built another hollow block wall by using light weight material.

- Using other fatty acids that has lower melting point than this can be the great
candidate under the climate in Thailand such as capric acid.

- To increase thermal conductivity of the LA-PA eutectic mixture, try to mix
graphite with the mixture of their own components.

- The implementing of the PCM should be in the thin plate shape with covered
plastic to increase the surface area and protect leakage of PCM, respectively.

- The other properties of the 80 — 20 mol% of LA-PA eutectic mixture such as
thermal conductivity of the PCM should be measured by using laser flash apparatus or
guarded hot-plate apparatus for determination heat transfer rate of the wall with PCM
and without PCM.
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A.1 Theory and Principle of DSC [5]

DSC is one of the most widely used PCM measurement methods, because of
the ease with which it can provide large amounts of thermodynamic data. DSC
measures the amount of heat that is needed to increase the temperatures of the test
sample and the reference material across a temperature interval.

Differential scanning calorimetry is a technique determining the variation in the
heat flow given out or taken in by a sample when it undergoes temperature scanning in
a controlled atmosphere. With heating or cooling any transformation taking place in a
material is accompanied by a exchange of heat; DSC enables the temperature of this
transformation to be determined and the heat from it to be quantified.

Two types of Differential Scanning Calorimeters (DSCs) must be distinguished:

- the power compensation DSC,

- the heat flux DSC.

o Heat flux DSC
Temperatures are measured in thin plates in contact with those, there by
measuring the difference in heat flow from crucible. This gives a signal proportional to
the difference in heat capacities between the sample and reference and thus the
instrument will work as DSC.

Heater
Reference  Sample
Atmosphere | |
Control Computer
Reterence thermocouple Sample thermocoupie
Recorder

Figure A.1.1 The parts of heat flux DSC [5]
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e Power compensated DSC

The difference in heat flow to or from as ample and to or from a reference is
monitored as a function of temperature or time, while the sample is subjected to a
controlled temperature program.

The power compensated DSC belongs to the heat-compensating calorimeter
family of measurements methods. The power compensated DSC consists of two
identical micro-furnaces, one for the test sample and the other for the reference with
individual heaters. The sample furnace is heated following a programed temperature—
time schedule, while the reference furnace follows this temperature schedule. It results
in increase and decrease of the temperature in the reference furnace following a
reaction. In this case, the compensating heating power is measured, which is actually
the heat flow difference.

Power compensation DSC measures the power difference (AW) needed to
maintain the reference material and the PCM test sample at the same temperature. This
can be described by the following equation:

4Qs dQg_ dH
dt Cdt dt (A. 1.1

AW=
Where Qs and Qr represent heat absorbed by the sample of the tested material
and a reference, respectively.
Measured enthalpy change per unit time dH/dt can be described as a product of
the total current It and voltage difference AV across the resistance heater as follows:

%: LAV (A.1.2)

Measured heat is compensated during the Power compensation DSC testing
with electric energy, by increasing or decreasing an adjustable Joule’s heat.

This type of DSC is used in this experiment to measure the thermal properties
of LA-PA eutectic mixture in molar ratio 80 — 20 mol %.

Heater

Reference  Sample

Atmosphere
Cortrol P- b

ReffSample | Reterence thermocouple Sample thermocouple
heater

Recorder

Figure A.1.2 The parts of power compensation DSC [5]
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B. 1 Verification Melting Point of the Composition LA-PA Eutectic Mixture as
Phase Change Material

Table B. 1 Verification melting point of LA-PA in molar ratio from 100 — 0 %

Luaric Acid (mol%) Palmitic Acid (mol%) Tmelting (°C)
100 0 44 - 45
90 10 40 - 45
80 20 37-46
70 30 41 - 45
60 40 43 - 46
50 50 46 - 50
40 60 47 -50
30 70 48 - 52
20 80 52 -60
10 90 54 - 60

0 100 62 - 68
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B. 2 Thailand Climate Condition and Room Air Temperature from Using the
Phase Change Material in Building Application

Table B. 2 Data of temperature outside and inside the home model with PCMs and
without PCMs with times

Time T out T with PCM T without PCM
9:50 38.0 33.0 33.0
10:30 39.0 34.0 34.0
11:00 40.0 38:0 35.0
11:30 39.0 36.0 36.0
12:00 39.5 36.0 36.0
12:30 39.0 36.5 36.5
13:00 40.0 36.5 37.0
13:30 40.7 350 35.3
14:00 42.0 37 38.0
14:30 41.6 36.9 37.5
15:00 41.9 37.3 37.8
15:30 42.2 37.3 37.8
16:00 41.2 36.9 37.8
16:30 40.4 36.6 375
17:00 38.0 35.8 36.7
17:30 34.0 354 36.0
18:00 32.0 33.8 34.3
18:30 30.8 32.8 33.0
18:45 30.0 31.8 32.3
19:00 30.5 320 32.5
19:30 30.0 320 32.0
20:00 30.0 31.0 31.0
20:30 29.8 31.5 31.5
21:00 29.0 30.0 30.0
21::30 29.0 30.0 30.0
22:40 28.5 29.0 29.0
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B. 3 Thailand Climate Condition with Melting of the Phase Change Material in
Building Application

