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7. ABSTRACT 

This study aims to analyse the effectivity of nickel-boron coating using the electroless 

method on A36 carbon steel’s corrosion rate. The analysis will be based on the result of 

the immersion test done on every specimen in alkaline, acidic, and salt environments. 

The alkaline environment will use potassium hydroxide (KOH) with a pH of 9 to 12. 

The acidic environment will use hydrochloric acid (HCl) on a pH of 3 to 6. Lastly, the 

salt environment will use sodium chloride (NaCl) in a concentration of 3%, 5%, 7%, and 

10%. The result shows that electroless nickel-boron plating successfully reduces the 

corrosion rate of carbon steel by 29.9% in the alkaline environment, 14.6% in the acidic 

environment, and 17.8% in the salt environment. 

Keywords: Electroless Nickel-Boron Coating, Carbon Steel, Corrosion Rate, Industrial 

Environment.  



7 
 

8. ACKNOWLEDGEMENT 

I would like to begin by expressing my deepest gratitude to the Almighty Gods, Allah SWT, 

for blessing me with the strength, knowledge, and wisdom for the author to complete the 

thesis entitled “Effectivity of Nickel-Boron Plating Using Electroless Method to Reduce the 

Corrosion Rate of A36 Carbon Steel” smoothly, fulfilling the requirements for the Bachelor 

of Engineering degree from the Mechanical Engineering Study Program at President 

University.  

The author extends sincere appreciation to the following individuals and organizations for 

their invaluable contributions: 

1. Dr-Ing Erwin Parasian Sitompul, M.Eng., Dean of the Faculty of Engineering, 

President University, for providing guidance and leadership to the Mechanical 

Engineering Study Program.  

2. Dr. Lydia Anggraini, S.T. M.Eng, Head of the President University's Mechanical 

Engineering Study Program and Thesis Advisor, for her dedication in directing and 

mentoring students, including the author, to achieve excellence and competitiveness. 

3. The author’s parents, Tarmuji and Kustiana, to whom this thesis is dedicated. Their 

unconditional love, prayers, and support have been crucial for the author’s academic 

journey and personal growth. 

4. The author’s dear older sibling, one and only brother, Muhammad Denny Chrisna 

Pujangga who always supporting throughout the author’s hard yet growing journey. 

Thank you for always believing in my dreams and supporting them, no matter how 

unusual it is. The one person who always be there for his little sister and will never 

leave. 

5. The author's dearest best friends who always support me throughout my every 

journey, the ones who always know how much their support means to me. Those 

people who are away but their hug will never leave the author’s side, 3NG members: 

Cindy, Khaliza, Dewinta, Dyna, Fatia, Aisya, and Aulia. 

6. The author’s best comrades and friends who always give their best support, batch 

2021 of Mechanical Engineering President University. 

7. The community of Mechanical Engineering President University students, for 

sharing their academic journey.   



9 
 

9. TABLE OF CONTENT 

 

PANEL OF EXAMINER APPROVAL ................................................................................. 0 

STATEMENT OF ORIGINALITY ....................................................................................... 1 

THESIS APPROVAL ............................................................................................................ 2 

SCIENTIFIC PUBLIC APPROVAL FOR ACADEMIC INTEREST .................................. 3 

PLAGIARISM REPORT ....................................................................................................... 4 

GPT ZERO CHECK .............................................................................................................. 5 

ABSTRACT .......................................................................................................................... 6 

ACKNOWLEDGEMENT ..................................................................................................... 7 

TABLE OF CONTENT ......................................................................................................... 9 

LIST OF TABLES ............................................................................................................... 12 

LIST OF FIGURES ............................................................................................................. 13 

CHAPTER I  INTRODUCTION ........................................................................................ 18 

1.1 Background ........................................................................................................... 18 

1.2 Problem Identification .......................................................................................... 19 

1.3 Research Question ................................................................................................ 20 

1.4 Research Objectives .............................................................................................. 20 

1.5 Hypothesis ............................................................................................................ 20 

1.6 Project Scope and Limitation ................................................................................ 20 

1.7 Research Outline ................................................................................................... 21 

CHAPTER II  LITERATURE REVIEW ............................................................................ 23 

2.1 Steel and Its Classification .................................................................................... 23 

2.1.1 Effects of Alloying Elements in Steels .......................................................... 23 

2.1.2 Carbon Steel .................................................................................................. 25 

2.2 Corrosion .............................................................................................................. 26 

2.2.1 Factors of Corrosion ...................................................................................... 26 



10 
 

2.2.2 Forms of Corrosion ........................................................................................ 28 

2.2.3 Protective Coatings ........................................................................................ 30 

2.3 Electroless Plating ................................................................................................. 31 

