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Experimental Study on Air Decomposition By-Product Under Creepage 
Discharge Fault and Their Impact on Insulating Materials

Hassan Javed†, Kang LI*, Guoqiang Zhang* and Adrian Traian Plesca**

Abstract – Creepage discharge faults in air on solid insulating material play a vital role in 
degradation and ageing of material which ultimately leads to breakdown of power equipment. And 
electric discharge decompose air in to its by-products such as Ozone and NOx gases. By analyzing air 
decomposition gases is a potential method for fault diagnostic in air. In this paper, experimental 
research has been conducted to study the effect of creepage discharge on rate of generation of air 
decomposition by-products using different insulating materials such as RTV, epoxy and fiberglass 
laminated sheet. Moreover XRF analysis has been done to analyze creepage discharge effect on these 
insulating materials. All experiments have been done in an open air test cell under constant 
temperature and pressure conditions. While analysis has been made for low and high humidity 
conditions . The results show that the overall concentration of air decomposition by-products under 
creepage discharge in low humidity is 4% higher than concentration measured in high humidity. Based 
on this study a mathematical relationship is also proposed for the rate of generation of air 
decomposition by-products under creepage discharge fault. This study leads to indirect way for 
diagnostic of creepage discharge propagation in air.

Keywords: Creepage discharge, Air decomposition by-product, Ozone and NOx increment, XRF 
Analysis, RTV, Epoxy and fiber glass laminated sheet.

1. Introduction

Creepage discharge propagation in air causes electrical 
insulation degradation and make it unsafe for user as well 
as power system equipments. A lot of research has been
done to analyze creepage discharge activities on different 
electrical equipments and insulating materials(such as 
different solids, liquids and gases) but study for its 
detection and monitoring in air is not well defined yet [1-6]. 
Normally, electrical methods are available for detection of 
creepage discharge in solids but their drawback is that they 
can only be used offline [7]. Some other methods such as 
UV imaging and acoustic method are also present in 
literature but their drawback includes interference and high 
cost [7]. The study shows that discharges in air decompose 
air into its by-products (such as Ozone and NOx) and by 
analyzing these by-products can be potential method for 
monitoring partial discharges in air [8-9]. Although effect 
of protrusion defect on air decomposition by-product has 
been studied but creepage discharge effect is not studied 
before. Therefore it’s important to understand the relationship
between creepage discharge and generation rate of air 
decomposition by-products for detection as well as its 

monitor. Another important fact is that there is no effective 
study available which could tell about how much change 
happened in chemical composition of sold insulation after 
creepage discharge in air.

In this paper, the effect of creepage discharge on 
generation rate of air decomposition by-product has been 
studied under low and high humidity conditions. To 
simulate creepage discharge faults, different types of solid 
insulation materials are used as insulators such as RTV 
(room temperature vulcanized) silicon rubbers, epoxy rods 
and fiberglass laminated sheets. These materials are widely 
used in different power system equipments such as 
switchgears, insulators, transformers and wind turbines 
[10-12]. All experiments have been done in open air test 
cell the same day under constant temperature (25±3)0С 
and atmospheric pressure (760mmHg) conditions. Highly 
sensitive equipments are used for monitoring of gas 
concentrations of Ozone and NOx in ppb which are 
developed by 2B technologies. The inception and break-
down voltages are noted for these insulating materials 
under given conditions. The increase in concentration of air 
by-products such as Ozone and NOx in ppb after creepage 
discharge has been recorded online and compared with 
concentration of these gases when there is no discharge in 
the air. Additional study has been conducted by putting 
samples of RTV, epoxy rod and fiberglass laminated sheet 
in X-ray fluorescence spectrometer (XRF) after creepage 
discharge propagation. The result shows that specific 
changed happened in chemical composition of these 
materials after discharge propagation. At the end logarithmic
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empirical mathematical relationship is developed for rate 
of generation of air by-products after creepage discharge 
propagation. This research shows that gas analysis method 
can be an effective way to measure creepage discharge 
propagation in the air.

