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ARTICLE INFO ABSTRACT

Keywords:

The aim of this research was to develop a form-stable phase change material by incorporating paraffin (PA) into
palm oil fuel ash (POFA) through direct impregnation. The developed composite was characterized using
Scanning electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR) to determine the
microstructure and chemical property. The thermal properties of the composite was determined using Differ-
ential scanning calorimetry (DSC). The thermal reliability and thermal stability were assessed using Thermog-
ravimetric analyser (TGA) and thermal cycling tests. Then, the developed form-stable composite was
incorporated into cement mortar to evaluate their effects on compressive strength and thermal energy storage
ability. From SEM results, PA was absorbed into pores of POFA. FTIR results showed there was no chemical
interaction between PA and POFA. Latent heat of the composite was 13.34J/g and 13.19 J/g for melting and
solidification respectively. TGA and thermal cycling tests have validated that the composite was thermally stable
and reliable. Incorporation of PA-POFA composite into cement mortar reduced compressive strength signifi-
cantly. Incorporation of sufficient quantity of PA-POFA composite into cement mortar could increase thermal

Phase change materials
Palm oil fuel ash: POFA
Latent heat

Thermal properties

inertia and minimize temperature fluctuations of the mortar and model test room.

1. Introduction

Electric energy consumption by air conditioners and electric fan
account for 20% of the total building energy consumption [1]. Due to
the ever-growing population, there is a high demand for housing and
commercial space globally which results in a persistent rise in buildings
over the years, translating to increasing energy demand. Incorporation
of phase change materials (PCMs) into building materials could poten-
tially reduce the dependency of HVAC systems by acting as a latent heat
thermal energy storage (LHTES) medium. It absorbs and releases sub-
stantial amounts of thermal energy from the environment during phase
transition and when incorporated into building materials, could intro-
duce thermal regulating properties.

PCMs are incorporated into building materials through direct
incorporation, immersion and encapsulation techniques. Direct incor-
poration means PCMs are directly mixed with cementitious building
materials during fabrication. For immersion technique, building

materials are submerged into liquid PCMs and absorbed through capil-
lary action. Encapsulation is achieved by encapsulating PCMs within a
suitable shell material. Encapsulated phase change materials are pre-
pared in two methods, macroencapsulation and microencapsulation [2].

Form stable PCMs are prepared by impregnating PCMs into porous
supporting materials by immersion or vacuum impregnation. Various
porous medium such as diatomite [3-6], expanded perlite [4,7 ],
expanded graphite [9-11], expanded vermiculite [12,8,13], pumice
[14], molecular sieve [15], silica fume [16,17], cenosphere [18] and
kaolin [19-21], have been used to prepare form-stable PCM. A research
showed that paraffin impregnated lightweight aggregates could be used
to produce lightweight concrete with a density of about 1700 kg/m> and
compressive strength up to 30 MPa [22]. A further research showed that
lightweight concrete with compressive strength up to 53 MPa could be
produced using mix design developed using Taguchi method [23].

The use of waste materials to produce form stable PCMs has been
reported. The waste materials investigated are blast furnace slag [24,
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25], waste glass powder [24]), carbonized abandoned rice [13,26], sil-
icagel industrial wastes [27] and carbonized sunflower straw [28]. Palm
oil fuel ash (POFA) is a waste material produced in immense amounts in
Malaysia. The ash is derived from residues of palm oil industry waste
burnt at a temperature range of 800 °C-1000 °C for electricity genera-
tion. POFA has been identified as a porous material with high silica
content and it has been used as partial replacement of ordinary Portland
cement to enhance the durability and strength of concrete [29-32].

POFA is a viable alternative to produce form-stable PCM composite
due to its porous microstructure and easy availability in Malaysia. There
is no study on characterization of thermal energy storage properties of
PA-POFA composite and its application for cement mortar. Thermal
energy storage mortar could be used as plaster coating of internal or
external walls where it could reduce indoor temperature by absorbing
heat energy thus reducing energy consumption for cooling. This
research aims to evaluate chemical compatibility, thermal stability and
latent heat of the proposed PA-POFA composite through SEM, FT-IR,
TGA, DSC and thermal cycling tests. Then, effects of PA-POFA com-
posite on compressive strength and heat storage capability of cement
mortar were studied.

