
Detrapping Behavior of Trapped Space Charges in Ferroelectric 
Copolymers of Vinylidene Fluoride with Trifluoroethylene 

Xingyuan Zhang', Zhi Peng', Helen L.W.Chan2 and Chung-loong Choy' 
'Department of Polymer Science and Engineering, University of Science and 

Technology of China, Hefei 230026,, China 
'Department of Applied Physics and Materials Research Centre, 

The Hong Kong Polytechnic University, Kowloon, Hong Kong 

Abstract 
Three kinds of slowly-cooled ferroelectric VDF/TrFE copolymer samples with different VDF contents 
(56, 70, 77 mole YO) were prepared by casting from methyl ethyl ketone solution and followed by 
cooling slowly from melting state to room temperature. The thermally stimulated depolarization current 
(TSDC) of the copolymer has been measured at various polarization temperatures (60-130°C). In the 
TSDC spectra, three peaks of detrapping charges for VDF(70)/TrFE(30) and VDF(77)/TrFE(23), two 
peaks for VDF(56)/TrFE(44) are observed. According to the peaks appeared at different cooling 
temperature during polarization and the analysis of phase transition, the structural origin of the TSDC 
peaks is proposed. The detrapping density of trapped charges shows that the ability of charge storage for 
VDF(70)/TrFE(30) is higher than that for other two copolymers. 

1. Introduction 
Copolymers of vinylidene fluoride and trifluoroethylene (VDF/TrFE) have been studied about two 
decades for their interesting ferroelectric properties and potential uses of piezoelectric and pyroelectric 
activities. Space charges in insulating materials are well known to distort the local electric field and 
affect high-field conduction and other electric properties. The importance of trapped space charges in 
PVDF and its derivative copolymer VDF/TrFE has been discussed, and there is evidence to suggest that 
space charges may play an important role in the piezoelectric and pyroelectric behavior [l-41. AS a very 
sensitive method, the thermally stimulated depolarization current (TSDC) has been widely used to 
investigate the relaxation, transition and motion of space charges in polymers. However, though 
detrapping of space charges for VDF/TrFE copolymer has been measured by several authors using 
TSDC, mainly the relaxation properties are involved [3-81. 
This paper is intended to investigate the detrapping behavior of trapped charges in VDF/TrFE 
copolymers with different mole ratio using TSDC method. In TSDC spectra, three peaks of detrapping 
charges for VDF(70)/TrFE(30) and VDF(77)/TrFE(23), and two peaks for VDF(56)/TrFE(44) are 
observed above room temperature. The structural origin for these peaks is proposed according to the 
analysis of phase transition. In addition, the ability of charge storage for three copolymers is also 
discussed. 

2. Experimental 
Three kinds of VDF/TrFE copolymer pellets with VDF content of 56, 70, 77 (mole %) were supplied by 
Piezotech, France. The pellets were first dissolved in methyl ethyl ketone. After evaporating the solvent 
very slowly, as-cast film of the copolymer was fabricated. The film was heated to 170 "C and then 
cooled to room temperature slowly (cooling ra te4  OC/min), the slow-cooled sample was prepared (60 
p in thickness and 12 mm in diameter). 
Aluminum electrodes (80 mm2 in area) were vacuum deposited (6.6~10" Pa) onto both surfaces of the 
sample. Before TSDC measurements, the sample was polarized for 20 min with an electric field of 20 
kV/cm (strictly speaking, it should be so-called polarization because the applied field would not be 
expected to pole the sample to a significant extent since the coercive field is large than 500 
kV/cm).TSDC was recorded on a modified thermo-electrical analyzer (current sensitivity is 10-13A) [9] 
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using a heating rate of 4 "Clmin from room temperature to 135°C in order to avoid the melt of the 
copolymer. 

3. Results and Discussion 
The ferro- to paraelectric transition of VDF/TrFE copolymer is a first order transition because of its 
thermal hysteresis property. Heating and cooling processes present different phase transition temperature 
T,. Heating T, and cooling T, given by differential scanning calorimetry (DSC) measurements (heating 
rate 10 "Clmin) for VDF/TrFE copolymers are shown in Tab. 1. 