2. Methodology 

2.1 Theoretical analysis of creepage discharge and 
air decomposition by-products

It is very important to understand the theory behind 
creepage discharge and air decomposition by-products. 
Creepage discharge often categorized as tracking which 
is normally defined as an electric discharge phenomenon 
that occurs on the surface of a solid insulation leaving 
conducting or semiconducting paths, usually carbon, 
which cause further degradation of the solid material and 
reduction of its surface dielectric strength or so called 
“creep strength”. 

While atmospheric air is remains as main insulant on 
electricity transmission and distribution systems. The free 
electron and photons cause ionization process under the 
influence of an electric field. This avalanche process 
produces a sequence of discharges in the air which react 
with air components such as oxygen and nitrogen to 
decompose and form other product such as Ozone and 
NOx (such as NO, NO2, NO3, N2O and N2O5) gases. The 
important chemical reaction in dry air after discharge is 
shown in Table 1. This table is divided into two different 
chain reactions, first type is reaction with electron impact 
such as R1, R2, R6 and R13 while remaining type of 
reactions are without electron impact. Reactions with 
electron impact are the creator reactions of Ozone as well 
as NOx gases including NO, NO2, NO3 and N2O5. It is 
important to see from this table that electron which 
represents discharge is the main key factor in generation of 

air by-products. So its quantity and kinetic energy plays a 
vital role in generation rate of air decomposition by-
products. It is also understandable from this table that 
Ozone and NOx also interact with each other. Therefore 
these is a relationship presents between air by-products 
generation and discharge phenomena which ultimately leads
to in direct way for discharge monitoring by measurement 
of these gases. 

2.2 Experimental setup

The experimental arrangement has been designed which 
often used in actual physical conditions is shown in 
figure 1. This arrangement is based on principle of corona 
discharge which permits us to deposit surface discharges 
on insulating materials.

Solid insulation materials were placed on stainless steel 
needle electrode of diameter 3mm with the help of glue 
which is normally available in market. The distance 
between insulators and ground electrode was kept 5 mm 
for testing of all solid insulating materials while distance 
between needle and plane was kept 15 mm. Main reason for
using this specific distance is to see how much minimum 
distance can affect the concentration of air decomposition 
by-products after surface discharge. Although, large distance
does have an effect on discharge strength and air by-
products concentration but right now we have focused 
mainly on this physical arrangement and its initial study is 
already conducted in our laboratory [9].

The actual experimental arrangement of RTV silicon 
rubber is shown in Fig. 2 for reference. The circuit diagram 
of our experimental arrangement is shown in Fig. 3. The 
IEC standard 60270:2000/BS EN 60270: 2001 “High-
Voltage Test Techniques – Partial Discharge Measurements”
[13] were implemented during testing and self excited 
arrangement has been used in our experimental setup. The 
T represents a 150 kVA transformer with single phase 

Table 1. Chemical reaction for dry air decomposition by-
product under corona discharge

Sr# Chemical Reaction Sr # Chemical Reaction

R1 e+O2→O+O+e R16 NO+O3→NO2+O2

R2 e+O3→e+O+O2 R17 NO2+O3→NO3O2

R3 O+O+O2→O2+O2 R18 NO+NO3→2NO2

R4 O+O2 +O2→O3+O2 R19 NO2+NO3→N2O5

R5 O+O2+N2→O3+N2 R20 N2+OH→N2O+H

R6 e+O3→O2+O R21 N+OH→NO+H

R7 O+O2+O3→ O3+O3 R22 NO2+NO2→NO+NO+O2

R8 O+O2+H2O→ O3+H2O R23 NO2+NO3→NO+NO2+O2

R9 O+O3→O2+O2 R24 NO2+NO3+O2→N2O5+O2

R10 O3+O2→O+O2+O3 R25 NO3+O→O2+NO2

R11 O3+O2 →O+O2+O3 R26 NO3+O2→O3+NO2

R12 O3+O3→O+O2+O3 R27 NO3+NO→NO2+NO2

R13 e+N2→N+N+e R28 N2O+O→NO+NO

R14 N+O2→NO+O R29 N2O5→NO2+NO3+O2

R15 N+O3→NO+O2 R30 O+N2O5→2NO2+O2

Fig. 1. Schematic diagram of special experimental arrange-
ment
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along with power frequency was kept 50Hz and the 
intensity of PD is controlled by regulating transformer at 
LV side. The current limiting resistor is represented by Z. 
Cx and Ck represents capacity of test cell with artificial 
defects and coupling capacitor respectively.