2. Experiment program
2.1. a. Materials

Organic phase change material, paraffin was chosen in this study due
to its desirable properties such as high latent heat, thermally reliable
during phase change process, non-corrosive and chemically inert. RT31
technical grade paraffin (PA) produced by Rubitherm with solid to
liquid phase change temperatures of 27 °C-33 °C was utilized for this
study. From the data sheet of RT31, the thermal conductivity is 0.2 W/
mK, while the specific heat and heat capacity is 2 J/kgK and 165 kJ/kg,
respectively. POFA was chosen as the medium to absorb PA as it has
porous microstructure and available abundantly in Malaysia. POFA was
obtained from Banting Palm Oil Mill, located in Selangor, Malaysia. The
ash was derived from residues of palm oil industry waste burned at a
temperature range of 800 °C-1000 °C for electricity generation. POFA
was dried in an oven at 105 °C for 24 h to remove moisture and then
sieved through a 425 pm sieve. Fig. 1 shows the sieved POFA used in this
study. The chemical composition of POFA was determined using XRF
machine (PEDX-1400 Shimadzu) at University Malaya and the results
are listed in Table 1. The specific gravity of POFA was measured using
pycnometer, while the BET specific surface area was obtained using gas
absorption method (Micromeritics ASAP 2020). The median particle size
of POFA was determined using Malvern Mastersizer 3000 series. The
physical properties are listed in Table 1.

2.2. b. Preparation of form-stable PA-POFA composite

PA-POFA composite was prepared through direct impregnation
technique by mixing PA and POFA at various mass ratios. Direct

Fig. 1. Sieved POFA.
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Table 1
Chemical compositions and physical properties of POFA.

Chemical compositions

Silicon dioxide (Si03) 63.26%
Potassium oxide (K,0) 17.52%
Calcium oxide (CaO) 13.63%
Iron oxide (Fe;03) 4.10%
Physical properties

Specific surface area 9.8m%/g
Median particle size, dso 25.5 um
Specific gravity 1.74 g/cm®

impregnation was chosen over vacuum impregnation as it was reported
that the difference between two methods was negligible [6]. The PA was
heated above the melting temperature using a hot plate and it was in
liquid form during preparation process. POFA was added into liquid PA
and stirred constantly. The composite was then cooled down to room
temperature where PA changed to solid state and form-stable PA-POFA
composite was formed.

PA and POFA with mass ratios of 1:2, 1:3, 1:4, 1:5 and 1:6 were
prepared and tested using the diffusion oozing circle test. The test was
conducted by placing PA-POFA composite on filter papers within a
marked circle of 30 mm diameter and then heated in an oven at 40 °C for
1 h. The mass ratio of 1:5 presented the highest absorption ratio with
minimal leakage therefore it was chosen for the subsequence charac-
terization and testing with cement mortar. Leakage percentage can be
calculated through Eq (1) [7].

D, — Dy

L% = B, x 100 (€]

where Dy is the diameter of test area (30 mm); D; is the diameter of PCM
leakage.

2.3. c. Characterization of form stable PA-POFA composite

The morphology and microstructure of POFA and the developed
form-stable PA-POFA composite was analysed using Hitachi SU8010
scanning electron microscope (SEM). The SEM was operated in the
secondary electron detection mode with an accelerating voltage of 5 kV.
The sample was sputter coated with platinum and placed on the carbon
tape attached to the sample holder. The chemical compatibility between
PA and POFA was investigated using a FTIR spectrophotometer from
400 cm ™! to 4000 cm ™. The FTIR analysis was performed using Thermo
Scientific Nicolet iS10 via attenuated total reflectance method.

DSC tests were conducted to assess the phase change temperatures
and latent heat of the prepared form stable PA-POFA composite. It was
performed using PerkinElmer DSC 4000 and two-point calibration was
done using indium and zinc. Around 10 mg sample was inserted into the
sealed aluminium sample pan. The DSC tests were conducted from 10 °C
to 50 °C at a scanning rate of 5°C/min. TGA analysis was performed to
evaluate the thermal stability of the composite using TA Instruments
Q50 thermal gravimetric analyser. The analysis was carried out at a
heating rate of 10 °C/min from room temperature to 600 °C. Nitrogen
was used as the purge gas.

Thermal cyclic test was performed to evaluate the thermal reliability
of PA-POFA composite after subjected to 1000 heating and cooling cy-
cles. This was done using Bio-Rad T100 Thermal Cycler at Genomics
Laboratory, Monash University Malaysia. The sample was heated to
70 °C and then cooled to 5 °C for 1000 cycles. DSC and FTIR tests were
performed on the treated samples.

