
Conference Proceedings of ISEIM 2017 

Trap and Carrier Transport of Pristine and Aged 
Silicone Rubber by Surface Potential Measurements 

 
Wenbin Kang1, Chenyu Yan2, Shijun Li2, Yin Huang2, Daomin Min2*, and Shengtao Li2 

1 China Electric Power Research Insutitute, Wuhan, 430074, China 
2 State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an, 710049, China 

*E-mail: forrestmin@mail.xjtu.edu.cn 

 
Abstract—Silicone rubber is widely used in power equipment 
such as cable joint. In order to get better performance of 
insulator, it is significant to evaluate the insulation condition of 
aged silicone rubber insulators. Thus in this paper, surface 
potential decay measurement has been applied to investigate the 
performance of pristine and aged silicone rubber. Pristine and 
aged silicone rubber samples are charged by positive and 
negative corona discharging. Then the surface potentials are 
measured by a non-contact probe. It is found that surface 
potential in aged rubber decays faster, which is resulted from 
more shallow traps generated during ageing process, for 
electrons are easier to migrate or even trap out of the shallow 
traps. Additionally, carrier mobility shows an increase in aged 
rubber for both positive and negative charges, which may be 
resulted from the increase in shallow traps in the material. As 
regards to conductivity, it turns out that conductivity in aged 
rubber is higher than that in pristine one, which indicates 
charges in aged rubber migrate faster and further proves the 
conclusion mentioned that shallow traps increase in internal 
material. 
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I.  INTRODUCTION 

Silicon rubber composite insulator is widely used in the 
electric power transmission system all over the world. 
Compared with porcelain and glass insulators, silicone rubber 
insulators show good performance with lower pollution [1-3]. 
However, during long-time work, charges are easily 
generated on the surface of material, which may lead to 
flashover and further affect the performance of electric 
equipment [4-6]. In this regard, it is significant to investigate 
the generated charge to evaluate the aged degree of material. 

In recent few decades, many researchers focus on the 
mechanism of surface charge generation, distribution and its 
impact on flashover, whereas a specific explanation has not 
been approached. Kindersberger analyzes the approaches of 
charge decay and conduct simulation of experimental analysis 
of surface charge accumulation and decay for silicone rubber, 
epoxy resin and tetrafluoroethylene ring [7-9]. Kumada pays 
attention to the algorithm of surface charge, transferring the 
relation of charge density and probe response in electrostatic 
probe method from spatial domain to spatial frequency 
domain, which effectively accelerate the calculation [10]. Min 
et.al investigate the influence of electron beam irradiation on 
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surface trap properties and surface conduction of epoxy resin 
microcomposites [11]. 

II. EXPERIMENTAL PREPARATION AND PROCESS 

A. Samples 

A silicone rubber sample with a thickness of about 2.0 
mm was aged ac voltage of 10 kV with 5, 7, 11 and 13 
harmonic components for 30 days. A pristine silicone rubber 
sample was used for control experiments. Both samples are 
paved and stuck on the copper plate. 

B. Experimental process 

Prior to introducing the process, experimental method 
and equipment will be introduced here. Fig. 1 illustrates the 
structure of surface potential decay measurement system. 
This system is a typical needle-grid electrode system, 
consisting high voltage needle electrode, metal grid electrode 
and grounding electrode system. During the experiment, 
higher voltage is applied to the needle electrode, while lower 
voltage is applied to the grid electrode, thus needle will 
appear corona discharge and generate lots of charges, then 
charges will migrate to the surface of sample under the effect 
of electric field. During the experiment, the sample will 
firstly be charged by applied voltage and then moved right 
below the probe, which will detect the potential on the 
surface and transfer data to the computer, where Labview is 
applied to collect the data and generate Excel sheet. 

 
In this paper, two groups of experiments were conducted. 

(1) Negative corona charging 
Pristine sample: needle electrode voltage is -10 kV, grid 

electrode voltage is -5 kV, period of charging is 2 min, 
detection period is 9 h. 

Aged sample: needle electrode voltage is -10 kV, grid 
electrode voltage is -5 kV, period of charging is 2min, 
detection period is 4 h. 

(2) Positive corona charging 
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Figure 1. Surface potential decay measurement system.
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Pristine sample: needle electrode voltage is 10 kV, grid 
electrode voltage is 5 kV, period of charging is 2 min, 
detection period is 9 h. 

Aged sample: needle electrode voltage is 10 kV, grid 
electrode voltage is 5 kV, period of charging is 2 min, 
detection period is 4 h. 

III. EXPERIMENT RESULTS AND ANALYSIS 

A. Experimental results  

During the experiment, probe detects the surface 
potential once a second, Excel sheet can be transferred to 
image to demonstrate the potential decay tendency and 
results are shown as Fig. 2. 
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Figure 2. Surface potential decay curves of pristine and aged SiR samples 

after (a) negative corona charging and (b) positive corona charging. 
 

As Fig. 2 indicates, under both of negative and positive 
corona, ageing sample shows a faster decay rate than the 
pristine one, which manifests more shallow traps are 
generated during ageing. Additionally, it needs to be noticed 
that for aging sample, the curve drops more remarkably 
under the negative corona than that under the positive corona, 
thus it can be deduced that hole traps are deeper than 
electron traps, leading to fast decrease of surface potential. 
Moreover, compared with two curves in a) and b), samples 
under negative corona reach a higher potential than that 
under the positive corona, which further prove the previous 
conclusion that hole traps are more than electron traps. 

