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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 PCMs in terms of chemical nature

' 1

Organic Inorganic Eutectics
- Paraffins - Salt hydrates Organic-Organic
- Fatty acids + Metallics Organic-Inorganic

Inorganic-Inorganic
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Main types of encapsulated PCMs

Microcapsules Macrocapsules
(m-PCM) (M-PCM)
lpm < d <1000um d > 1mm




2] Store & release heat during solid € liquid transition

PCMs & Applications
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Why PCMs Matter for Sustainable Buildings

* Pandemic * Energy crisis
* Climate change * Geopolitical developments

A new realityfor societies worldwide

v

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

55% reduction 80% reduction
in greenhouse in greenhouse
gas emissions gas emissions

Net Zero emissions
(Climate Neutrality)

v' Reducing Energy Consumption: PCMs increase the thermal mass of buildings, reducing the need for heating

PCM and cooling as they have a higher heat capacity compared to standard building materials
S

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

v" Reduction of CO, Emissions: Reduced heating/cooling needs lead to reduction of CO2 emissions

v Sustainable Production: Environmentally friendly processes.
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THE CHALLENGE

* 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

Micro-encapsulated PCMs

Microtek Laboratories Inc. (USA)
Croda (USA)

Encapsys LLC (USA)

MikroCaps (EU-Slovenia)

Macro-encapsulated PCMs
Rubitherm GmbH (Germany) and others

Basic PCM materials

e In Europe: Mainly basic-raw PCM materials
Rubitherm GmbH (Germany)

“Global distribution of PCM usage — IMARC Group (2024)”
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Base Year 2024

Forecast Years 2025-2033
Market Size in 2024 USD 1.8 Billion
Market Forecastin 2033 USD 4.4 Billion
Market Growth Rate 2025-2033 10.7%
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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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Development and Experimental Procedure

Expanded Perlite Expanded Vermiculite

A. Materials Selection

» Expanded perlite & vermiculite: natural porous supports materials : S e
» Expanded perlite (Perlorock), fine-grained (0.1-0.5 mm) ( ( 7
» Expanded vermiculite (Vemiterra super fine) (0,25 -1,5 mm) £
e RT24 paraffin: organic PCM (melting point = 24 °C) i, SR i e

B. Encapsulation Process-Experimental

Drying of expanded perlite and vermiculite
Melting of organic PCM RT24

Mixing of expanded perlite/vermiculite with RT24
Vacuum impregnation into porous structure

5. Application of surface modifier

PN

C. Material Characterization and Properties
* L eakage test

e Thermal analysis (DSC)

e Thermal stability (thermal cycling test)

e Morphological analysis (SEM)
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Material Characterization and Properties

Leaching
lest

( \ 3daJ/s
% 6‘500
—_—
s
'5“610
A2)

d Verm/RT24@SM

- :V

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 paperis inspected for possible leakage traces, while the weight loss of the
sample is recorded.
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Differential Scanning Calorimetry (DSC)-Thermal Behavior and Enthalpy

Heat Flow (W/g)
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40 0 5 10 15 20 5 30 s
Temperature (0C)
RT24 RT24 .
Sample Tm Ts AHm AHs AHm(%) AHS(%) RT24 %w.t.

RT24 26.2 19.0 206.4 -204.3 100 100 100
PERL/RT24/SM _AlS 26.6 215 126.7 -125.7 61.39 61.53 76.99
VERM/RT24/SM_A18  28.5 21.6 97.52 -100.1 76.36 76.60 66.44
PERL/RT24/SM_A19 27.6 21.5 G?D -156.5 47.25 50.00 65.39
VERM/RT24/SM_A26 27.7 20.5 92.0 -84.89 44.57 41.55 62.87




Differential Scanning Calorimetry (DSC)-Thermal Behavior and Enthalpy
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Thermal cycling test-Thermal Stability

