TECNICO
LISBOA

U

ATHERMODYNAMIC

JOURNEY:
Unlocking Cold Thermal

Energy Storage with Phase
Equilibrium Studies

Maria C. M. Sequeirg, Bernardo A. Nogueira, Timur Nikitin, Fernando J. P.
Caetano, Herminio A. P. Diogo, Jodo M. N. A. Fareleirg, Rui Fausto




- Energy Efficiency
- Supply-Demand Balance

Thermal Energy Storage (TES) >' N/




Thermal Energy Storage (TES)

- Energy Efficiency
- Supply-Demand Balance

Phase Change Materials (PCM)

- High latent heat capacity
- Reversible transitions




Thermal Energy Storage (TES)

- Energy Efficiency
- Supply-Demand Balance

The challenge of Designing

PCM:

- Reliable and Efficient

- Environmentally Safe
Phase Change Materials (PCM)

- High latent heat capacity
- Reversible transitions




Thermal Energy Storage (TES)

- Energy Efficiency
- Supply-Demand Balance

The challenge of Designing

PCM:

- Reliable and Efficient

- Environmentally Safe
Phase Change Materials (PCM)

- High latent heat capacity
- Reversible transitions

Phase Equilibrium Studies on
organic PCM for designing
low-Temperature TES systems




Phase
Equilibrium
Studies to

Unlock TES

Thermdal
cnergy
sStorage
Design



Differential Scanning
Calorimetry (DSC)

Thermal Analysis

Hot Stage
Microscopy
(HSM)

Microscopic
Analysis

Raman
Spectroscopy

Spectroscopic
Analysis



Differential Scanning
Calorimetry (DSC)

Thermal Analysis

-80
T/°C

« Temperature and enthalpy of
phase transition

Hot Stage
Microscopy
(HSM)

Microscopic
Analysis

Raman
Spectroscopy

Spectroscopic
Analysis



Differential Scanning
Calorimetry (DSC)

Thermal Analysis

-80
T/°C

« Temperature and enthalpy of
phase transition

Hot Stage
Microscopy
(HSM)

Microscopic
Analysis

Real-time visual evidence of
thermal events

Raman
Spectroscopy

Spectroscopic
Analysis



Differential Scanning
Calorimetry (DSC)

Thermal Analysis

-80

T/°C

« Temperature and enthalpy of
phase transition

Microscopy

Hot Stage
(HSM)

Microscopic
Analysis

« Real-time visual evidence of
thermal events

RN | N st Raman
i}~ Spectroscopy
MML Spectroscopic

Analysis

Normalized Intensity

¥ T T T v T T d T T T 1
200 400 600 800 1000 1200 1400 1600 1800
Raman shift/ cm-1

Identification and characterization of
the thermal events 10



S-LPhase
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Enhancing Material Stability ©“

Ensures that PCMs maintain consistent performance
over many thermal cycles, avoiding degradation or
phase separation

i

608}
Helps in designing TES systems with optimal heat
transfer characteristics, reducing energy losses and
improving overall efficiency.

Optimizing Energy
Storage @

By understanding the temperatures
and enthalpies associated with
phase changes, materials can be
selected and engineered to store
and release thermal energy
efficiently at desired operating
temperatures

Economic and =
Environmental Benefits e

Development of cost-effective and
environmentally friendly energy
storage solutions by optimizing
material usage and reducing
waste.
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Fig. 1 Binary phase diagrams for the binary alkane systems Cg+C,y; Co+Cyy; Cio+Ciy; Co+Cyo. Published in the International Journal of Thermophysics (IJT).
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Fig. 2 Binary phase diagram for the binary adipate system DEA+DBA (Published in the IJT); and preliminary ones for DMA+DPA; DEA+DPA; DMA+DBA.
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