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A.Medel1,2, A.Leonés1, V.Sessini1, C.Pascual-González2, M.Algueró2, H.Amorín2 and M.E.G. Mosquera1

1Departamento de Química Orgánica y Química Inorgánica, IQAR, Universidad de Alcalá, Campus Universitario, 28871-Alcalá de 

Henares, Madrid, Spain. 
2Instituto de Ciencia de Materiales de Madrid - CSIC. Cantoblanco, 28049 Madrid, Spain

e-mail: asier.medel@uah.es

NANOPARTICLE

ADDITIVE

POLYMERIC MATRIX

Piezoelectric materials, which convert electrical energy into mechanical energy and vice versa, are widely used in actuators, sensors and 
energy harvesters. Although ceramics offer high performance, their rigidity restricts their applications.[1] Polymers are flexible but less 
efficient. Piezoelectric composites aim to combine the advantages of both types of material, though achieving good particle dispersion and 
strong organic–inorganic interfaces remains challenging.[2] Enhancing these interfaces with additives or coupling agents is therefore crucial 
for improving composite performance.[3] This work presents piezoelectric hybrid composites prepared by tape casting using different types 
of perovskite as fillers in a poly(L-lactide) (PLLA) matrix. The effect of different additive combinations on interface quality is evaluated 
through dielectric property analysis.

[1] Kumar, R. Et all; Adv. Mater. Process. Technol. 2020, 8 (1), 895-908. 
[2] Costa, P. et all; . Energy Technol. 2019, 7 (7), 1800852. 
[3] Eltouby, P.; Ceram. Int. 2021, 47 (13), 17813-17825. 

• Barium titanate (BTO)

NANOPARTICLES

• Copolymer of polyethylene-polypropylene-
polyethylene glicol (Kolliphor® P407) Mn= 10-14 KDa

• Polyoxylimonene (PLO) Mn= 5.1 KDa
• Copolymer of limonene oxide and a phtalic 

anhydride (COLOPA) Mn= 1.6 KDa

ADDITIVE

• Poly-L-lactic acid (PLLA)

POLYMERIC MATRIX
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DIELECTRIC PROPERTIES ANALYISIS

DSC PERMITTIVITY

Tg 1h 

(°C)
Xc 1h

(%)
Tg 2h 

(°C)
Xc 2h

(%)
Tg 1h 

(°C)
Xc 1h

(%)
Tg 2h 

(°C)
Xc 2h

(%)
ε´1 KHz 1h  Δε100 Hz - 1 MHz 1h

tan δ

1 KHz 1h

PLA 63.7 23.4 60.3 0.4 PLA-5BTO 61.1 1.7 60.1 2.7 5.22 5.64-4.03= 1.61 0.055

PLA-5Koll 52.0 2.7 50.5 0.1 PLA-5BTO-5Koll 67.2 28.2 52.8 0.1 3.81 4.04-2.95= 1.07 0.047

PLA-PLO 56.8 0.1 57.3 0.0 PLA-5BTO-5PLO 61.6 10.4 60.3 0.0 5.12 5.26-4.64= 0.62 0.019

PLA-COLOPA 58.8 30.2 57.6 0.5 PLA-5BTO-5COLOPA 60.9 6.3 59.4 0.9 3.70 3.81-3.21= 0.6 0.023

Measurements are taken at 300 K (27 °C)
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• Without BTO particles, the addition of additives reduces the glass transition 
temperature (Tg) of PLLA, indicating a higher chain mobility, whereas the degree of 
crystallinity (Xc) significantly decreased in all cases for the second heating, indicating 
the positive impact of tape casting processing method to achieve high crystallinity.

• The inclusion of BTO modify these trends. Tg maintains similar or even above that of 
PLLA, while Xc is totally influenced by the strong combined effect of the additive and 
the particles. 

• Compared to pure PLLA (ε′ ≈ 3), BTO enhances the dielectric permittivity, with a cold 
crystallization process observed in the mostly amorphous composites.. Dielectric 
losses and frequency dispersion decrease with the addition of additives, indicating 
improved interface compatibility between PLLA and BTO.

1h: First heating; 2h: Second heating 
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