2.4. d. Compressive strength and thermal testing on mortar incorporated
with PA-POFA composite

PA-POFA composite was integrated into cement mortar to produce
thermal energy storage mortar (TESM). Four mix proportions were
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considered as shown in Table 2, the control mortar without PA-POFA
composite and mortar incorporated with 10%, 20% and 40% of PA-
POFA composite by total volume. The composite was incorporated as
a partial replacement of sand. The water-cement ratio and sand-cement
ratio used for all mix designs was 0.65 and 2.75 respectively. The spe-
cific gravity for cement was 3.15, 2.7 for sand and 1.49 for the PA-POFA
composite. Mortar cubes of 50 x 50 x 50mm® were prepared for
compressive strength tests. Two samples were prepared for each mix
proportion. The samples were cured in a water bath at the room tem-
perature for 28 days.

For thermal testing, mortar panels with dimensions of
200 x 200 x 50 mm> were fabricated for each mix proportion. The test
setup consisted of a model room, a hot plate and thermocouples con-
nected to a data logger. The model room was assembled using five
polystyrene boards with a thickness of 25 mm and one mortar panel to
form an enclosed space as shown in Fig. 2. Polystyrene boards were
placed around the perimeter of the mortar panel to prevent heat loss to
the surroundings. The model room was placed on top of a hot plate
where the mortar panel was subjected to a constant temperature of 40 °C
for 6 hours and then cooled naturally for another 6 hours. Four ther-
mocouples were placed on the inner surface of the mortar panel and one
thermocouple at the centre of the model room to monitor temperature
change.

3. Experimental results

Characterization results of PA-POFA composite were first presented
to understand physical and chemical interactions between PA and POFA
followed by thermal stability and heat capacity of PA-POFA composite.
Then effects of PA-POFA composite on compressive strength and ther-
mal properties of mortar were reported.

3.1. a. Leakage test of PA-POFA composite

Table 3 presents the leakage percentage of PA-POFA composite
determined using Eq (1). It was observed that the composite showed
severe leakage of 53.3% at a ratio of 1:3 (PA:POFA) followed by mod-
erate leakage of 22.5% for the ratio of 1:4. Based on these results, the
composite with the ratios of 1:3 and 1:4 was classified as extremely
unstable and unstable, respectively [7]. While the composite with ratios
of 1:5 and 1:6 were classified as stable because the percentage of leakage
was equal to or less than 10%. Trace of paraffin observed on filter papers
for these two ratios could be due to PA coating on the surface of POFA
particles while PA absorbed in the pores remained stable due to capillary
action. The optimum mass ratio was determined to be 1:5 for PA:POFA
used in this study as it contained the largest quantity of PA while con-
forming to the classification of form stable PCM [7]. The composite with
PA:POFA ratio of 1:5 will be characterized further in subsequence
sections.

3.2. b. Morphology of PA-POFA composite

Fig. 2 presents the morphologies of both POFA and PA-POFA com-
posite. Fig. 3 (a) and (b) show that POFA consisted of a mix of spherical
and angular particles with porous microstructures. From these SEM
images, it was observed that pore sizes ranged between 0.4 pm and 4 pm
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which allowed the absorption of the liquid PA. From Fig. 3 (c) and (d), it
could be observed that PA has coated the POFA surface. In spite of the
vacuum environment in the chamber, PA was still attached to POFA due
to surface tension forces and capillary action. Coalescence of POFA
particles was observed as paraffin acted as binder.

3.3. c. FTIR analysis of PA-POFA composite

FTIR analysis was carried out to characterize the chemical structures
of PA, POFA and PA-POFA composite. From Fig. 4, three characteristic
absorption bands observed for POFA were 580 cm ™}, 788 cm™! and
1008 em ™! similar to results reported by Runyut et al. [33]. The vibra-
tion peaks at 788 cm ! and 1008 cm ! corresponded to symmetric
stretching vibrations of Si-O-Si groups and asymmetric stretching vi-
bration of Si-O-T (T=Si or Al) groups which indicated presence of quartz
materials. Whereas, four main characteristic peaks were identified for
PA at 721 cm’l, 1467 cm’l, 2849 cm~! and 2916 cm™!. The peaks at
721 ecm ! and 1467 cm™! signified bending vibrations of C-H while
2849 cm ™! and 2916 cm™! corresponded to the symmetrical stretching
vibrations of C-H.