Shape-Stabilized Composite PCM

Expanded Perlite + RT24
500 cycles P 1000 cycles
erlite cycles Perl?te/RT24@SM
ger:liejsgiggm:ggg C)y'c:esisample 1 Area:113.6J/g _ Perl!telRT24@SM_1 000 cycles_Sample Area:124.8J/g
Perlite/RT24@SM_500 cycles_Sample 2 P 900 oxclos_Samplo 2
Perlite/RT24@SM_500 cycles_Sample 3 — Perlite @SM_1000 cycles_Sample 3
o Area:104.6J/g | A T S Area:80.55J/g | A T
2 Area:114.2)/g — o e Area:107.6J/g — o
o Area:126.7 J/g —~ = o Area:126.7 J/g =
2 Q o Q
s - =
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0 0 10 20 30 40
Temperature (°C) Temperature (°C)
Te Tm AHe AHm Te Tm AHe AHm
(¢C) (°C) (/g (/g) C) | 0 (/g) U'g
RT24 26.2 19 206.4 -204.3 RT24 26.2 19 206.4 -204.3
Perlite/RT24@SM 26.6 21.5 126.7 -125.7 Perlite/RT24@SM_A15 26.6 215 126.7 -125.7
Perlite/RT24@SM_Sample 1 26.2 21.1 104.6 -104.8 STA B | |_ | TY§M_53mP1e 1 27.2 221 80.55 -80.76
Perlite/RT24@SM_Sample 2 26 21.2 113.6 1095 sM_Sample 2 26.6 21.3 124.8 -118.3
Perlite/RT24@SM_Sample3 | 26.1 21.2 114.2 -112.2 Perlite/RT24@5M_Sample 3 26.9 217 107.6 -107.5




Thermal cycling test-Thermal Stability

Shape-Stabilized Composite PCM

500 cycles Expanded Vermiculite + RT24 1000 cycles

—_— [ .
VERM/RT24@5M_500cycles — me::mm Sample1 T disciiaii
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Temperature (°C) Temperature (°C)
Tc(°C) | Tm (°C) | AHc(J/g) | AHm (J/g) Tce(°C) | Tm (°C) | AHc(J/g) | AHm (J/g)
RT24 26.2 19 206.4 -204.3 RT24 26.2 19 206.4 -204.3
Vermiculite /RT24_A26 27.7 20.5 92 -84.89 Vermiculite/RT24_A26 27.7 20.5 92 -84.89
Vermiculite/RT24@SM_Samplel 27.4 20.9 90.43 92.64 ST B | |_ @SM_Samplel 27.2 21.5 103.5 -102.7
Vermiculite /RT24@SM_Sample2 274 212 100.6 -93.98 M @SM_Sample2 27.6 209 95.01 -91.51
Vermiculite/RT24@SM_Sample3 27.6 20.9 109.2 -107.6 Vermiculite/RT24@SM_Sample3 27.5 21.1 108.3 -105.2




Scanning Electron Microscopy (SEM)
Shape-Stabilized Composite PCM

SURFACE MORPHOLOGY OF
COMMERCIAL PCM MICROCAPSULE

anopm

Expanded Perlite

200pm

300pm

> e-CODOMmH
I IC"-"'\":"=";"ENCE National Center for Research in Natural Sciences “DEMOKRITOS”, Athens, Greece - 11 — 12 November 2025
7 20285



r

Introduction

\_

Ve

Scope

\_

r

Development and Experimental Procedure - Shape-Stabilized Composite PCMs

\_

r

Evaluation and Key Characteristics

\_

e

Integration of Shape-Stabilized Composite PCMs into cementitious mortars

\U

e

Conclusion

\_

e-cobDomH
I lCDNFE"‘ENCE National Center for Research in Natural Sciences “DEMOKRITOS”, Athens, Greece - 11 — 12 November 2025
7 20285



INTEGRATION OF PCM COMPOSITES INTO CEMENTITIOUS MORTARS

QUALITY CONTROL OF MORTARS WITH PCM ADDITIVES

base coat water PCM
plaster

SV2+5%Shape- SV2+5%Shape-
SV2 Stabilized Stabilized
Mortar Sample Test Standard

. Composite PCM Composite PCM
(commercial) Expanded Perlite  Expanded Perlite

+ RT24 +RT24
Water (%) 16,0 22 24
Workability EN 1015-3 168 153,55 147,05
Bulk Density (kg/m3) EN 1015-6 1630 1704 1645
Flexural strength (N/mmz) EN 1015-11 1,6 1,32 0,95
Compressive strength (Nlmmz) EN 1015-11 5,0 3,43 2,7

Flexular Strength Test




Scanning Electron Microscopy (SEM)

Cementitious mortars #sV2+5%Shape-Stabilized Composite PCM Cementitious mortars #SV3+5%PCMMN28/MN24
Expanded Perlite + RT24 \ (commercial)
& 2 . J -w.._ 4 ) ¥ T
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Conclusions

v'Successful vacuum encapsulation of paraffin RT24 into Greek natural materials — expanded
perlite and vermiculite.

v'"Minimum leakage even after extended exposure (65 °C for 72 h).

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

v 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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