PD measurement device Model/TWPD-2C which is 
based on pulse current method is used which is represented 
by Mpd. Zm is the input impedance of PD measuring 
instrument. All electrode pairs are fixed in a test cell and 
the parameter of test cell is shown in table 2.

The distance between gas inlet, gas outlet and discharge 
positions are all kept constant. When the surface discharge 
happens, Ozone as well as NOx are produces which goes 
through polytetrafluoroethylene(PTFF) tubes to measuring 
spectroscopy. PTFE tubes do not react with Ozone and 
NOx gases. These instruments are developed by 2B Tech 
(2B Technologies, Inc.) on the principle of UV absorption 
method and chemiluminescence (CLS) method respectively. 
The model M106L is used for measuring Ozone and Model 
410 is used for measuring NOx gases. PD measurement 
device Model/TWPD-2C which is based on pulse current 
method is used which is represented by Mpd. Zm is the 
input impedance of PD measuring instrument. All electrode 
pairs are fixed in a test cell and the parameter of test cell 
is shown in Table 2. The distance between gas inlet, gas 
outlet and discharge position are all kept constant. When 
the creepage discharge happens, Ozone as well as NOx

are produces which goes through polytetrafluoroethylene
(PTFF) tubes to measuring spectroscopy. PTFE tubes do 
not react with Ozone and NOx gases. These instruments are 
developed by 2B Tech (2B Technologies, Inc.) on the 
principle of UV absorption method and chemiluminescence 
(CLS) method respectively. The model M106L is used for 
measuring Ozone which is represented by MO3 in Fig. 3 
and Model 410 is used for measuring NOx gases which 
is represented by MNOx. In Fig. 3, A> represents the 
connection with discharge monitoring device.

The gases later are pumped out from devices after 

measuring and flow rate is 980 ml/min which is kept 
constant during all experiments for both instruments. 
Moreover, the distance between discharge generating 
area and connecting point with these instruments with 
the cell is kept 40 cm initially. It is important to note that, 
to perform testing online in safe environment these gas 
measuring devices were kept away at a distance of 220 
cm from the test sell. An artificial humidifier is used to 
achieved constant low (30%) and high (60%RH) humidity 
conditions. The humidity is measured by “Hand-Held 
Thermo-Hygrometer” designed by Victor China and 
accuracy of this instruments is ±2% RH.

2.3 Material specification

The thickness of RTV and fiberglass laminated sheet 
materials were kept 2 mm while their size is 23mm×16mm. 
The diameter of epoxy material is 20 mm while its 
thickness was 2mm. The dielectric strength of these solid 
materials under testing are shown in Table 3. The purpose 
of this table is to understand the dielectric strength of 
insulating materials under testing, which indirectly affect 
on air decomposition by-products after creepage discharge 
propagation in air. The surface of these insulating material 
are effected by water vapors which form a conducting path 

Table 2. Parameter of test cell

Parameters D L Gas inlet Gas outlet

cm 15 80 33 33

Fig. 2. Experimental arrangement of insulating material 
RTV

Fig. 3. Circuit diagram

Table 3. Dielectric strength of different insulating 
mmaterials

Parameter name Unit RTV Epoxy
Fiberglas 

laminated sheet

Dielectric Strength kV/mm 21.4 50 37.5

Fig. 4. RTV, epoxy rod and fiber glass laminated sheet 
after discharge and XRF analysis (From right to 
left)
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after come under high voltage stresses causes degradation 
and aging phenomena [14-15]. Fig. 4 shows the first look 
of these materials after XRF analysis.

2.4 X-Ray florescence (XRF) spectrometer

To understand the effect of creepage discharge capacity 
on RTV, epoxy and fiberglass laminated sheet, it is 
necessary to do experiments which leads us to know about 
change in internal chemical composition. The XRF (X-Ray 
florescence spectrometer) analysis is one of the effective 
method which leads us to know the initial qualitative 
change in chemical composition of solid insulation after 
discharge. This is used due to its main principle of 
qualitative analysis without damaging or changing the 
sample condition. X-Ray florescence (XRF) is a process 
whereby electrons are displaced from their atomic orbital 
positions, releasing a burst of energy that is characteristic 
of a specific element in the sample. This release of energy 
is then registered by the detector in the XRF instrument, 
which in turn categorizes the energies by element in the 
sample under testing. 