2.3.1 Electroless Nickel Plating Types ................................................................... 31 

2.3.2 Basic Components of Electroless Nickel Plating Bath .................................. 32 

CHAPTER III RESEARCH METHODOLOGY ................................................................ 36 

3.1. Research Flowchart ............................................................................................... 36 

3.2. Materials and Equipment ...................................................................................... 37 

3.2.1 Materials ........................................................................................................ 37 

3.2.2 Equipment ...................................................................................................... 37 

3.3. Research Variable .................................................................................................. 38 

3.4. Research Plan ........................................................................................................ 38 

3.4.1. Specimen Material ......................................................................................... 38 

3.4.2. Immersion Test Plan ...................................................................................... 38 

3.5. Research Implementation ..................................................................................... 41 

3.5.1. Specimen Preparation .................................................................................... 41 

3.5.2. Surface Preparation........................................................................................ 42 

3.5.3. Electroless Nickel-Boron Plating .................................................................. 42 

3.5.4. Immersion Solution Preparation .................................................................... 44 

3.6. Testing Process...................................................................................................... 47 

CHAPTER IV  RESULT AND DISCUSSION ................................................................... 49 

4.1 Corrosion of Carbon Steel .................................................................................... 49 

4.1.1 Without EN-B Plating .................................................................................... 49 

4.1.2 With EN-B Plating ......................................................................................... 98 

4.1.3 Effectivity of EN-B Plating ......................................................................... 133 

CHAPTER V  CONCLUSION AND RECOMMENDATION ......................................... 137 

5.1 Conclusion .......................................................................................................... 137 



11 
 

5.2 Recommendation ................................................................................................ 137 

LIST OF REFERENCES ................................................................................................... 138 

 



12 
 

10. LIST OF TABLES 

Table 3.1 Chemical Composition of A36 Carbon Steel ....................................................... 38 

Table 3.2 Specimen List and Test Plan ................................................................................ 39 

Table 3.2 Specimen List and Test Plan (cont.) .................................................................... 40 

Table 3.2 Specimen List and Test Plan (cont.) .................................................................... 41 

Table 3.3 Chemical Composition of EN-B Bath Solution ................................................... 43 

Table 3.4 Immersion Solution Concentration (HCl and KOH) ........................................... 46 

Table 4.1 Result of Non-Coated Immersion Test Specimen in KOH .................................. 49 

Table 4.1 Result of Non-Coated Immersion Test Specimen in KOH (cont.) ...................... 50 

Table 4.2 Result of Non-Coated Immersion Test Specimen in HCl .................................... 65 

Table 4.3 Result of Non-Coated Immersion Test Specimen in NaCl .................................. 81 

Table 4.3 Result of Non-Coated Immersion Test Specimen in NaCl (cont.) ...................... 82 

Table 4.4 Result of Coated Immersion Test Specimen in KOH .......................................... 99 

Table 4.4 Result of Coated Immersion Test Specimen in KOH (cont.) ............................ 100 

Table 4.5 Result of Coated Immersion Test Specimen in HCl .......................................... 110 

Table 4.5 Result of Coated Immersion Test Specimen in HCl (cont.) .............................. 111 

Table 4.6 Result of Coated Immersion Test Specimen in NaCl ........................................ 121 

Table 4.6 Result of Coated Immersion Test Specimen in NaCl (cont.) ............................. 122 

  



13 
 

11. LIST OF FIGURES 

Figure 3.1 Research Flowchart ............................................................................................ 36 

Figure 3.2 A36 Carbon Steel ............................................................................................... 38 

Figure 3.3 Immersion Specimen Size .................................................................................. 42 

Figure 3.4 EN-B Plating Solution ....................................................................................... 43 

Figure 3.5 Non-Coated (Above) and Coated (Below) Specimen ........................................ 44 

Figure 3.6 pH Tester by Hanna Instrument ......................................................................... 45 

Figure 3.7 Immersion Test Solutions ................................................................................... 47 

Figure 3.8 Immersion Testing Implementation Plan ........................................................... 47 

Figure 4.1 Graph of Weight Loss of Non-Coated Specimen Immersed in KOH ................ 51 

Figure 4.2 Graph of Corrosion Rate of Non-Coated Specimen Immersed in KOH ............ 52 

Figure 4.3 Q-Q Plot of Corrosion Rate for Solution pH 9 .................................................. 53 

Figure 4.4 Q-Q Plot of Corrosion Rate for Solution pH 10 ................................................ 53 

