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WHAT ARE PHASE CHANGE  
MATERIALS (PCMs)?
Materials that store and release large amounts of thermal 
energy during a phase transition (solid liquid) at nearly 
constant temperature.

Main types of encapsulated PCMs
Macrocapsules

(M-PCM)
Microcapsules

(m-PCM) 

𝑑 > 1𝑚𝑚1μm ≤ 𝑑 ≤ 1000𝜇𝑚

Main types of PCMs in terms of chemical nature
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• Building and Construction
• HVAC
• Textiles
• Food packaging 
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PCMs & Applications

Building & Construction 



Why PCMs Matter for Sustainable Buildings

 Reducing Energy Consumption: PCMs increase the thermal mass of buildings, reducing the need for heating 
and cooling as they have a higher heat capacity compared to standard building materials

 Improving Thermal Comfort: Keep the temperature stable, absorbing temperature extremes

 Reduction of CO2 Emissions: Reduced heating/cooling needs lead to reduction of CO2 emissions

 Sustainable Production: Environmentally friendly processes. 
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• Pandemic • Energy crisis
• Climate change • Geopolitical developments

A new reality for societies worldwide 

The European Green Deal aims to 
achieve a climate-neutral Europe by 2050

2030 2040 2050

55% reduction 
in greenhouse 
gas emissions

80% reduction 
in greenhouse 
gas emissions

Net Zero emissions
(Climate Neutrality)

PCMs



THE CHALLENGE 
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• High production cost
• Growing use in Europe, one of six advanced-materials solutions cited by the 

Smart Cities Stakeholder Platform (EIP-SCC, 2013).
• But production remains mainly outside Europe

Rubitherm GmbH (Germany) and others

Microtek Laboratories Inc. (USA)
Croda (USA)
Encapsys LLC (USA)
MikroCaps (EU-Slovenia)

Rubitherm GmbH (Germany)

Micro-encapsulated PCMs

Macro-encapsulated PCMs

Basic PCM materials

• In Europe: Mainly basic-raw PCM materials

“Global distribution of PCM usage – IMARC Group (2024)”

Europe exhibits a clear dom
inance, 

accounting for the largest m
arket share.
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SCOPE

The purpose of the work is to develop shape-stabilized PCM composites 
for building applications, produced entirely within Europe and based on 

natural materials to ensure sustainability and cost reduction.
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A. Materials Selection
• Expanded perlite & vermiculite: natural porous supports materials
 Expanded perlite (Perlorock), fine-grained (0.1–0.5 mm)
 Expanded vermiculite (Vemiterra super fine) (0,25 – 1,5 mm)
• RT24 paraffin: organic PCM (melting point ≈ 24 °C)

Expanded Perlite Expanded Vermiculite

B. Encapsulation Process-Experimental
1. Drying of expanded perlite and vermiculite
2. Melting of organic PCM RT24
3. Mixing of expanded perlite/vermiculite with RT24
4. Vacuum impregnation into porous structure
5. Application of surface modifier 
C. Material Characterization and Properties
• Leakage test
• Thermal analysis (DSC)
• Thermal stability (thermal cycling test)
• Morphological analysis (SEM)

Development and Experimental Procedure



M a t e r i a l  C h a r a c t e r i z a t i o n  a n d  P r o p e r t i e s

Leaching 
test

Leaching Test 
Step 1 – Sample preparation
The final composite PCM sample is placed in a petri dish with filter paper.
Step 2 – Thermal exposure
The petri dish is placed in a laboratory drying oven and kept at 65 °C for 3 days.
Step 3 – Weighing
After exposure, the petri dish with the sample is weighed using a precision balance.
Step 4 – Leakage observation
The filter paper is inspected for possible leakage traces, while the weight loss of the 
sample is recorded.

Perl/RT24@SM

Verm/RT24@SM

Perl/RT24@SM

Verm/RT24@SM
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Differential Scanning Calorimetry (DSC)-Thermal Behavior and Enthalpy  



Commercial micro-PCM 
(PCMMN28, Micronal 28D)

Differential Scanning Calorimetry (DSC)-Thermal Behavior and Enthalpy

Shape-Stabilized Composite PCM 
Expanded Perlite + RT24

Enthalpy (J/g)= 157.6 Enthalpy (J/g)= 133.1



0 10 20 30 40

 Perlite/RT24@SM_500 cycles
 Perlite/RT24@SM_500 cycles_Sample 1
 Perlite/RT24@SM_500 cycles_Sample 2
 Perlite/RT24@SM_500 cycles_Sample 3

Area:126.7 J/g 

Area:114.2J/g 

Area:113.6J/g 

Area:104.6J/g 

Area:-125.7 J/g 

Area:-112.2J/g 

Area:-109.5 J/g

Area:-104.8 J/g 
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 Perlite/RT24@SM
 Perlite/RT24@SM_1000 cycles_Sample 1
 Perlite/RT24@SM_1000 cycles_Sample 2
 Perlite/RT24@SM_1000 cycles_Sample 3

Area:126.7 J/g 

Area:107.6J/g 

Area:124.8J/g 

Area:80.55J/g 

Area:-125.7 J/g 

Area:-107.5J/g 

Area:-118.3 J/g

Area:-80.76 J/g 
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Shape-Stabilized Composite PCM 
Expanded Perlite + RT24 500 cycles 1000 cycles

Thermal cycling test-Thermal Stability

STABILITY



500 cycles 1000 cycles

Thermal cycling test-Thermal Stability

STABILITY

Shape-Stabilized Composite PCM 
Expanded Vermiculite + RT24 
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Raw expanded Vermiculite Expanded Vermiculite

SURFACE MORPHOLOGY OF 
COMMERCIAL PCM MICROCAPSULE

Raw expanded Perlite

Scanning Electron Microscopy (SEM)

Encapsulation

Expanded Perlite

Encapsulation

Shape-Stabilized Composite PCM 
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Q U A L I T Y  C O N T R O L  O F  M O R T A R S  W I T H  P C M  A D D I T I V E S

waterbase coat 
plaster

PCM

INTEGRATION OF PCM COMPOSITES INTO CEMENTITIOUS MORTARS

SV2+5%Shape-
Stabilized 

Composite PCM 
Expanded Perlite 

+ RT24 

SV2+5%Shape-
Stabilized 

Composite PCM 
Expanded Perlite 

+ RT24 

SV2
(commercial)Test StandardMortar Sample

242216,0Water (%)
147,05153,55168ΕΝ 1015-3Workability

164517041630ΕΝ 1015-6Bulk Density (kg/m3)
0,951,321,6ΕΝ 1015-11Flexural strength (N/mm²)
2,73,435,0ΕΝ 1015-11Compressive strength (N/mm²)

A
1

Flexular Strength Test

A
2
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Cementitious mortars #SV2+5%Shape-Stabilized Composite PCM 
Expanded Perlite + RT24 

Scanning Electron Microscopy (SEM)

Cementitious mortars #SV3+5%PCMMN28/MN24 
(commercial)
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Conclusions & Future Work

Conclusions
Successful vacuum encapsulation of paraffin RT24 into Greek natural materials – expanded 

perlite and vermiculite.

Minimum leakage even after extended exposure (65 °C for 72 h).

The composites maintained high latent heat storage capacity, compared to pure paraffin, 
confirming efficient thermal energy storage.

 5% Shape-Stabilized Composite PCM can be effectively integrated  in cementitious mortars.

Future Work
Optimization of their integration into cementitious mortars.

Incorporation of other materials, e.g. carbon-based conductive phases to enhance thermal 
conductivity and improve the overall performance in final applications.
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Thank you for your attention!
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