Table B. 3.1 Data of average melting percentage of PCMs in concrete block with any
temperatures and times

Time % Melting | T o (°C)
10:00 0.00 38.0
10:30 0.00 39.0
11:00 1.00 40.0
11:30 2.00 39.0
12:00 3.85 39.5
12:30 5.13 39.0
13:00 10.26 40.0
13:30 2141 40.7
14:00 25.64 2.0
14:30 51.53 41.6
15:00 71.43 41.9
15:30 73.31 42.2
16:00 83.36 41.2
16:30 91.09 40.4
17:00 96.95 38.0
17:30 100.00 34.0
18:00 100.00 32.0
18:30 100.00 30.8
19:00 100.00 30.0
19:30 97.00 30.5
20:00 75.00 30.0
20:30 72.00 30.0
21:00 50.00 29.8
21:30 30.00 29.0
22:00 10.00 29.0
22:30 0.00 285
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Figure B. 3 Average melting percentage of PCMs in concrete block with times

Table B. 3.2 Data of the outside temperature (T out), inside temperature with the
PCM (T with PCM) and inside the concrete block spaces (T b) with time
on 11 April 2018 during 14:30 - 21:30 PM at KMITL, Bangkok, Thailand

Time Tout(°®C) | Th(°C) | T with PCM (°C)
14:30 40.5 42.0 375
15:00 41.0 44.0 38.0
15:30 415 46.0 38.0
16:00 40.0 46.0 38.0
16:30 39.0 45.0 37.0
17:00 37.0 44.0 36.5
17:30 33.0 43.0 35.5
18:00 32.0 39.0 345
19:15 30.0 33.0 32.0
19:50 30.0 33.0 31.0
20:30 295 33.0 31.0
21:00 29.0 32.0 30.0
21:30 29.0 32.0 30.0
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C.1 Calculation Molar Ratio of Lauric Acid and Palmitic Acid Mixture as any
Component

e 80-20 mol % of LA-PA
g=nxMw (C.1)

Molecular weight of LA = 200.32 g/mol
Molecular weight of PA = 256.43 g/mol

Mass of LA (g) = 0.8 mol x 200.32 g/mol = 160.256 g
Mass of PA (g) = 0.2 mol x 256.43 g/mol=51.286 ¢

C.2 Calculation heat from the Daylight Incidence with the Mass of the PCM

e Calculation Mass Prediction of PCM with the Heat from Light
Incidence

Light incidence in the afternoon = 700 W/ m? = 700 J/s/m?
= 2,520,000 J/hr/ m?
Heat of fusion of the PCM is 166.9 J/g

If want to reduce heat 50 % =0.5 x 2,520,000 J/hr/ m? = 1,260,000 J/hr/ m?

Since O =mL (G.2)
m = 1,260,000 J/ 166.9 J/g
m=7,54943 g
If 1 m? use PCM =7,549.43 ¢

If 0.19 x 0.40 m? use PCM=573.76 g
For the house model area for using PCM = 0.19 x 0.40 m? x 2 = 0.152 m?
Then mass of PCM that use for reduce 50 % of maximum heat is 1,147.52 g

If want to reduce heat 30 % =0.3 x 2,520,000 J/ht/ m?>= 756,000 J/hr/ m?

m = 756,000 J/166.9]/g

m = 4,529.66 g
If 1 m? use PCM =4,529.66 g
1£f0.19x 0.40 m?>x 2 use PCM=68851¢g

So the mass of PCM that use for reduce 30 % of maximum heat is 688.51 g

e Calculation Latent Heat from the Used Mass of PCM in Real
Application

Mass of PCM that used = 538.5 g
Or=mL (C.2)
QL=538.5gx166.9 J/g
Then QL =89,875.651]
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e Calculation Heat from Light Incidence with Latent Heat from the

Used Mass

Light incidence in the afternoon = 2,520,000 J
If 1 m? =2,520,000J

I£0.19 x 0.40 m? =191.500]

For the house model is 0.19 x 0.40 m?x 2 =1383,040J

Then the heat can pass through the wall =383,040.00 J — 89,875.65 J
=293,164.35]

89,875.651]
383,040.00J

=0.2346 x 100 %
=23.46 %

So this used PCM can absorb heat before go to inside the wall =
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