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ABSTRACT 
The thermally Stimulated Polarization Current (TSPC) is measured in pristine and irradiated samples of Polyetheretherketone (PEEK) at 

linear heating rate (2°C /min). The dielectric relaxation behavior of pristine and irradiated poly (ether ether ketone) (PEEK) are studied 

with the help of TSPC technique. The presence of ketone (>C=0) dipoles give rise to the TSPC maxima ~ 145 oC. The magnitude of 

TSPC peak (P1) increases with the increase in fluence. The results obtained are compared with the results of Thermally Stimulated 

Depolarization Current (TSDC) technique and are in accordance with the TSDC analysis of irradiated samples of PEEK. 
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1. INTRODUCTION 
 The Thermally Stimulated Polarization Current (TSPC) is 

the name given to the current generated in construction of 

polarization i.e. Current generated when the dipolar structures 

orient in response to the application of the electric field [1]. The 

tool to investigate this current is called thermally stimulated 

polarization current (TSPC) technique. The TSPC is a 

complimentary technique of Thermally Stimulated Depolarization 

Current (TSDC) technique [2-6]. In TSPC, the spectra is affected 

by possible overlapping diffusion or injection phenomena, 

superposition of true conduction currents and higher noise level 

but it avoids overheating of the sample and eliminates the search 

for the optimum poling temperature as in case of TSDC [2-3]. In 

most of the materials, a spontaneous current (conduction current) 

is generated at high temperatures between the electrodes and the 

sample. However, the increase in current may also indicate the 

onset of a TSDC peak. Therefore, the important information about 

the temperature at which the conduction becomes significant is 

given by TSPC technique [3]. 

 The present paper describes the dielectric relaxation 

behavior of pristine and irradiated poly (ether ether ketone) 

(PEEK) using the TSPC technique. 

 

2. EXPERIMENTAL SECTION 
 The pristine and irradiated samples of PEEK of size 1x1 

cm2 were metalized on both sides (5 mm diameter) by silver paste 

and held in sample holder. The sample holder was suspended 

inside a properly earthed metallic chamber (Furnace). After 

reducing the transient current to almost negligible value at room 

temperature, the sample was heated at linear rate (2°C /min) with 

simultaneous application of constant dc electric field (EP) in series 

with a sensitive electrometer (Kiethley 6514) to measure the TSP 

currents. The slow heating rate is required to prevent temperature 

gradient within the sample, temperature difference between 

sample and surroundings as well as for obtaining a fine resolution 

in TSPC spectra [7]. 

3. RESULTS SECTION 
3.1. Pristine Sample. The variation of the TSPC in pristine 

sample of PEEK with temperature at poling field EP (200 kV/cm) 

is illustrated in Figure1. The current peak (P1) is observed ~ 145 
oC. A steady rise in current with temperature is observed beyond 

160 oC. This result is in accordance with the non-isothermal 

charging mechanism of a polymer in which the poling current is 

assumed to have two components behaving differently as a 

function of temperature. The dipolar orientation as a transient 

process which results in the formation of a peak and the 

conduction current due to the motion of equilibrium charge 

carriers increasing continuously with temperature. In PEEK, the 

ketone (>C=0) dipoles linked with the main chain contribute to the 

polarization of the polymer. The presence of ketone (>C=0) 

dipoles give rise to the TSPC maxima ~ 145 oC which is also 

confirmed by TSDC spectra [8]. Therefore, the presence of P1 

peak is attributed to the dipolar nature of ketone (>C=0) group.  

 Vanderschueren and Gasiot [9] reported that the TSPC will 

be characterized by peaks roughly similar to those appearing in 

TSDC measurements but they will obviously appear in a reverse 

direction, at least at the beginning of the spectrum. Simmons and 

Taylor [10] and Devaux and Schott [11] proposed a trapping 

model according to which, the TSPC peaks without reversal and 

similar to TSDC peaks can also be observed, provided at least one 

of the electrodes is non-ohmic. The magnitude of TSPC peak is 

large as compared to the TSDC peak at same condition of poling 

field (EP) which is attributed to superposition of true conduction 
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currents and higher noise level in TSPC spectra and buildup 

during the polarizing period of ionic space charge which results in 

reducing the forming field [9].  
3.2. Irradiated Sample. The variation of the TSPC of C5+ swift 

heavy ion irradiated samples of PEEK with temperature at 

different fluences (1x1010 ions/cm2, 1x1011 ions/cm2 , 1x1013 

ions/cm2 ) and poling field EP (200 kV/cm) is illustrated in Figures 

2- 4. In irradiated samples of PEEK, the magnitude of TSPC peak 

(P1) increases as compared to pristine sample of PEEK. Also, the 

magnitude and broadening of the peak increase with the increase 

in fluence.  

 The increase in magnitude of TSPC peak (P1) in irradiated 

samples of PEEK as compared to pristine samples of PEEK is 

attributed to two mechanisms: one is the increase in dipole 

concentration within the polymer and another is increase in either 

electronic or ionic mobile charge concentration. The ion 

irradiation leads to degradation of polymeric chains, chemical 

bond cleavage and creation of free radicals [12]. Subsequent 

chemical reactions after irradiation cause creation of excessive 

double bonds, increasing the dipolar nature and cross-linked 

structures [13-14]. The number of dipoles increases with the 

increase in fluence and hence the magnitude of TSPC peak (P1) 

increases with the increase in fluence. 

