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Introduction 

 

In recent years, latent heat storage systems using phase 

change materials (PCMs) have been extensively investigated 

for their potential in advanced thermal energy storage 

technology. As the name suggests, PCMs absorb and release a 

tremendous amount of heat at almost certain temperature 

when material undergoes phase transition. PCMs have 

received a great attention as an effective technology for 

energy saving and have been considered as an alternative to 

sensible heat storage. Although PCMs display an outstanding 

heat storage performance, the leakage of melted PCMs during 

heat storage is a major concern. The encapsulation of PCMs 

is a promising technique to overcome the problem since 

PCMs can be perfectly kept in suitable containers. It makes 

PCM easy to handle, avoids interaction with the surrounding 

environment and increase heat transfer area. The selection of 

suitable applications of PCM mainly depends on melting 

temperature of material. To service high temperature 

applications, the development of high temperature PCM is 

needed. However, few reports on the synthesis of high-

temperature MEPCMs are available to date. This thesis 

involves research works attempting to develop the high-

temperature thermal energy storage Al-based 

microencapsulated PCMs (MEPCMs) with high thermal 

cyclic durability. Al-Si alloys (melting temperature = 577˚C) 

and Al (melting temperature = 660˚C) were chosen as starting 

materials due to their high melting temperature and large 

latent heat storage capacity. Furthermore, the thermal cyclic 

durability of developed materials was evaluated by repeated 

heating and cooling process in air. 

 

Experimental 
 

Microspheres of Al and Al-Si were used as the starting 

materials were chosen as starting materials. The microspheres 

was encapsulated by two facile steps; firstly, boehmite 

coating process was conducted, the raw materials were boiled 

in distilled water to form AlOOH over PCM particles. 

Secondly, high temperature heat oxidation treatment was 

performed at high temperature, 1100 ˚C, 1150 ˚C and 1200 

˚C, under O2 atmosphere. The sample morphology, element 

distribution, phase composition, were observed by SEM-EDS, 

XRD. Mean diameter size was measured by laser particle size 

analyzer. Latent heat storage capacity and phase transition 

temperature were estimated by DSC with heating/cooling rate 

2 ºC min-1. The thermal cyclic performance of the synthesized 

materials was also experimentally investigated through the 

repeated process of heating and cooling from 500 ˚C to 650 

˚C for Al-Si MEPCM and 600 ˚C to 750 ˚C for Al MEPCM 

Furthermore, thermal cyclic durability improvement of Al 

MEPCM was investigated. An addition of Al(OH)3 and 

precipitation treatment (by lowering solution temperature 

after boehmite coating process) were introduced in order to 

increase shell thickness and to modify shell structure. As well 

as, higher heat oxidation temperate (1300 ˚C) was 

implemented to study the effect of heat treatment temperature 

on thermal cyclic durability of developed materials.  

 

Results 

 

In Al-Si MEPCM development, five compositions of Al-Si 

microspheres were chosen to suggest the optimum 

composition. The developed MEPCMs are composed of Al-Si 

core and α-Al2O3 shell. There was no cracks and PCM 

spilling out after encapsulation. The DSC results show that 

the largest latent heat storage capacity was contributed from 

the MEPCM prepared from Al-12mass%Si (near eutectic 

compound) and it significantly decreases when composition 

of PCM core differs greatly from the eutectic point. 

Moreover, the increase in heat oxidation temperature also 

decreases heat storage capacity of developed MEPCMs. The 

MEPCM prepared from Al-12mass%Si and heat oxidized at 

1200 ˚C demonstrated its good repetition durability up to 100 

cycles whereas shell damage was detected in MEPCM heat 

treated at lower temperature (1100 ˚C and 1150 ˚C) 

suggesting the cyclic performance of MEPCM could be 

improved by increasing heat oxidation treatment temperature. 

However, for Al MEPCM which prepared by the same 

method as Al-Si MEPCM, the vast amount of ruptured shells 

and spilling out of PCM core were observed after 100 cycles 

test. This result indicates poor repetition durability owing to a 

large volume expansion during solid-liquid phase transition of 

Al core. To improve the cyclic performance, the precipitation 

treatment with/without addition of Al(OH)3 were applied. 

After precipitation treatment, shell thickness was increased ~2 

µm compared to after boehmite treated sample, as well as, 

two-layer shell was exhibited. This precursor shell consists of 

AlOOH and Al(OH)3. After heat oxidation treatment at 1300 

˚C, XRD and EDS confirmed the presences of α-Al2O3 which 

form as a capsule shell. SEM image of cross-section of 

developed MEPCM revealed the existence of large voids 

inside PCM core which would function as a buffer for volume 

expansion of PCM during phase transition. After 300 cycles 

test, the samples have retained perfect encapsulation without 

spilling out of PCM core. DSC curves also confirmed high 

thermal stability of developed materials. Even after 300 

cycles, the phase transition temperature and the thermal 

storage ability of MEPCMs are consistent with those of as-

synthesized ones. These results demonstrate the great 

potential of synthesized Al-MEPCM as thermal energy 

storage materials for high-temperature application. 