B. Trap distribution analysis 

It is agreed that potential decay is closely relating to the 
distribution of traps. Fig. 3 shows the potential decay process 
caused by detrapping of charges from surface traps. 

 

 In accordance with the surface potential decay theory, 
raised by Simmons [12, 13], it can be obtained the surface 

trap energy level in function of surface trap density as 
equation 

 ST B ATEE TIn v t  ,                        (1) 

where EST represents surface trap energy level in eV; B is 
Boltzmann constant, equaling to 1.3810-23 J/K; T is absolute 
temperature in K; vATE is attempt-to-escape frequency in s-1; 
Additionally, attempt-to-escape frequency can be expressed 
as BT/h, where h is Planck constant, equaling to 6.6310-34 
Js. 
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Figure 3. Schematic of surface potential decay model caused by detrapping 

of charges from surface traps. 

 
In addition, surface trap density in function of potential 

decay rate can be obtained by equation 
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where d is thickness of sample in m; s(t) is surface potential 
in V. for simplification, s(t)/ t can be fitted in accordance 
with  

     1 1 2 2= 0 exp exps s A x t A x t           (3) 
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Figure 4. Surface trap distributions for pristine and aged SiR samples after 

(a) negative corona charging and (b) positive corona charging. 
 

Fig. 4 manifests the trap density in function of trap energy. 
It can be obtained that trap energies in both samples under 
positive and negative corona decrease, energy of deep trap is 
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around 0.87 eV for pristine sample but that in ageing sample 
decreases to around 0.85 eV, while energy of shallow 
declines to 0.78 eV or so. Additionally, shallow trap amount 
get larger and deep trap amount decline. In this way, 
electrons in shallow traps are easier to trap out and shift 
away, resulting potential decay, thus process of potential 
decay in aged rubber conducts faster than non-age one. As 
regards to the reason why shallow trap amount rise up, it 
may be resulted from long-time exposure and work and 
specific mechanism still remains to be investigated. 

C. Carrier mobility analysis 

Surface potential decay measurement results also indicate 
the regulation of carrier mobility, which can be estimated 
from the initial surface potential decay rate by [14, 15], 
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Additionally, surface potentials and corresponding decay 
rates can also be used for estimating carrier mobility, which 
can be visually viewed. Here carrier mobilities estimated 
with equation (4) and initial surface potentials and 
corresponding decay rates are estimated from the 
experimental curves are shown in Table 1 and Fig. 5 
respectively. 

TABLE I.  CARRIER MOBILITES OF POSITIVE AND NEGATIVE CHARGES 
ESTIMATED BY EQUATION (4). 

SiR sample Carrier mobility 
of positive charges 

(m2V-1s-1) 

Carrier mobility 
of negative charges 

(m2V-1s-1)  
Pristine  2.610-13 1.010-13 

Aged  6.110-12 1.510-12 

 

 

It is noticeable that a transition point exists in each figure, 
which is represented by transit time tt. Carrier mobility then 
can be estimated by the following equation. 
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In this way, carrier mobilities of positive and negative 
charges are presented in Table 2. 

TABLE II.  CARRIER MOBILITES OF POSITIVE AND NEGATIVE CHARGES 
ESTIMATED BY EQUATION (5). 

SiR sample Carrier mobility 
of positive charges 

(m2V-1s-1) 

Carrier mobility 
of negative charges 

(m2V-1s-1)  
Pristine  3.210-13 1.810-13 

Aged  5.510-12 1.710-12 

 
It can be seen that two columns of data are relatively 

close, which is also an indication that results are valid for 
analysis. It is easy to find that carrier mobility aged silicone 
rubber is higher than that in pristine one, consequently, 
higher carrier mobility results in higher decay rate in aged 
rubber, which is in good agreement with experimental results. 

D. Conductivity  

It is reasonable to estimate conductivity through Surface 
potential decay results, for conductivity itself is a parameter 
of demonstrating charge transportation in material bulk. 
Conductivity in function of potential decay obeys [16], 
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where (s) is intrinsic conductivity of sample, including 
electronic conductivity and hole conductivity.  
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Figure 5. Surface potential as a function of decay time in logarithmic 
coordinates after (a) negative corona charging and (b) positive corona 

charging. 
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Figure 6. Conductivity as a function of square root of surface 
potential. (a) negative corona charging, (b) positive corona charging
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In addition, derived value can be compared with different 
models of field dependent conductivity, such as Poole-
Frenkel model (PF) [16, 17] 
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In equation (7),  is considered to be a factor in function 
of s. Conductivity as a function of square root surface 
potential are drawn in Fig. 6. It can be obviously seen that 
conductivity decreases with a decrease in surface potential, 
which is resulted by decrease in built-in electric field. 
Additionally, it turns out that conductivity in aged silicone 
rubber is higher than that in pristine one, which indicates 
charges in aged rubber migrate faster and further proves the 
conclusion mentioned that shallow traps increase in material. 

 

IV. CONCLUSION 

Surface potential decay characters have been tested and 
analyzed. Conclusions of the paper are shown below. 

(1) Surface potential decays faster in aged silicone rubber 
than that in the pristine one. 

(2) More hole traps than electron ones exist in both aged 
and pristine material. 

(3) More shallow traps appear in the aged silicone rubber 
compared with pristine one, which allow electrons migrate 
easier. 

(4) Carrier mobilities for positive and negative charges 
are higher in aged silicone rubber than those in pristine one. 

(5) Conductivity decreases with a decrease in surface 
potential, and it turns out that conductivity in aged rubber is 
higher than that in pristine one. 
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