Table 1. Heating and cooling T, of VDF/TrFE copolymer 

VDF( 56)/TrFE(44) 
VDF( 70)/TrFE(30) 108 59 
VDF(77)/TrFE(23) 124 70 

Fig. 1 shows some typical TSDC spectra of the copolymers with different mole ratio of VDF. Two peaks, 
peaks 1 and 2 or peaks 2 and 3, are observed for VDF(56)/TrFE(44) copolymer [Fig.l(a)] in each curve. 
When polarization temperature Tp is 50 "C, peak 1 and peak 2 located at 62 "C and 70 "C are observed. 
As Tp increases to 60 "C (near heating TJ ,  the peak 1 disappears, only peak 2 can be seen in the spectra. 
As Tp increases to 80 "C or above, another wide peak, peak 3 located between 90 and 95 "C appears. For 
VDF(70)/TrFE(30) sample [Fig.l(b)], three well-separated peaks 1 ,2  and 3 located at 92 "C, 102 "C and 
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Figure 1. TSDC spectra of VDF/TrFE copolymer for 
different Tp. (a) 56/44; (b) 70/30; (c) 77/23 

112 "C are observed when Tp equals 90 "C, but 
only two peaks 2 and 3 located at 97 "C and 112 
"C can be seen when Tp increases to 120 "C. As 
for VDF(77)/TrFE(23) [Fig. l(c)], three peaks 
located at 112 "C, 126 "C and 132 "C, 
respectively can also be, observed when Tp 
equals 110 "C. As T, increases to heating T, or 
above, peaks 1 and 2 move to peak 3, forming a 
wide peak located at 132 "C. Similar to other 
polymer samples, the current observed from 
these peaks increases as the increase of 
polarization field, and peak position is shifted 
towards higher temperature as increasing in 
heating rate. 
Comparing with 56/44 copolymer, the TSDC 
spectra for 70/30 and 77/23 copolymer at 
different Tp are more complex. As an example, 
TSDC spectra for 70/30 sample polarized at 
various temperatures (from 50 to 130 "C) are 
shown in Fig. 2. In general, peaks 1 ,2  and 3 can 
be observed when Tp rises from 50 "C up to 100 
"C. As increasing in T,, peak 1 shifts towards 
higher temperature, and the peak magnitude 
increases gradually [Fig.2(a)]. However, peak 2 
located at about 97 "C almost do not change for 
Tp = 50-70 "C and 110-130 "C. When Tp 
increases from 80 to 100 "C, peak 2 shows an 
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obvious shift from 95 "C to 102 "C. Following the moving of peak 2, the peak current also has a sharp 
increase. As for peak 3, Fig. 2 shows that it always appears in the position of 112 "C even though T, 
varies between 50 "C and 130 "C. It is noted that when Tp is over 100 "C, the magnitude of peak 3 
decreases gradually with the increase of T,. Similar behavior of peak shift when Tp increases from 60 "C 
to 130 "C are also observed for 77/23 copolymer. 
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The ferroelectric crystallites in copolymer 
transform into a paraelectric phase when the 
copolymer is heated to above 108 "C for 
70/30 sample. Upon cooling, the paraelectric 
to ferroelectric phase transition occurs in the 
range of 50-70 "C because of hysteresis 
effect. Therefore, if the applied field acting 
on the sample is turned on at above heating 
T, and then is not turned off dying cooling 
until a temperature TO is reached, it is 
expected that the TSDC spectrum would 
depend on TO. TSDC curves (T, = 120 "C)  
measured for different TO are shown in Fig. 3 .  
It can be seen that if TO is over 90 "C, no 
current peak can be found in the spectra. 
With the decrease of To, peak 3 appears 
clearly and the magnitude increases greatly. 
When TO decreases to 50 "C, peak 2 appears 
in the spectrum. With To further decreases 
until 20 "C, the current of peak 2 only shows 
a small increase. Similar behavior can also 
be observed in the curves for other Tp. 
It can be considered as that the sample is still 
in paraelectric phase when TO is higher than 
70 "C, no considerable charges can be 
trapped stably. With the decrease of TO, some 

Figure 2. TSDC spectra of VDF(70)iTrFE(30) copolymer for ferroelectric phase forms and injected 
different Tp. 

charges are trapped. Then the trapped charges 
are released during TSDC measurement. 
The forming of peak 1 can be seen in TSDC 
spectra for Tp = 90 "C. In this case, when TO 
decreases from 80 "C to 60 "C, no clear peak 
1 can be found. If To decrease to 50 "C, peak 
1 emerges. With the further decrease of TO, 
the current of peak 1 increases gradually until 
a constant value at room temperature. 
According to X-ray diffraction, infrared and 
Raman spectra, as well as DSC data, the 
existence of two distinct ferroelectric phases, 
less ordered (Ferro I) and more ordered (Ferro 
11), has been suggested for VDF-TrFE 
copolymers [2-41. If the copolymer is heated 
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Integrating experimental TSDC curves of the, 
copolymer samples with different mole ratio 
VDF, the obtained relationships between the 
detrapping density of trapped charges and 
polarization temperature Tp are shown in Fig. 4. 
It can be seen that the detrapping charge density 
cr increases as the increase of Tp until it near 
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