
 

INVESTIGATION ON THE SYNERGETIC 

EFFECT BETWEEN HALIDE IONS AND 

INTERNAL CORROSION INHIBITOR FOR HCl 

ACID AND SIMULATED NaCl SEA WATER  

 
 
 
 
 
 
 

NUR ALIN BINTI MOHD AZHARI 
 
 
 
 
 

 
 

       UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
 

 



 

 

INVESTIGATION ON THE SYNERGETIC EFFECT 

BETWEEN HALIDE IONS AND INTERNAL CORROSION 

INHIBITOR FOR HCl ACID AND SIMULATED NaCl SEA 

WATER 

 

 

 

 

NUR ALIN BINTI MOHD AZHARI 

 

 

 

Thesis submitted in fulfillment of the requirements  

for the award of the degree of  

Bachelor of Applied Science (Honor) Material Technology 

 

 

Faculty of Industrial Sciences & Technology 

UNIVERSITI MALAYSIA PAHANG 

 

 

DECEMBER 2016 



iii 
 

SUPERVISORS’ DECLARATION 
 

I hereby declare that I have checked the thesis and in my opinion, this thesis is 

adequate in terms of scope and quality for the award of the degree of Bachelor of 

Applied Science (Honor) Material Technology. 

 

 

 

Signature    

Name of Supervisor  : DR. RASIDI ROSLAN  

Position   : SENIOR LECTURER 

Date    :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



iv 
 

STUDENT’S DECLARATION 
 

I hereby declare that the work in this thesis is my own except for quotations and 

summaries which have been duly acknowledged. The thesis has not been accepted for 

any degree and is not concurrently submitted for award of other degree. 

 

 

 

Signature : 

Name  : NUR ALIN  BINTI MOHD AZHARI  

ID Number : SC13032 

Date  :   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



v 
 

DEDICATION 

 

 

I want to dedicate my desertation work to my family and friend. Thank you to 

my lovely parents, Mohd Azhari Abdullah and Roslaily Ramly for the non-stop support 

and advice for me to complete this thesis. Not to forget my siblings that always support 

when im needed.  

I also want to express appreciation to my friend that always support me and 

always there when I need help throughout this 3years together. I appreciate all your 

action especially my fyp-mate Noor Aina Suhaila and Ashmal Shahira as well as all my 

classmate. Your love and support make me always believe that I can survive this 4years 

degree life together. The struggle is real, friend! Thank you.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

ACKNOWLEDGEMENTS 
 

 

I would like to express my sense of gratitude, love and respect to my supervisor, 
Dr. Rasidi Roslan for his helpful guidance, patience and constant consultation. I would 
not have completed the research work without his support and encouragement. Thank 
you because always believe that I can finished this research work excellently.  

 
I also like to use this convience to direct my thanks to all lecturers, officers and 

technical staff in FIST Laboratory especialy En Halim , for their help during process in 
completing this research work. 
 

Special thanks to my roommate , Nurnajat Nadira, Fauziah, Nur Nadzirah and 
Nur Nazihah for helping me by giving coorperation if I stay late night, asking to correct 
my thesis format and give moral support when I feeling down and finally cried along 
completing this fyp journey.  
 

Last but not least, to my fiancé for always understand and give me motivation so 
that i can finally complete my final year project successfully. 
 

 

  



ix 
 

TABLE OF CONTENTS 

 