The internal experimental setup of XRF during our 
experiments is shown in Fig. 5. XRF spectrometer model 
Primus II manufactured by Rigaku is used. The samples of 
RTV, epoxy and fiberglass laminated sheet after creepage 
discharge test were pleased in XRF spectrometry. The 

measuring conditions for all samples were kept same as 
given in Table 4 under our testing.

3. Experimental Results 

3.1 Air decomposition by-product analysis in low 
humidity(30%RH)

Creepage discharge effect on air decomposition by-
products has been analyzed under low humidity (30%RH) 
by applying 11 kV to generator discharge condition. The 
concentrations of air decomposition by-product after 

Table 4. XRF machine measurement conditions

Condition Value

Temperature of measuring area 36.40С

Collimator S4

Crystal XX25

Optical Filter 400NI

Attenuator 1/1

Detector 10nm

PHA Low 100-High 250

Pressure 1.0 Pa

Current 100mA

Fig. 5. Experimental setup of XRF (a-collimator, b-target, 
c-target table, d-detector)

Fig. 6. Ozone concentration at low humidity

Fig. 7. NOx concentration at low humidity(30%RH)

Fig. 8. Crepage discharge (CD) capacity at low humidity
(30%RH)
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creepage discharge is shown in figure 6 for Ozone while 
NOx concentration is shown in figure 7 for RTV, epoxy and 
fiberglass laminated sheet. The data is analyzed for 1 hour 
and all concentration is recorded online. The creepage 
discharge (CD) capacity is also shown in figure 8 for these 
insulating materials which is measured with TWPD-
2C.These graphs are constructed by measuring incremental 
change in concentration of air by-products with respect to 
time after creepage discharge fault in air. PD signals after 
discharge has been shown in figure 9.

These figures explain that gas concentrations of Ozone 
and NOx along with CD capacity become stable after 1 
hr. The main reason for their stability is creepage discharge, 
which becomes stable after certain time due to electric 
field of needle electrode when constant voltage is applied. 
It is important to note from these graphs that RTV 
produces more air by-products along with discharge 
capacity as compared with epoxy and fiberglass laminated 
insulations.

Table 5. Chemical reaction during partial discharge in high 
humidity

Sr# Chemical Reaction Sr# Chemical Reaction

R1 e+O2→O+O+e R16 NO+O3→NO2+O2

R2 H2O+O→2OH R17 NO2+O3→NO3O2

R3 O+O2+M→O3+M R18 NO+NO3→2NO2

R4 O2+H→O+OH R19 NO2+NO3→N2O5

R5 OH+O3→HO2+O2 R20 N2+OH→N2O+H

R6 e+O3→O2+O R21 N+OH→NO+H

R7 OH+OH→H2O+O R22
NO2+OH+M→

HNO3+M M=N2+O2

R8 OH+OH+M→H2O2+M M=O2 R23 NO3+H2O→HNO3+OH

R9 OH+OH+M→H2O2+M M=N2 R24 N2O5+H2O→HNO3+HNO3

R10 OH+OH→HO2+H R25 NO2+HO2→HNO2+O2

R11 OH+H2O2→H2O+HO2 R26 HNO2+OH→NO2+H2O

R12 HO2+O3→OH+2O2 R27 HNO3+O→NO3+OH

R13 e+N2→N+N+e R28 NO+OH+M→HNO2+M M=N2

R14 N+O2→NO+O R29
NO2+OH+M

→HNO3+M M=N2+O2

R15 N+O3→NO+O2 R30 O+N2O5→2NO2+O2

3.2 Air decomposition by-product analysis in high 
humidity(60%RH)

Before explaining the experimental results, it is 
important to understand the theory of air by-products 
generation in high humidity. It is known that discharge 
decomposes air into it’s by products such as Ozone and 
NOx ( x 2 3 2 2 5NO NO NO NO N O N O= + + + + ) gases [8]. 
A lot of researches have been done in the field of Ozone 
generators but few contributions have found for monitoring 
of discharge through measuring air by-products [16]. 

