
HAL Id: hal-03943731
https://hal.science/hal-03943731

Submitted on 19 Jan 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Use of Dynamic Space Charge Measurements to
Differentiate Charge Injection and Ionic Dissociation in

Polypropylene
F. Zheng, Gilbert Teyssedre, Christian Laurent, Cécilien Thomas, M. Hoyos,

Yewen Zhang

To cite this version:
F. Zheng, Gilbert Teyssedre, Christian Laurent, Cécilien Thomas, M. Hoyos, et al.. Use of Dynamic
Space Charge Measurements to Differentiate Charge Injection and Ionic Dissociation in Polypropy-
lene. International Symposium on Electrets, Tokyo, JAPAN, Sep 2008, Tokyo, Japan. pp.B0702,
�10.1109/ISE.2008.4814014�. �hal-03943731�

https://hal.science/hal-03943731
https://hal.archives-ouvertes.fr


F. Zheng, G. Teyssedre, C. Laurent, C. Thomas, M. Hoyos, Y. Zhang, "Use of dynamic space charge measurements to differentiate charge injection and ionic 

dissociation in polypropylene", Int. Symp. on Electrets (ISE), Tokyo, Japan, 15-17 Sept. 2008. Proc. ISE13, B0702, 2008. DOI: 10.1109/ISE.2008.4814014 

Use of Dynamic Space Charge Measurements to Differentiate 

Charge Injection and Ionic Dissociation in Polypropylene 
Feihu Zheng1, Gilbert Teyssedre2, Christian Laurent2, Cécilien Thomas2, Mario Hoyos3, Yewen Zhang1 

1. Pohl Institute of Solid State Physics, Tongji University, 1239 Siping Road, Shanghai 200092, China 
2. Laboratoire Plasma et Conversion d’Énergie, Université de Toulouse, CNRS-UPS-INPT, 31062 Toulouse, France 

3. Instituto de Ciencia y Tecnología de Polímeros, CSIC, c/ Juan de la Cierva, 3, 28006 Madrid, Spain 

 

The time resolved fast pulsed electro-acoustic (PEA) [1-3] 

method is used to investigate the space charge characteristics 

in an additive-free poly(propylene-ethylene) (PPE) co-

polymer in film form. The 190μm-thick films were submitted 

to DC and low frequency AC stress for various durations at 

various temperatures. Upper electrode (UE) and lower 

electrodes (LE) is semi-conductive polyethylene and 

aluminum, respectively. 

When positive 50 kVdc/mm is applied to UE at 25 °C, 

negative charge is injected from LE and shifts up to UE during 

1 hour stress. No positive charge is detected by PEA. 

However, at 50 °C, hetero-charge formation is observed with 

approximately equivalent densities for positive and negative 

carriers under the same applied field (Figure 1). Negative 

charge in the bulk becomes more and more dominant for long 

stressing time. A similar process (i.e. symmetrical hetero-

charge accumulation at first and then dominance of positive 

charge carriers in the bulk) occurs when a negative voltage is 

applied to the UE. The symmetrical hetero-charge arises after 

HV application for 30 s.  

Two frequencies of 5 mHz and 100 mHz are selected: the 

half-periods are therefore respectively longer and shorter than 

the time for hetero-charge detection at that field. At 50 °C, 

surprising periodical symmetrical hetero-charge accumulation 

is observed under 5 mHz square 50kV/mm RMS stress, while 

only injected charge is observed at 0.1 Hz square 50 kV/mm 

RMS stress (Figure 2). Because the charge injection rating is 

symmetrical not for the asymmetrical electrode structure, the 

symmetrical hetero-charge can not be attributed to the injected 

charge transiting across the bulk. Combining dc data with ac 

data, it is shown that the charge build-up in the bulk results 

from different processes for homo-charges and hetero-charges: 

The homo-charge is injected from electrodes and the 

molecular dissociation in the bulk can be the original source of 

the symmetrical hetero-charge.  
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Figure 1. Space charge dynamics in PPE film under 50 kVdc/mm at (a) 25°C 
and (b) 50 °C 

 

 

    
Figure 2. Space charge dynamics in PPE film under 50 kVac/mm at 50 °C at (a) 

5 mHz and (b) 0.1 Hz 

 
Table 1. Time for the onset of quasi-symmetrical hetero-charge apparition in 

PPE film under different field at 50 °C 

applied field (kV/mm) 15 30 50 100 

time (s) 1800 340 30 0.3 

The time of the hetero-charge emergence under high 

voltage application depends on the field intensity, being 

shorter for higher field (Table 1). The time resolved hetero-

charge migration shows ionic transport characteristics, which 

can be well fitted with an ionic transport model. The 

molecular dissociation is temperature and applied field 

dependent [4]. We observed the symmetrical hetero-charge 

again in the film bulk under 100 kVdc/mm at 25 °C. 
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