 The broadening of peak is a direct function of dipole 

concentration and distribution in structural ordering parameters 

which determine the free-volume relaxations required by the 

main-chain rearrangements [2]. Irradiation of polymers produces 

excited states, ions and free radicals which result in 

rearrangements and formation of new bonds. The effects of these 

reactions are the formation of oxidized products, grafts, scission of 

main chain (degradation) or cross-linking. These effects are more 

pronounced with the increase in fluence. Therefore, the 

broadening of TSPC peak (P1) increases with the increase in 

fluence. These results are in accordance with the TSDC analysis of 

irradiated PEEK samples [15]. 

 
Figure 1. Variation of the TSPC of Pristine PEEK with temperature at 

poling field EP = 200 kV/cm. 

 
Figure 2. Variation of the TSP current of C5+ ion irradiated sample of 

PEEK with temperature at fluence 1x1010 ions/cm2 and poling field (EP ) 

= 200 kV/cm. 

 
Figure 3.Variation of TSP current of C5+ ion irradiated sample of PEEK 

with temperature at fluence 1x1011 ions/cm2 and poling field (EP ) = 200 

kV/cm. 

 
Figure 4.Variation of the TSP current of C5+ ion irradiated sample of 

PEEK with temperature at fluence 1x1013 ions/cm2 and poling field (EP ) 

= 200 kV/cm. 

 

4. CONCLUSIONS 
 The TSPC is a complimentary technique of TSDC 

technique. The comparison of TSPC and TSDC spectra confirms 

the nature of the peak. The presence of ketone (>C=0) dipoles in 

PEEK give rise to TSP current maxima ~ 145 oC which is in 

accordance with the TSDC analysis of PEEK. The TSPC peak is 

obtained without reversal and is similar to TSDC peak but with 

enhanced magnitude. The number of dipoles increases with the 

increase in fluence and hence the magnitude of TSPC peak (P1) 

increases with the increase in fluence. The broadening of TSPC 

peak (P1) increases with the increase in fluence. These results are 

in accordance with the TSDC analysis of irradiated samples of 

PEEK. 

5. REFERENCES 
[1] McKeever S. W. S., Hughes D. M., Thermally stimulated currents in 
dielectrics, J. Phys. D: Appl. Phys., 8, 1520, 1975. 

[2] Bhardwaj R. P., Quamara J. K., Nagpaul K. K.., Sharma B.L., Field-
induced thermally stimulated currents in Kapton-H polyimide films,  



C5+ (70 MeV) Ion Irradiation Investigations on TSP Current measurements in Polyetheretherketone (PEEK) 

Page | 1807  

physica status solidi (a) [3] Turnhout J. V., Electres, Ed. M. Sesser, 
Springer-Verlag, 33, 81, 1980. 
[4] Quamara J. K., Singh N., Singh A., Study of dielectric relaxation 
processes in poly (p-phenylene sulfide) using a thermally stimulated 
discharge current technique, Macromolecules Chem. Phy., 202, 1955, 
2001. 
[5] Khemici M. W., Gourari A., Bendaoud M., Study of the Effect of 
Annealing and Physical Aging on PVC by the Thermally Stimulated 
Currents Methods, Int. J. Polym. Anal. Charact., 11, 101, 2006. 
[6] Khemici M. W., Gourari A., Doulache N., Dielectric Characterization 
of Poly Ethylene Naphtalene 2,6 Dicarboxylate (PEN) by Thermally 
Stimulated Currents Technique (TSC), Int. J. Polym. Anal. Charact., 14, 
322, 2009. 
[7] Singh R., Kaushik B. K., Quamara J. K., Dielectric Characterization 
of Poly Ethylene Naphtalene 2,6 Dicarboxylate (PEN) by Thermally 
Stimulated Currents Technique (TSC), Indian Journal of Pure & Applied 
Physics, 46, 491, 2008. 
[8] Kalia R., Sharma V., Sharma J. K., Dielectric behavior of 
polyetheretherketone (PEEK) using TSDC technique, Journal of Polymer 
Research, 19, 1, 2012. 

[9] Vanderschueren J., Gasiot J., Field-induced thermally stimulated 
currents, Thermally stimulated relaxations in solids, Topics in Applied 
Physics, 37, 135, 1979. 
[10] Simmons J. G., Taylor G. W., Dielectric Relaxation and Its Effect on 
the Thermal Electric Characteristics of Insulators, Phys. Rev. B6, 4804, 
1972. 
[11] Devaux P., Schott M., Thermally Stimulated Currents without 
Optical Excitation. Application to Copper Phtalocyanine (b), Phys. Status 
Solidi, 20, 301, 1967. 
[12] Cervena J., Vacik J., Hnatowicz V., Mackova A., Perina V. Fink D., 
Decoration of radiation damages in polyimide implanted with rare gas 
ions, Surf. Coat. Technol., 158, 391, 2002. 
[13] Grinnell F., Feld M. K., Fibronectin adsorption on hydrophilic and 
hydrophobic surfaces detected by antibody binding and analyzed during 
cell adhesion in serum-containing medium, J. Biol. Chem., 257, 4888, 
1982. 
[14] Calcagno L., Compagnini G., Foti G., Structural modification of 
polymer films by ion irradiation Nucl. Instr. Meth. B., 65, 413, 1992. 
[15] Kalia R., Sharma V., Mahna S. K., Sharma J. K., Dielectric 
relaxation behavior of C5+ (70 MeV) swift heavy ion irradiated 
polyetheretherketone (PEEK) using TSDC technique, Polymer Science, 
Ser. A, 56, 837, 2014. 

6. ACKNOWLEDGEMENTS 
 The Authors are thankful to Dr. D. K. Awasthi, IUAC, New Delhi, India, for their support in irradiation of the samples. 

 

© 2016 by the authors. This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/4.0/). 

 