The FTIR spectra for the PA-POFA composite showed that all main
characteristic bands of PA and POFA were detected where peaks at 580
cm’1,788 cm ! and 1004 cm ! attributed to POFA particles while peaks
at 720 cm ™}, 1467 cm ™!, 2849 cm ™! and 2916 cm ! were related to PA.
The minor shifts observed in some peaks could be due to physical in-
teractions between PA and POFA such as capillary and surface tension
forces [24]. Furthermore, no new band was detected in the spectra of
PA-POFA composite and it could be concluded that no chemical reaction
occurred between the functional groups of PA and POFA. Therefore, the
FTIR results demonstrated a good chemical compatibility between PA
and POFA.

3.4. d. Thermal stability of PA-POFA composite

TGA analysis was conducted on the PA-POFA composite to investi-
gate its thermal stability. TGA curves for PA and the PA-POFA composite
are presented in Fig. 5. For PA, a one-step weight loss was observed
between 150 °C and 260 °C which signified the thermal decomposition
of PA. The starting decomposition temperature was close to the flash
point of RT 31 of 157 °C. For PA-POFA composite, a two-step weight loss
was identified where a sharp weight loss occurred at the temperature
range of 150-200 °C due to thermal decomposition of PA. The gradual
weight loss from 200 °C to 600 °C could be due to decomposition of
paraffin absorbed in the POFA pores. The total weight loss was about
12%. As the decomposition temperature of PA-POFA composite was
significantly higher than the phase change temperature (27 °C-33 °C), it
could be concluded that the developed PA-POFA composite demon-
strated good thermal stability and hence, is suitable for building
applications.

3.5. e. Thermal properties of PA-POFA composite

Thermal energy storage performance and phase change tempera-
tures of PA-POFA composite were determined through DSC analyses.
The DSC curves with key information such as peak temperatures, onset
temperatures and latent heat for both PA and PA-POFA composite are

Table 2

Mix proportions of mortar.
Constituent Control TESM-10 TESM-20 TESM-40

Volume (m®) Mass (kg) Volume (m%) Mass (kg) Volume (m?%) Mass (kg) Volume (m?%) Mass (kg)

Cement 0.16 504 0.16 504 0.16 504 0.16 504
Water 0.33 328 0.33 328 0.33 328 0.33 328
Sand 0.51 1386 0.41 1116 0.31 846 0.11 306
PA-POFA 0 0 0.1 149 0.2 298 0.4 596
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Thermocouple A: Center of model room
Thermocouple B: On the top surface of TESM panel

190
25

Polystyrene ———»| & R A

TESM Panel
(enclosed with polystyrene)

Hot Plate

Fig. 2. Thermal testing on insulated mortar panels.

shown in Fig. 6. The onset temperature showed the melting or solidifi-
cation temperature of a PCM. From Fig. 6, it could be observed that PA-
POFA composite exhibited stable phase change behaviour. The melting

Table 3
Leakage test results.

PA:POFA proportion 1:3 1:4 1:5 1:6 and solidification temperatures for PA were 28.02 °C and 33.3 °C while
Test diameter (mm) 30 30 30 30 they were 28.18 °C and 32.02 °C for PA-POFA composite. This showed
Avg. diameter of leakage (mm) 46 36.75 33 3275 that POFA reduced supercooling effect of PA, where the temperature
Leakage percentage (%) 53.3 225 1o o-16 difference between melting and solidification was 5.28 °C for PA, while

it reduced to 3.84 °C for PA-POFA composite. The difference in melting
and solidification temperatures between PA and PA-POFA composite
were 0.16°C and 1.28°C respectively. The difference in the phase

' 1
10.0um

100um 5.0kV 8.1mm x3.00k SE(UL) 10.0um

© )

Fig. 3. SEM images of (a) POFA at 500 x magnification; (b) POFA at 3000x magnification; (c¢) PA-POFA composite at 400 x magnification; (d) PA-POFA composite at
3000x magnification.
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Fig. 5. TGA curves for PA and PA-POFA composite.

change temperatures could be attributed to the physical interaction

between PA and POFA, thermal conductivity and pore structure of the

POFA [34]. The latent heat for melting and solidification was identified

to be 112.32 J/g and 114.45 J/g for PA. For PA-POFA composite, it was

13.34J/g and 13.19J/g, respectively. The weight percentage of PA

impregnated into POFA could be calculated using Equation (2).
AHpa_pora

W%pa = 7.~ 100 ()]
PA

where W%p, is the weight percentage of PA; AHp, is the latent heat of
PA; AHpa_pora is the latent heat of PA-POFA composite. The calculated
weight percentage was 11.87% and it was consistent with the results
from TGA analysis. The weight percentage of PA absorbed by POFA is
comparable to octadecane absorbed by bentonite [35]. From these re-
sults, it could be deduced that the developed PA-POFA composite has
suitable thermal energy storage potential for building application.

