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Abstract -- The aim of this paper is to analyze the corona 

charging and charge decay of nonwoven fabrics, by using the 
surface potential decay (SPD) measurement techniques and its 
(tdVs/dt) versus (log t) representation. Samples of nonwoven 
polypropylene (PP) fibrous media were exposed to negative 
corona discharges, using a triode-type electrode arrangement, 
energized from a DC high-voltage supply operating as a constant 
current generator. Using the above-mentioned mathematical 
transformation and varying some experimental conditions, it has 
been possible to identify the contribution of different physical 
mechanisms to the SPD. The effect of charge injection assisted 
by the negative corona as well as that of neutral excited species 
present in the discharge were clearly pointed out. The 
experiments demonstrated that the initial potential and the 
dynamic of the potential decay are substantially affected by the 
air humidity. Thermal conditioning improves the charging state 
of nonwoven fabrics. 
 

Index Terms—Corona charging, nonwoven dielectric 
materials, polypropylene fibers, surface potential decay (SPD).  
 

I.   INTRODUCTION 

Fibrous electret filters media consist of nonwoven fabrics 
made of dielectric materials that have a quasi-permanent 
electrical charge. Electric charging of the media improves 
their particle collection efficiency by the electrostatic particle 
capture mechanism that enhances the conventional 
mechanical filtration without causing an increase of the 
pressure drop [1]-[3]. The lifetime of electret filters depends 
on the rate of the charge decay, as the latter is accompanied 
by the decrease of collection efficiency.  

Corona charging using a triode-type electrode arrangement 
has been extensively employed for the investigation of the 
charge dynamic characteristics of dielectric materials [4]-[7]. 
Based on the evaluation of various experimental techniques, 
the measurement of the surface potential decay (SPD) of the 
corona-charged media has been considered as the most 
appropriate solution for monitoring the charging state of 
nonwoven fabrics, because of its simplicity and reliability [8]-
[11]. Although, this measurement of the surface potential Vs is 
widely used for the investigation of the electric charge on 
dielectric surfaces in a wide range of industry applications, 
the problem is that most of the literature deals with thin 
insulating films or with more or less homogenous dielectrics.  

 

Fig. 1. Photograph of the nonwoven polypropylene media. 
 
Several mechanisms are involved in surface potential 

evolution of such materials: atmospheric neutralization, 
surface conduction, polarization, intrinsic conduction, 
piezoelectricity, interfacial charge injection, and so on [11]-
[19]. The nonwoven fabrics (Fig. 1) are more difficult to 
handle, and their physical structure is highly 
nonhomogeneous at a microscopic and, in many cases, at a 
macroscopic scale. The corona charging of a nonwoven 
polypropylene sheet air filter has certain characteristics [20]-
[21]: the surface potential of the filter media is limited by the 
local discharges that occur inside the porous sheet and the 
relative humidity of the ambient air accelerates the charge 
decay.  

In previous works [4], [22]-[23], the authors employed the 
SPD technique to evaluate some factors that influence the 
corona charging of fibrous dielectrics. However, it has been   
quite difficult to consistently identify the nature of the 
phenomena involved, since different physical mechanisms can 
lead to similar responses. The rate of the potential decay 
dVs/dt does not account for the initial surface potential Vs0, 
but has the advantage of enabling the identification of these 
physical processes [11],[19]. Each of them is associated to a 
peak of different characteristic times and amplitudes on the 
diagram seconds (tdVs/dt) versus (log t).  

The aim of this paper is to analyze the behavior of negative 
corona-charged nonwoven fabrics and to identify the different 
physical mechanisms that contribute to the SPD. The study 
was performed on polypropylene nonwoven media under 
various experimental conditions, such as: corona discharge 
energy, charging voltage, relative air humidity and thermal 
conditioning.  



  

II.   MATERIALS AND METHODS 

The experiments were performed on 60 mm × 50 mm 
samples of polypropylene nonwoven media (Fig. 1). The 
media is made of 2.8 dtex PP fibers (average fiber diameter: 
20 µm) and its thickness is about 300 µm.  

Corona charging and surface potential measurements were 
done in atmospheric air under various environmental 
conditions. The samples were placed in contact to the 
grounded plate electrode (Aluminum, 120 mm × 90 mm). The 
electrode system was energized from a negative DC high-
voltage supply (model SL 300, SPELLMAN; rated voltage: 
50 kV; rated current: 6 mA). The corona discharge is 
generated between a wire-type dual electrode and a metallic 
grid electrode, which allows the control of surface potential 
and of discharge energy. The distance between the wire 
(Tungsten; diameter: 0.2 mm) and the surface of the plate 
electrode was 30 mm, as shown in Fig. 2. In all the 
experiments, the samples were charged for 10 second at 
various grid potentials Vg with a constant current charging 
characterized by grid current Ig. 

As soon as the high-voltage supply of the corona charger 
was turned-off, a conveyor belt transferred the sample from 
the charging position to the surface potential measurement 
positions, shown in (Fig. 3). The transit time between the end 
of the charging period and the first measured value of the 
surface potential does not exceed 3 seconds. 

