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ABSTRACT 

Though insulation is critical to the performance of an electrical cable the assessment 

of the status of an insulation is still a major challenge. Since the root cause of most 

electrical cable failures is due to insulation deterioration, if the rate of aging can be 

predicted, properly scheduled, appropriate maintenance programs can nearly eliminate 

cable failures.  

The kinetics of plasticizer evaporation of polyvinyl chloride based locally 

manufactured electrical cable insulations were investigated. Plasticizer evaporation is 

a slow process under low temperatures and would take years to study under such 

conditions. Therefore, accelerated conditions were used to get readings within the 

limited timeframe. Nevertheless, data obtained under accelerated conditions was 

mapped to normal conditions through Arrhenius approach.  

Deconvoluted derivative thermograms were used to identify the initial plasticizer 

percentages and Arrhenius approach was used to map accelerated condition 

measurements to ambient temperature evaporation rates.  

As cables are subjected to time varying temperature profiles a method for finding the 

equivalent temperature could be developed using kinetics of plasticizer evaporation 

whereby the operating life of the cable can be determined. The developed method 

could be applied for an electrical cable under a roof which is subjected to fluctuating 

thermal stress throughout the day and required time to evaporate critical level of 

plasticizer was determined.   



   
 

 
 

TABLE OF CONTENTS 

ABSTRACT ............................................................................................................ iii 

LIST OF FIGURES .................................................................................................. v 

LIST OF TABLES .................................................................................................. vi 

LIST OF ABBREVIATIONS ................................................................................ vii 

1. INTRODUCTION ............................................................................................ 1 

1.1 Background to the study ................................................................................. 1 

1.2 Objectives of the study ................................................................................... 4 

1.3 Organization of the thesis ............................................................................... 5 

2. LITERATURE REVIEW.................................................................................. 6 

2.1 Cable Terminology ......................................................................................... 7 

2.2 Construction of a low voltage cables .............................................................. 9 

2.3 Insulation and Jacketing Materials used in Cable Industry .......................... 10 

2.4 Characteristics of Poly (vinyl chloride) (PVC) Insulation............................ 16 

2.5 Theories of Plasticization.............................................................................. 23 

2.6 Degradation and failure of Cables ................................................................ 25 

3. EXPERIMENTAL .......................................................................................... 36 

3.1 Materials ....................................................................................................... 36 

3.2 Methodology ................................................................................................. 36 

4. RESULTS AND DISCUSSION ..................................................................... 37 

4.1 Initial Plasticizer Content in Insulation ........................................................ 37 

4.2 Representation of rate constant at 80-140 0C temperature range.................. 43 

4.3 Development of a rating index...................................................................... 52 

5. CONCLUSION ............................................................................................... 58 

REFERENCES ....................................................................................................... 59 

 

 

  



   
 

 
 

LIST OF FIGURES 

 

Figure 2.1: Construction of a cable…………………………………………………...8 

Figure 2.2: Construction of a non-shielded cable…………………………………….9 

Figure 2.3: Construction of a shielded cable………………………………………..10 

Figure 2.4: Repeat unit of PVC……………………………………………………...16 

Figure 2.5: Structure of phthalate plasticizer………………………………………..18 

Figure 2.6: Bond between plasticizer and PVC……………………………………..20 

Figure 2.7: Structure of the repeat unit of DOP..……………………………………21 

Figure 2.8: Formation of polyacetylene……………………………………………..22 

Figure 4.1: TGA of the cable insulation with unknown plasticizer percentage……..37 

Figure 4.2: TGA of cable insulation in the range of 150-330 0C……………………38 

Figure 4.3: DTG curve between 150-330 0C………………………………………..39 

Figure 4.4: Deconvoluted DTG curve ……………………………………………...40 

Figure 4.5: DTG curve for plasticizer evaporation……………………………….…41 

Figure 4.6: Graphical representation of rate constant of evaporation at 800C……....42 

Figure 4.7: Graphical representation of rate constant of evaporation at 1000C……..43 

Figure 4.8: Graphical representation of rate constant of evaporation at 120 0C…….44 

Figure 4.9: Graphical representation of rate constant of evaporation at 140 0C…….45 

Figure 4.10: Arrhenius plot of rate constant for plasticizer evaporation……………47 

Figure 4.11: Plasticizer evaporation mapping………………………………………48 

Figure 4.12: Temperature function of a roof throughout the day…………………...49 

Figure 4.13: Weight loss of cable under roof……………………………………….54  



   
 

 
 

LIST OF TABLES 

 

Table 2.1: List of plasticizers………………………………………………………..19 

Table 4.1: Plasticizer evaporation using TGA………………………………………41 

Table 4.2: Rate constant at different testing temperatures…………………………..46 

Table 4.3: Time required to evaporate 25%, 50, 75% and 90% plasticizer…………49 

Table 4.4: Time required to evaporate plasticizer at 540C…………………………..55  



   
 

 
 

LIST OF ABBREVIATIONS 

PVC     Poly(vinyl chloride) 

PPVC     Plasticized poly(vinyl chloride) 

PB     Partial Discharge 

UV     Ultra Violet 

Tg     Glass Transition Temperature 

EVA     Ethylene Vinyl Alcohol 

GI     Galvanized Iron 

PE     Polyethylene 

PP     Polypropylene 

CPE      Chlorinated polyethylene 

PU     polyurethane 

TPR     Thermoplastic Rubber 

SBR     Styrene Butadiene Rubber 

EPR     Ethylene Propylene Rubber 

CSPE     Chlorosulfonated polyethylene 

EPDM     Ethylene Propylene Diene Monomer 

FEP     Fluorinated Ethylene Propylene 

ETFE     Ethylene Tetrafluoro Ethylene 

PVDF     Polyvinylidene Fluoride 

TPE     Thermoplastic Elastomer 

DEHP     Di-2-ethylhexyl Phthalate 

DOP     Dioctyl Phthalate 

LOI     Oxygen Index 

TGA     Thermogravimetric Analysis 

DTG     Differential Thermogravimetry 

 

 

 



   
 

 
 

ACKNOWLEDGEMENT 

I Would like to greatly acknowledge various people who have been supported to this 

research work. First of all, I would like to thank my supervisors Dr. D.A.S. 

Amarasinghe, Dr. Dinesh Attigalle, Mr. V.S.C. Weragoda for the useful comments, 

remarks and guidance through the learning process of this master thesis. 

Furthermore, I would like to thank the research committee, Prof. Sudath 

Kalingamudali and the research codinator Mr. V.shivahar for reviewing the research 

as well for the support given. Also, I greatly appreciate the assistance that I received 

from the staff of Department of Materials Science and Engineering. This includes Mr. 

M.A.P.C. Gunawardhana, Mr. R.R.P. Perera, and Mr. M.T.M.R. Jayaweera.  

Further, the financial support given by university research grants SRC/ST/2017/27 and 

SRC/LT/2018/04 is greatly acknowledged. 

I owe an enormous debt of gratitude to my family and my loved ones, who have 

supported me 

throughout the entire process. My heartfelt gratitude to my loving friends Roshan 

Dodampola, Harshana Helaruwan, Lumbini Ramasinghe, Asiri Kulathunga, Ashen 

Anuradha, Thisara Sandaruwan and Amali Dahanayake for their endless support and 

encouragement. This research work would not have been possible without their 

support and inspiration. 

D.P. Egodage 

  


