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Effects of stretching rate and temperature on the piezoelectric
properties of PVDF-HFP thin films
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(College of Aerospace Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: Stretching is one of the most effective methods to improve the piezoelectric properties of PVDF-HFP
films. In this study, PVDF-HFP piezoelectric films were prepared using the solution casting method, and the
changes in morphology and crystal structure during stretching were studied by varying the stretching rate and
temperature. The results indicate that tensile stress can induce a transformation of the matrix’s internal structure
from spherical crystals to fibrous crystals, thereby facilitating the transition from the non-polar a-phase to the
polar B -phase. Under optimal conditions of a elongation ratio of 5, a stretching temperature of 60 °C, and a
stretching rate of 10 mm/min, the relative B-phase content exceeds 90 %, and the calibrated open circuit voltage
reaches 1.50 V under a maximum poling electric field E,,,of 60 MV/m. Furthermore, when the maximum poling
electric field is increased to 100 MV/m, the calibrated open circuit voltage rises to 2.24 V. The higher poling field
improves the orientation of dipole moments within the matrix, leading to enhanced piezoelectric performance.
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Fig. 1 Preparation process of PVDF-HFP piezoelectric films
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Fig.2 Structure and size of the test plate
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Fig.3 POM images of unstretched and stretched PVDF-HFP films
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Fig.4 FT-IR spectra of pure PVDF-HFP films under different stretching parameters
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Table 1 The relative B-phase content of PVDF-HFP films under different stretching parameters

F(B)/%
PLAH R/ (mm - min™")
26 °CHi i 60 °CHi fif 90 °CHi f
2 66.2 92.7 84.9
5 63.8 92.5 85.5
10 65.8 93.3 88.4
15 78.1 93.3 89.3
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Fig. 5 DSC thermograms of PVDF-HFP films under different stretching parameters
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Table 2 Crystallinity degree of PVDF-HFP films under different stretching parameters

25N /%
P 3 R /(mm - min™)
26 °Chif 60 °CHifip 90 °CHifif
2 36.2 39.2 36.0
5 34.2 38.0 37.8
10 35.8 37.6 35.8
15 33.6 39.2 39.6
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Fig. 6 Mechanical properties of uniaxial stretched PVYDF-HFP films at different stretching temperatures
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Fig.7 Calibrated open circuit voltage of PVDF-HFP films under different stretching parameters
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Fig. 8 Calibrated open circuit voltage of PVDF-HFP films under different poling electric field
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Fig. 9 Hysteresis loops of PVDF-HFP films poled by different electric field
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