Page 

 ii  

SUPERVISORS’ DECLARATION iii  

STUDENT’S DECLARATION iv 

DEDICATION  v 

ACKNOWLEDGEMENTS vi 

ABSTRACT   vii  

ABSTRAK   viii  

TABLE OF CONTENTS ix 

LIST OF TABLES ix 

LIST OF FIGURES xii  

LIST OF SYMBOLS xiii  

LIST OF ABBREVIATIONS xiv 

CHAPTER 1   3 

INTRODUCTION 3 

1.1 BACKGROUND OF RESEARCH 3 

1.2 PROBLEM STATEMENT 4 

1.3 OBJECTIVES OF RESEARCH 5 

1.4 STATEMENT OF CONTRIBUTION 5 

CHAPTER 2    LITERATURE REVIEW 6 

2.1 CORROSION INHIBITOR 6 

2.1.1 Types of corrosion inhibitor 6 

2.1.2 Application of corrosion inhibitor 9 

2.2 SYNERGESTIC EFFECT OF HALIDE IONS 10 

2.3 CORROSION TESTING 10 

2.4 COIL TUBING 11 

CHAPTER 3   MATERIALS AND METHODS 13 

3.1 INTRODUCTION 13 

3.2 MATERIALS 13 

3.3 RESEARCH METHODOLOGY 13 



x 
 

3.4 MATERIAL CHARACTERIZATIONS 16 

3.4.1         FTIR 16 

3.4.2 Viscosity 16 

3.5 WEIGHT LOSS TEST (immersion testing) 17 

CHAPTER 4   RESULT AND DISCUSSION 19 

4.1 CHARACTERIZATION OF iCI 19 

4.1.1 FTIR  Analysis 19 

4.1.2 Viscosity 19 

4.2 WEIGHT LOSS TEST 20 

CHAPTER 5   CONCLUSION AND RECOMMENDATION 23 

5.1 CONCLUSION 23 

5.2 RECOMMENDATIONS 23 

 

REFERENCE   24 

 

 
  



xi 
 

LIST OF TABLES 
 

 

Table 4.1: Corrosion rate of low carbon steel without iCI  in 3 different solution for 42 

hours…………………………………………………………………………20 

Table 4.2: Corrosion rate of low carbon steel without iC in 3 different solution for 144 

hours.........................................................................................................................20 

Table 4.3: Corrosion rate of low carbon steel coated with iCI in 3 different solution for 

42 hours …………………………………………………………………………...20 

Table 4.4: Corrosion rate of low carbon steel coated with iCI in 3 different solution for 

144  hours…………………………………………………………………………..21 

Table 4.5: Corrosion rate of low carbon steel coated with iCI in 3 different solution for 

42 hours…………………………………………………………………………….21 

Table 4.6: Corrosion rate of low carbon steel coated with iCI in 3 different solution for 

144  hours…………………………………………………………………………..21  

Table 4.7: Inhibition efficiency of iCI without KI in HCl and NaCl for 42 hours…22 

Table 4.8: Inhibition efficiency of iCI without KI in HCl and NaCl for 144 hours..22 

table 4.9 : Inhibition efficiency of iCI with KI in HCl and NaCl for 42 hours……..22  

Table 4.10: Inhibition efficiency of iCI with KI in HCl and NaCl for 144hours…..22 

 

 

 

 

 

 

  



xii 
 

 

LIST OF FIGURES 
 

Figure 2.1: Illustration of ASTM G31 corrosion testing coupon  

analysis……………………………………………………………………………...11 

Figure 2.2: Illustration of coiled 

tubing………………………………………………………………………………..12 

Figure 3.1: Low carbon steel before 

cleaning……………………………………………..................................................14 

Figure 3.2: Low carbon steel after abraded with 400,800 and 1200 grit silicon 

carbide paper respectively…………………………………………………………..14 

Figure 3.3: Low carbon steel immersed in HCl for 1 hour and 30 

minutes………………..14 

Figure 3.4: Set-up of carbon steel immersed in water, HCl and NaCl solution for 

42 hours and 144 

hours…………………………………………………………………………………15 

Figure 3.5: Low carbon steel coated with iCI and let dry for 15 

hour……………………..............................................................................................16 

Figure 4.1: FTIR spectra of 

iCI………………………………………………………………………………….....18 

Figure 4.2: Brookfield viscometer for viscosity 

testing………………………………………………………………………………...19 

  



xiii 
 

 
 

LIST OF SYMBOLS 
 

~   - approximately 

%   - percent 

λ   - wavelength 

µ   - micron (10-6) 
oC   - degree celcius 

g   - grams 

h   - hour 

t   - time 

in   - inch 

ft   - feet 

mL   - milliliter 

cm-1   - reciprocal centimeters 

m2   - metre square 

cP   - centipouse 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 



xiv 
 

 
LIST OF ABBREVIATIONS 

 

 

CI   - corrosion inhibitor 

iCI   - internal corrosion inhibitor 

CT   - coil tubing 

KI   - potassium iodide 

ATR   - attenuated total refelection 

FTIR   - fourier transform infrared spectroscopy 

CR   - corrosion rate 

IE   - inhibition efficiency