Figure 4.5 Q-Q Plot of Corrosion Rate for Solution pH 11................................................. 54 

Figure 4.6 Q-Q Plot of Corrosion Rate for Solution pH 12 ................................................ 54 

Figure 4.7 Specimen Immersed in KOH pH 11 at the End of the Test ............................... 55 

Figure 4.8 Specimen Immersed in KOH pH 12 at the End of the Test ............................... 55 

Figure 4.9 Immersion Test Progress of Specimen Number 99 ............................................ 56 

Figure 4.10 Immersion Test Progress of Specimen Number 99 (cont.) .............................. 56 

Figure 4.11 Result of Specimens Immersed in KOH pH 11 ............................................... 57 

Figure 4.12 Result of Specimens Immersed in KOH pH 12 ............................................... 57 

Figure 4.13 Specimen Immersed in KOH pH 9 at the End of the Test ............................... 58 

Figure 4.14 Specimen Immersed in KOH pH 10 at the End of the Test ............................. 58 

Figure 4.15 Immersion Test Progress of Specimen Number 1 ............................................ 59 

Figure 4.16 Immersion Test Progress of Specimen Number 2 ............................................ 60 

Figure 4.17 Immersion Test Progress of Specimen Number 73 .......................................... 60 

Figure 4.18 Immersion Test Progress of Specimen Number 74 .......................................... 61 

Figure 4.19 Immersion Test Progress of Specimen Number 145 ........................................ 61 

Figure 4.20 Immersion Test Progress of Specimen Number 145 (cont.) ............................ 62 

Figure 4.21 Immersion Test Progress of Specimen Number 146 ........................................ 62 

Figure 4.22 Immersion Test Progress of Specimen Number 146 (cont.) ............................ 62 

Figure 4.23 Localized Corrosion on Specimen Number 25 and 26 .................................... 63 

Figure 4.24 Result of Specimens Immersed in KOH pH 9 ................................................. 63 



14 
 

Figure 4.25 Result of Specimens Immersed in KOH pH 10 ............................................... 64 

Figure 4.26 Graph of Weight Loss of Non-Coated Specimen Immersed in HCl ................ 66 

Figure 4.27 Graph of Corrosion Rate of Non-Coated Specimen Immersed in HCl ............ 67 

Figure 4.28 Q-Q Plot of Corrosion Rate for Solution pH 3 ................................................ 68 

Figure 4.29 Q-Q Plot of Corrosion Rate for Solution pH 4 ................................................ 68 

Figure 4.30 Q-Q Plot of Corrosion Rate for Solution pH 5 ................................................ 69 

Figure 4.31 Q-Q Plot of Corrosion Rate for Solution pH 6 ................................................ 69 

Figure 4.32 Specimen Immersed in HCl pH 3 at the End of the Test ................................. 70 

Figure 4.33 Specimen Immersed in HCl pH 4 at the End of the Test ................................. 70 

Figure 4.34 Specimen Immersed in HCl pH 5 at the End of the Test ................................. 71 

Figure 4.35 Specimen Immersed in HCl pH 6 at the End of the Test ................................. 72 

Figure 4.36 Immersion Test Progress of Specimen Number 77 .......................................... 72 

Figure 4.37 Immersion Test Progress of Specimen Number 78 .......................................... 73 

Figure 4.38 Immersion Test Progress of Specimen Number 79 .......................................... 73 

Figure 4.39 Immersion Test Progress of Specimen Number 80 .......................................... 74 

Figure 4.40 Immersion Test Progress of Specimen Number 149 ........................................ 74 

Figure 4.41 Immersion Test Progress of Specimen Number 149 (cont.) ............................ 75 

Figure 4.42 Immersion Test Progress of Specimen Number 150 ........................................ 75 

Figure 4.43 Immersion Test Progress of Specimen Number 150 (cont.) ............................ 76 

Figure 4.44 Immersion Test Progress of Specimen Number 151 ........................................ 76 

Figure 4.45 Immersion Test Progress of Specimen Number 151 (cont.) ............................ 76 

Figure 4.46 Immersion Test Progress of Specimen Number 152 ........................................ 77 

Figure 4.47 Immersion Test Progress of Specimen Number 152 (cont.) ............................ 77 

Figure 4.48 Immersion Test Progress of Specimen Number 126 ........................................ 78 

Figure 4.49 Immersion Test Progress of Specimen Number 126 (cont.) ............................ 78 

Figure 4.50 Result of Specimens Immersed in HCl pH 3 ................................................... 79 