The surface potential was measured with an electrostatic 
voltmeter (TREK, model 341B, equipped with a probe model 
3450, accuracy: 0.1% of full scale, drift with temperature 200 
ppm/°C), calibrated before each set of measurements. The 
measured potential was monitored via an electrometer 
(Keithley, model 6514) connected to a personal computer 
(Fig. 3). The processing of the data was performed using a 
virtual instrument in the LabView environment. All the SPD 
curves are recorded during 15 min. 

 
Fig. 2. Electrode systems employed for the corona-charging of non-woven 

media (all dimensions are in millimeters). 

III.   RESULTS AND DISCUSSION 

The surface potential decay curves of corona charged 
nonwoven samples and the corresponding (tdVs/dt) versus 
(log t) diagrams, are displayed respectively in Figs. 4 and 5, 
for several values of the grid voltage Vg. The corona charging 
was performed at the same grid current Ig = 25 µA. in 
atmospheric air, at stable environmental conditions 
(temperature: 20°C; relative humidity: 65 %).   

The absolute value of the initial potential measured at the 
surface of the corona charged nonwoven fabrics did not 
exceed 850 V, for all the range of grid voltages (Fig. 4). The 
limitation of the charging level has two straightforward 
explanations: (1) the high surface conduction favored by the 
elevated relative humidity of ambient air; (2) the local 
discharges that occur inside the fabric, due to the high values 
of the charging voltage. 

 

 
 

Fig. 3. Experimental set-up for corona charged and SPD measurement on nonwoven fabrics 
 



  

 
Fig. 4. Surface potential decay curves at several grid voltage values;  

(0.6 kV ≤ Vg ≤ 2.01 kV). 
 

 
Fig. 5. Plots of (tdVs/dt) curves at several grid voltage values; 

(0.6 kV ≤ Vg ≤ 2.01 kV). 
 

 
For low charging potential Vg values, the decay was very 

slow. This behavior may be attributed to the fact that the 
charges deposited on the surface do not have sufficient energy 
to be freed and injected into the polymer bulk.  

At higher Vg, the crossover of the SPD characteristics has 
been observed, pointing out the existance of a charge 
injection phenomenon. In the present experiment, the corona 
discharge energy, which is an activating factor of the injection 
charge controlled by the air-insluator interface, was low (Ig = 
25 µA). Therefore, the crossover is probably due to the higher 
intensity electric field generated in the bulk of the samples by 
the elevated charge levels initially attained at higher values of 
the grid voltage Vg. When the charging voltage increase, the 
potential decay dynamics are characterized by the appearance 
of a peak centered between 10 s and 101.5 s and its height, 
which tends to saturate, slightly exceeds 50 (Fig. 5).  

 
Fig. 6. Surface potential decay curves at several grid current values;  

(10 µA ≤ Ig ≤ 200 µA). 

 

 
Fig. 7. Plots of (tdVs/dt) curves at several grid current values; 

(10 µA ≤  Ig  ≤ 200 µA). 

 
For low grid voltage value (Vg = 0.6 kV), the basic 

dielectric response is linear. This intrinsic response, 
controlled by the bulk of material, occurs in conditions of 
moderate values of the two main factors that may activate the 
charge injection: the electric field and the corona discharge 
energy. The presence of a peak at higher Vg and low Ig clearly 
demonstrates that the potential decay dynamics in this 
experiment depends on the electric field. 

To point out the effect of the corona discharge energy on 
the dielectric response of charged nonwoven fabrics, several 
experiments were conducted at higher Ig, with the grid voltage 
maintained at Vg = 1.25 kV, by acting on the series of 
calibrated through which the grid is connected to the ground. 
The initial surface potential measured is virtually the same, 
however, the decay rate increases when the intensity of the 
corona discharge increases (Figs. 6 and 7). 

  



  

 
Fig. 8. Effect of exposure to neutral species from a negative corona 

discharge. 
 
The basic dielectric responses are difficult to identify from 

diagrams of Fig. 7, even at low grid current values, since the 
grid voltage is quite high (Vg = 1.25 kV). The amplitude of 
the response (tdVs/dt) increases with the corona discharge 
energy, and this corresponds to the occurrence of broad peaks 
on the Ig = 100 µA and 200 µA curves, in the 100.5 – 102.5 s 
time range. The amplitude of this peak did not saturate in the 
conditions of this experiment; it attained 200 at the highest 
grid current value.  

The SPD dynamics of negative corona-charged nonwoven 
fabrics is directly related to the discharge energy transferred 
to the surface. The charge carrier transport processes is linked 
to the capture and release times from energy traps. However, 
the charge transit time inside the sample and the releasing 
mechanism characteristic time are difficult to separate, since 
the structure of the nonwoven is highly non-homogeneous and 
the experiments were performed at high relative humidity of 
the ambient air, which might also affect the SPD dynamics.  