The presence of high humidity in the air causes reduction
of discharge capacity [9]. The table 5 shows the chain of 
reaction which happened in high humidity during corona 
discharge [17]. In needle plate experimental configuration 
the presence of water vapors in air changes the shape of 
streamer and its propagation along with its concentration 
which ultimately reduce the concentration of air by 
products [16]. It generates new gases which reduce the 
concentrations of Ozone and NOx. These extra gases are 
H2O2, HNO2 or HNO3 resulting from reactions under partial
discharge with water vapors [17].

The concentrations of air decomposition by-product 
after discharge is shown in figure 10 for Ozone while NOx
concentration is shown in figure 11.The data is again 
online analyzed for 1 hr time duration. The creepage 
discharge (CD) capacity is also shown in figure 12. 
Interesting studies has been conducted at micro level to 
study the effect of humidity on discharge which show that 
electron density is the key role in production of Ozone and 
NOx[17]. Our study just mentioned the dynamics of 
reactions and only focused on generation rate of air 
decomposition by-products under creepage discharge in 
low as well as high humidity by measuring concentration 
of these gases. PD generated signals under high humidity is 
shown in figure 13.

(a) RTV

(b) Epoxy 

(c) Fiberglas

Fig. 9. PD generated signals using different insulation 
materials under low humidity
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Fig. 10. Ozone concentration at high humidity (60%RH)

Fig. 11. NOx concentration in high humidity (60%RH)

Fig. 12. Creepage discharge (CD) capacity in high humidity
(60%RH)

3.3 XRF analysis after creepage discharge of insulation
material

Due to importance of solid insulating materials in power 
system safety it is very important to understand more in 
depth about creepage discharge effect.

The purpose of XRF analysis of RTV, epoxy and 
fiberglass laminated sheet was to analyze the effect on 
internal chemical composition after constant creepage 
discharge. The XRF qualitative results is shown Table 6, 7 
and 8 for RTV, epoxy as well as fiberglass laminated sheet 
respectively. It is important to note that all samples of solid 
insulations were put in XRF when constant voltage of 
11kV is applied on them to create discharge propagation. 

Those samples which were used under high humidity 

(a) RTV

(b) Epoxy 

(c) Fiberglas

Fig. 13. PD signal generation using different insulation 
material under high humidity

Table 6. Qualitative XRF analyses of RTV

Material Normal Value Effected Value after PD

Na 0.2442 0.2733

Al 0.1167 0.3778

Si 98.0045 96.3732

S 0.3635 0.5631

Ca 0.1245 0.5394

Fe 1.1324 1.3418

Table 7. Qualitative XRF analyses of epoxy

Material Normal Value Effected Value(PD

Na 1.1076 1.5623

Mg 5.4137 5.5647

Al 12.136 11.9197

Si 47.0811 46.09

P 0.0784 0.0934

S 0.5098 0.251

Cl 0.7738 1.8144

K 1.2293 1.0933

Ca 29.2287 29.7525

Ti 0.9059 0.6411

Fe 1.0237 0.9985

Sr 0.1704 0.1843

Zr 0.0524 0.0374
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conditions testing were placed in XRF for qualitative 
analysis. This data is measured after 1 hr creepage 
discharge propagation on these materials. Although XRF
spectrometer measure unknown elements in a sample on 
the basis of their intensity but only qualitative analysis 
has been performed to analyze specific elements in 
percentage(%) and intensity results is not discussed in 
detail. These insulating materials are organic materials but 
study of C, O and H are also not discussed. It is observed 
form after qualitative XRF analysis that Aluminum (Al), 
Silicon (Si), Sulfur(S), Calcium(Ca) and Francium (Fr) are 
the core specific elements which are present in all these
solid insulating materials and major changes have been 
observed in mass concentration after creepage discharge 
propagation.There is an average decrease of 0.3-1% by 
mass in Si and S after 1 hr discharge propagation in all 
insulating materials while 0.4-2% average increase has 
been noted in concentration of Ca in RTV and fiberglass.

These results show that the decrease in epoxy and 
increase in concentration of elements in RTV. All samples 
were tested three times under constant experimental 
conditions and average has been made in these tables. 
Every time new sample were used for testing. The increase 
and decrease of these elements in material might affect the 
surface which cause ageing and surface damage that reduce 
the performance of insulation.