3.6. f. Long term stability of PA-POFA composite

PA-POFA composite was subjected to 1000 heating and cooling cy-
cles and then the composite was tested using FTIR and DSC to evaluate
its long term stability. From FTIR results, there was no change of peaks
before and after 1000 cycles thus indicating that the chemical structure
of PA-POFA composite was maintained. DSC curves for PA-POFA com-
posite before and after thermal cyclic treatment are shown in Fig. 7.
After the thermal cyclic treatment, the difference in phase change
temperatures was determined to be 2.32 °C and 4.32 °C for melting and
solidification, respectively. The latent heat reduced by about 10%,
which was 1.28 J/g and 0.98 J/g for melting and solidification, respec-
tively. The composite was considered as stable because the reduction in
latent heat was minor and still acceptable for applications of thermal
energy storage. However, the change of melting and solidify
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temperatures over time could affect temperature regulation inside the
buildings. Therefore more research is required to study the long term
behaviour of PA-POFA composite.

3.7. g Compressive strength of TESM

Fig. 8 presents the compressive strength of the control mortar and
TESMs. It could be deduced from the results that increasing amounts of
PA-POFA composite would reduce the compressive strength of mortar.
The average compressive strength for the control, TESM 10, TESM 20
and TESM 40 was 26.4MPa, 17.9MPa, 12.7 MPa and 10.3 MPa,
respectively. When the composite occupied 10%, 20% and 40% of the
total volume, the percentage of reduction in compressive strengths was
32.2%, 52.1% and 61.2% respectively. The reduction of compressive
strength could be attributed to unground POFA and PA used in this
study.

POFA has been used to partially replace cement in concrete as it
contributes to filler effect and pozzolanic reaction. POFA particles are
finer than sand, they fill in the voids between sand and coarse aggregates
thus producing a more homogeneous mix. POFA contains high per-
centage of silicon dioxide (SiO;) and aluminium trioxide (AlyOs3).
Pozzolanic reaction occurs as SiOy and AlO3 react with calcium hy-
droxide (Ca(OH);) to form calcium silicate hydrate (C-S-H), calcium
aluminate hydrate (C-A-H) and calcium silicate hydrate (C-A-S-H). It
was found that ground POFA with smaller particle sizes than OPC could
increase compressive strength of concrete when 20% of OPC Type I was
replaced by ground POFA [36]. However, research also found that un-
ground POFA was not a suitable pozzolanic material because it reduced
the concrete compressive strength [29,37]. Noorvand et al. [29] also
mentioned that addition of unground POFA weakened the microstruc-
tures of cement mortar due to the porous structure of POFA. Low
pozzolanic reaction and porous microstructure of unground POFA
caused reduction of mortar compressive strength in this study. Even
though PA filled POFA voids in this study, PA has very low strength as it
is in a gel form at the solid state, therefore it will not increase the
strength of POFA. The reduction of compressive strength observed in
this study could also be attributed to the PA adhered on the surface of
POFA particles which hindered the pozzolanic reaction. PA adhered on
the surface of POFA particles resulted in poor bonding at the interfacial
transition zone (ITZ) and caused further reduction in compressive
strength. Despite the significant loss in compressive strength, TESM-40
achieved more than 10 MPa which satisfied requirements for wall
plastering applications and certain masonry mortar applications up to
M10 mortar requirements based on BS EN 998-1 and BS EN 998-2.