In negative polarity, the ions, neutral species and photons 
are produced during discharge. To verify the influence of the 
excited neutral species, a corona charged non-woven sample 
(Vg = 700 V, Ig = 25 µA. and R = 30 MΩ) is re-exposed after 
t = 30 s to a negative corona discharge, with the grid 
electrode grounded Vg = 0 V, by the closing of the switch K 
(Fig. 2), and Ig = 100 µA. The SPD curve obtained in this 
experiment after t = 30 s (Fig. 8) shows well that an injection 
occurs under the action of the neutral excited species 
generated when the grid was grounded. 

Although the electric field and negative corona discharge 
energy are the main factors of injection activation, it is also 
useful to evaluate the influence of moisture. The fact that all 
these factors occur simultaneously complicates the analysis of 
the response of non-woven materials, the previous 
experiments having been carried out at high levels of the 
relative humidity RH of the ambient air. To clarify this issue,  
SPD measurements were carried out at different RH, for 
ambient air temperatures close to 20°C and a grid current Ig = 
100 µA.  

 
Fig. 9. Surface potential decay curves at several RH values of ambient air. 

 

 
Fig. 10. Plots of (tdVs/dt) curves at several RH values of ambient air. 

 
The initial surface potential is lower at high RH (Fig. 9); 

this suggests that the decay is accentuated by surface 
conduction through the fibrous non-woven fabric. The 
conduction can occur during both the corona charging and 
surface potential decay processes. The diagrams (tdVs/dt) 
obtained for RH = 25% and 44% (Fig. 10) are quite similar. 
However, when the relative air humidity is 65%, the SPD 
dynamics are characterized by the occurrence of a broad peak 
(Fig. 10), in the 100.5 – 102.5 s time range (characteristic time 
closer to 102 s). This suggests that the moisture does affect 
the progression of the charge carriers in the bulk. 

Because of the fact that the relative humidity of the 
ambient air was reduced to 44%, the initial surface potential 
becomes higher, in spite of a higher level of corona discharge 
energy (Ig = 100 µA) and exceeds -900 V (Fig. 11) against -
830V for Ig = 25 µA and RH = 65% (Fig. 4). Also, the 
diagrams (tdVs/dt) shown in Fig. 12, which correspond to Ig = 
100 µA and RH = 44%, are different from those recorded at 
lower Ig = 25 µA and higher RH = 65% (Fig. 5). 



  

 
Fig. 11. SPD curves at several grid voltage values and low RH. 

 

 
Fig. 12. Plots of (tdVs/dt) curves at several grid voltage values and low RH. 

   
 Heating the samples prior to corona charging changes the 
aspect of SPD curves and the potential decay dynamics (Figs. 
13 and 14). The higher is the temperature at which the 
samples have been heated, the higher is the initial surface 
potential (Fig. 13). During the early stage of the SPD curve 
(i.e., right after stopping the corona charging process), the 
potential declined faster in the case of samples preheated to 
higher temperatures. This generates a first crossing of the 
SPD curves, followed by a second one that occurs at a time 
when the samples are already cooled and when the decline 
becomes faster for the samples preheated at lower 
temperatures. As a consequence, the charging state of the 
samples preheated at higher temperature becomes more stable 
and the surface potential is much higher than for the samples 
preheated at lower temperatures.   

 
Fig. 13. SPD curves for negative corona-charged non-woven media, after 

being heated to various temperatures. 

 
Fig. 14. Plots of (tdVs/dt) curves for negative corona-charged non-woven 

media, after being heated to various temperatures. 

  
The (tdVs/dt) curves present a low amplitude peak with a 

characteristic time just above 100.5s. After that first peak, for 
the samples preheated to 50°C and 70°C, the amplitude 
increases constantly and no second peak is observed for 
almost three decades of t.  

However, a peak occurs for the samples preheated to 90°C 
centered above 102s and its amplitude does not exceed 40. 
This behavior suggest that, during the early stages of the 
decay, the releasing of the charge injected at the sample 
surface assisted by negative corona discharge increases with 
the pre-heating temperature.  



  

The bulk is also involved in the case of the samples 
preheated at high temperatures, because of the increased 
number of empty traps. As the temperature decreases with 
time, this effect vanishes and the SPD slows down. With the 
charges trapped deeper in the material, the potential is more 
stable at the surfaces of the samples that have been heated at a 
higher temperature.  

IV.   CONCLUSION 

The SPD dynamics, characterized by appearance of 
crossover phenomenon, is caused mainly by two mechanisms, 
namely charge injection at interfaces and charge transport in 
the bulk, which are controlled by the trapping and release 
phenomena. The electric field generated by the charges 
deposited on the surface of the samples, the energy of the 
negative corona discharge, and the presence of neutral excited 
species are significant factors of injection activation. The 
relative air humidity affects significantly both the initial 
surface potential and the SPD dynamics. Thermal 
preconditioning of the nonwoven fabrics improves the 
charging state. The fact that all these factors occur 
simultaneously complicates the analysis of the response of 
such materials. 
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