More study is required to understand about particular 
role of each element in damage of insulating material. It’s
also important to study more about the specific increase 

of some elements in insulating materials after creepage 
discharge. There is an average decrease of 0.3-1% by mass 
in Si and S after 1 hr surface discharge in all insulating 
materials while 0.4-2% average increase in concentration 
Ca in RTV and fiberglass. As per results decrease in epoxy 
and increase in concentration of elements in RTV has been 
noted. All samples were tested three times and average 
has been made in these tables. The increase and decrease 
of these elements in material might affect the surface 
which cause ageing and surface damage that reduce the 
performance of insulation. More study is required to 
understand about particular role of each element in damage 
of insulating material. It's also important to study more 
about the specific increase of some elements in insulating 
materials after surface discharge.

4. Observation and Discussion

The analysis of air decomposition by-products under 
low humidity (30%RH) and high humidity(60%RH) is 
represented in Table 10 as well as 11. The inception and 
breakdown voltage is also mentioned in these tables. The 
concentration of air by-products at no discharge is shown 
in Table 9. The discharge propagation has been initiated by 
applying 11kV under all humidity testing conditions for 1 
hr time period. The comparison between Table 9 average 
values with Table 10 and 11 shows clearly that there is 
significant increase in concentration of air decomposition 
by-products after creepage discharge fault.

The concentration of air by-products after creepage Table 8. Qualitative XRF Analyses of Fibreglass

Material Normal Value Effected Value(PD)

Mg 16.4073 13.9511

Al 0.217 0.2151

Si 1.0361 0.896

S 0.0211 0.0277

Cl 0.2021 0.2728

Table 9. Background values of ozone and NOx at no 
discharge condition

Gases Max (ppb) Min(ppb) Average(ppb)

Ozone 7 1.9 4.87

NOx 6.7 0.7 4.49

Table 10. Low Humidity(30%RH) Analysis 

Material 
Used

Inception Voltage
(kV)

Constant Voltage
(kV)

Average Ozone 
(ppb)

Average NOx

(ppb)
Average Discharge 

Capacity (pC)
Breakdown 
voltage(kV)

RTV 5.8 11 3483.1 81.1 40008.2 14

Epoxy 6.7 11 1138.8 47.2 20709.8 13.7

Fiberglass 6.2 11 1962.6 58.8 16434.9 12.8

Table 11. High Humidity(60RH) Analysis

Material
Used

Inception Voltage
(kV)

Constant Voltage
(kV)

Average Ozone
(ppb)

Average NOx

(ppb)
Average -Discharge

Capacity (pC)
Breakdown Voltage

(kV)

RTV 5.5 11 662.53 34.61 5713.5 12.8

Epoxy 6.3 11 61.18 14.29 729.9 14.2

Fiberglass 5.9 11 1209.6 45.55 11588.5 13.4

Table 12. Rate of generation of air by-products 

Experimental condition RTV (Ozone) Epoxy (Ozone) Fiber glass (Ozone) RTV (NOx) Epoxy (NOx) Fiber glass (NOx)

30%RH 0.114 0.01 0.106 0.05 0.04 0.047

60%RH 0.08 0.04 0.09 0.04 0.03 0.042
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discharge under low humidity is higher as compared to 
concentration recorded under high humidity test condition. 
The breakdown voltage and inception voltage is also 
effected by humidity [19-20]. As per initial experimental 
analysis, RTV produces more air by-products as compared 
to other insulating materials in low humidity test. The 
main reason is dielectric strength of RTV is lower than 
other insulating materials as shown in table 3. In case of 
high humidity testing, significant decrease has been 
noted in concentration of air by-products due to water 
vapours which react with air decomposition by-products 
and convert into other gases as discussed above. It is also 
observed that fibreglass(often used in transformer insulation) 
produces more air decomposition by-products in case of 
high humidity. The main reason is its glass lamination 
coating which react with moistures to make it more 
conducting material [21].

As far as XRF study is concern, only qualitative analysis 
has been studied after the creepage discharge propagation 
on RTV, epoxy and fibreglass laminated sheet. The change 
in concentrations of Si, S , Fe , Ca and Al in these materials 
leads to propose study more at micro level about creepage 
discharge propagation effect on these materials and reason 
behind their specific change. It is also important to note that 
under such experimental configuration, Ozone and NOx do 
not react with these insulating materials.