3.8. h. Thermal energy storage performance of TESM

Thermal energy storage performance of TESM was evaluated by
monitoring the temperature change in the model test room and on the
inner surface of the TESM when its outer surface was subjected to a
constant temperature of 40 °C. The temperature time histories are pre-
sented in Fig. 9. Generally, a decreased rate of temperature rise was
observed except TESM 10, and it became more prominent with
increasing amounts of PA-POFA composite in mortar. These results
showed that incorporation of 10% of PA-POFA composite in the mortar
was not effective in increasing the heat absorption capacity of mortar.
This could be attributed to the low quantity of PA added to mortar,
where the added PA was about 2% only of the total mortar volume based
on the chosen PA:POFA ratio of 1:5. Furthermore, TESM 10 showed a
slightly higher rate of temperature gain at about 0.2 h compared to the
control sample. This small variation could be due to the random errors as
there was insufficient samples prepared for this test.

Thermal inertia of mortar could be improved by adding more than
20% of PA-POFA composite as the thermal lag effect could be observed
clearly from TESM 20 and TESM 40 samples. For instance, TESM 20 and
TESM 40 prolonged the time required for the inner surface to reach a
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temperature of 35°C by 27 and 68 min, respectively. The heat energy
absorbed by PA during phase transition from solid state to liquid state
contributed to the lower temperature increase rate observed. The
maximum inner surface temperature of mortar panels observed was
39.1°C, 38.8°C, 38.3°C and 37.9 °C for the control, TESM 10, TESM 20
and TESM 40, respectively. The maximum indoor temperature of the
model test room was 35.6 °C, 35.4 °C, 35.2°C and 34.3 °C for the con-
trol, TESM 10, TESM 20 and TESM 40, respectively. The temperature
difference between the inner surfaces of the control mortar and TESM 40
sample was 1.2 °C while it was 1.3°C for the indoor temperature be-
tween these two samples. These results demonstrated that the maximum
temperatures of mortar panels and model test room reduced when
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Fig. 9. Temperature time histories (a) on the inner surface of mortar panels; (b)
at the middle of model room.

amounts of PA-POFA composite increased, even though the difference
was not significant. The lower maximum temperature of TESM samples
could be attributed to the low thermal conductivity of PA which is
0.2 W/mK. Fig. 9 depicts a reduced rate of heat loss for TESM 20 and
TESM 40 compared to the control panel during the cooling phase. This
phenomenon was caused by the discharge of thermal energy from PA
when it changed from liquid state to solid state. This effect intensified
with increasing amounts of PA-POFA composite.

Based on the results obtained, it could be deduced that by incorpo-
rating sufficient amount of PA-POFA composite into mortar, the thermal
inertia of mortar increased and the temperature fluctuations in buildings
could be reduced. It was worth noting that no leachate of PA could be
observed from the samples after thermal testing which demonstrated
short term stability of the mortar panels with PA-POFA composite.
Further investigation on long term stability of mortar panels with PA-
POFA composite is recommended.

4. Conclusion

This paper presented an experimental study to evaluate chemical and
thermal properties of the proposed PA-POFA form stable PCM com-
posite. Porous microstructures of POFA particles observed by the SEM
analysis confirmed that POFA is a suitable medium to produce form
stable phase change materials as PA could be confined successfully in
POFA particles. The FTIR results showed that the PA and POFA were
chemically compatible as there was no chemical reaction between PA
and POFA that could affect the efficiency of PA to absorb heat energy.
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TGA test results revealed that the decomposition temperature of PA-
POFA composite was more than 100°C, which was significantly
higher than the phase change temperature of PA, therefore the PA-POFA
composite could maintain good thermal stability within the normal
buildings operating temperature range. The DSC analysis results showed
that phase change temperatures of PA-POFA composite changed slightly
compared to phase change temperatures of PA due to physical interac-
tion between PA and POFA. The latent heat of PA-POFA composite was
proportional to the amount of PA incorporated into POFA.

Incorporation of PA-POFA composite into cement mortar caused
significant decrease in compressive strength due to lack of pozzolanic
reaction and porous structures of unground POFA. The lower compres-
sive strength could also be attributed to coating of PA on POFA particles
surface which inhibited pozzolanic reaction and caused poor bonding at
the interface transition zone. The results showed that cement mortar
incorporated with 40% PA-POFA composite could achieve a compres-
sive strength of 10 MPa, and it is suitable for wall plastering applica-
tions. By incorporating sufficient amount of PA-POFA composite into
mortar, the thermal inertia of mortar increased and the temperature
fluctuations in buildings could be reduced. The maximum temperature
of TESM samples was reduced due to the low thermal conductivity of PA.
Further investigations on long-term thermal stability and inflammability
of thermal energy storage mortar incorporated with PA-POFA composite
are recommended.
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