Above all measurements were taken by every time using 
fresh samples of air. Experiments were performed in such a 
way that after each discharge, concentrations of gases were 
measured first and later these gases were pumped out 
with the help of Ozone and NOx monitoring devices. Each 
measurement were taken by performing each experiment 
three times and average has been mentioned in table 10 
and 11. This study of gas analysis methodology using air 
decomposition by-product can be helps to detect and 
monitor creepage discharge faults in different power system
equipments such as motors, wind turbines and AIS.

5. Mathematical Relationship for Rate of 

Generation

Above study leads to a point to find out generation rate 
of air decomposition by product under creepage discharge 
fault in different humidity conditions. It is important to 
note from above figures and data that the concentration of 
gases increase in the beginning and then it become stable 
after 1 hr at specific value. The mathematical relationship 
for rate of generation is developed by rate equation 
commonly known as rate law [22]. According to this law, 
concentration of air decomposition by-products can be 
modeled as first order reaction because reactant is only 
concentration of gases. The first order reaction of rate 
equation with respect of concentration is given below. A
first order reaction depends on the concentration of only 
one reactant (a unimolecular reaction). Other reactants can 

be present, but each will be zero order. The rate law for a 
reaction that is first order with respect to a reactant A is

[ ]  dC
r k C

dt
= = (1)

Here k is the first order rate constant, which has units of 
1/s or s−1. The integrated first order rate law is

final initiallnC kt lnC= +  (2)

Here C0 is CInitial and t is the difference between initial 
and final time of measured concentration by rearranging Eq.
(2) we get: 

Δ
    

Δ

final initial

final initial

lnC lnCC
rateof generation

t t t

-
= =

-
(3)

Here

ΔC : The rate of change of concentration of gas 

finallnC : Natural log of final values of concentration of 
gas after creepage discharge

initiallnC : Natural log of initial values of concentration of 
gas before creepage discharge

Δt : Rate of change of total time during creepage 
discharge

finalt : Time after creepage discharge

initialt : Initial time before creepage discharge

The unit of this equation in ppb/min. As in our case of 
study, we took 1 hr as standard time so the rate of 
generation of air by-products by using equation is given 
below in Table 12. 

The rate of generation of Ozone and NOx at no discharge 
condition is 0.03 ppb/min as well as 0.02 ppb/min 
respectively. These values are much lower than the rate 
which we observe in Table 12 after discharge for all 
humidity conditions. As per Eq. (3) the overall rate of 
generation of air decomposition by-products at 30%RH is 
0.37 ppb/min while at 0.33 ppb/min has been calculated for 
60%RH condition. After performing the basic algebra it is 
concluded than the rate of generation of air by-products 
under low humidity is 4% higher that rate of generation in 
high humidity. These results show that Eq. (3) can be used 
effectively for calculation of rate of generation of air by-
products for monitoring of surface discharge propagation 
in air.

6. Conclusion

In this paper, experimental study has been conducted 
to analyze air decomposition by-products under creepage 
discharge fault in different humidity conditions and their 
effect on different insulating materials (using XRF 
analysis). The results show that after creepage discharge 
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the rate of generation of air decomposition by-products 
under 30%RH humidity condition are higher than 60%RH 
humidity. Different solid insulating materials show different
generation rates under different humidity conditions. The 
order of solid insulating material generating air by-
products in case of low humidity is RTV > fiberglass >
epoxy while for high humidity order is fiberglass > RTV
> epoxy. The XRF analysis of these materials has been 
conducted by applying constant 11kV creepage discharge 
propagation for 1hr which shows that Si and S significantly 
reduce after discharge in all solid insulation. All results 
and calculations lead us to a point where we can say that 
air decomposition by-products increment after creepage 
discharge can be an effective tool for the monitoring of 
creepage discharge in air and there is more need to study at 
micro level about internal composition of solid insulating 
materials after creepage discharge. 

Future Work

Experimental study is going on air decomposition by-
products under surface discharge faults using different 
experimental configurations. The XRF analysis of these 
insulating materials is also going on for steady discharge 
and low voltage surface discharge.
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