Figure 4.51 Result of Specimens Immersed in HCl pH 4 ................................................... 80 

Figure 4.52 Result of Specimens Immersed in HCl pH 5 ................................................... 80 

Figure 4.53 Result of Specimens Immersed in HCl pH 6 ................................................... 81 

Figure 4.54 Graph of Weight Loss of Non-Coated Specimen Immersed in NaCl .............. 83 

Figure 4.55 Graph of Corrosion Rate of Non-Coated Specimen Immersed in NaCl .......... 84 

Figure 4.56 Q-Q Plot of Corrosion Rate for Solution 3% ................................................... 85 

Figure 4.57 Q-Q Plot of Corrosion Rate for Solution 5% ................................................... 85 

Figure 4.58 Q-Q Plot of Corrosion Rate for Solution 7% ................................................... 86 



15 
 

Figure 4.59 Q-Q Plot of Corrosion Rate for Solution 10% ................................................. 86 

Figure 4.60 Immersion Test Progress of Specimen Number 57 .......................................... 87 

Figure 4.61 Immersion Test Progress of Specimen Number 58 .......................................... 87 

Figure 4.62 Immersion Test Progress of Specimen Number 59 .......................................... 88 

Figure 4.63 Immersion Test Progress of Specimen Number 60 .......................................... 88 

Figure 4.64 Immersion Test Progress of Specimen Number 129 ........................................ 89 

Figure 4.65 Immersion Test Progress of Specimen Number 129 (cont.) ............................ 89 

Figure 4.66 Immersion Test Progress of Specimen Number 130 ........................................ 89 

Figure 4.67 Immersion Test Progress of Specimen Number 130 (cont.) ............................ 90 

Figure 4.68 Immersion Test Progress of Specimen Number 131 ........................................ 90 

Figure 4.69 Immersion Test Progress of Specimen Number 131 (cont.) ............................ 90 

Figure 4.70 Immersion Test Progress of Specimen Number 132 ........................................ 91 

Figure 4.71 Immersion Test Progress of Specimen Number 132 (cont.) ............................ 91 

Figure 4.72 Immersion Test Progress of Specimen Number 153 ........................................ 92 

Figure 4.73 Immersion Test Progress of Specimen Number 153 (cont.) ............................ 92 

Figure 4.74 Immersion Test Progress of Specimen Number 154 ........................................ 93 

Figure 4.75 Immersion Test Progress of Specimen Number 154 (cont.) ............................ 93 

Figure 4.76 Immersion Test Progress of Specimen Number 155 ........................................ 93 

Figure 4.77 Immersion Test Progress of Specimen Number 155 (cont.) ............................ 93 

Figure 4.78 Immersion Test Progress of Specimen Number 156 ........................................ 94 

Figure 4.79 Immersion Test Progress of Specimen Number 156 ........................................ 94 

Figure 4.80 Result of Specimens Immersed in NaCl 3% .................................................... 95 

Figure 4.81 Result of Specimens Immersed in NaCl 5% .................................................... 95 

Figure 4.82 Result of Specimens Immersed in NaCl 7% .................................................... 96 

Figure 4.83 Result of Specimens Immersed in NaCl 10% .................................................. 96 

Figure 4.84 Graph of Comparison of Non-Coated Specimens Weight Loss ....................... 97 

Figure 4.85 Graph of Comparison of Non-Coated Specimens Corrosion Rate .................. 98 

Figure 4.86 Weight Loss of Coated Specimen Immersed in KOH .................................... 101 

Figure 4.87 Graph of Corrosion Rate of Coated Specimen Immersed in KOH ................ 101 

Figure 4.88 Q-Q Plot of Corrosion Rate for Solution pH 9 .............................................. 102 

Figure 4.89 Q-Q Plot of Corrosion Rate for Solution pH 10 ............................................ 102 

Figure 4.90 Q-Q Plot of Corrosion Rate for Solution pH 11............................................. 103 

Figure 4.91 Q-Q Plot of Corrosion Rate for Solution pH 12 ............................................ 103 

Figure 4.92 Coated Specimen Immersed in KOH pH 9 at the End of the Test ................. 104 



16 
 

Figure 4.93 Coated Specimen Immersed in KOH pH 10 at the End of the Test ............... 104 

Figure 4.94 Coated Specimen Immersed in KOH pH 11 at the End of the Test ............... 105 

Figure 4.95 Coated Specimen Immersed in KOH pH 12 at the End of the Test ............... 105 

Figure 4.96 Immersion Test Progress of Specimen Number 109 ...................................... 106 

Figure 4.97 Immersion Test Progress of Specimen Number 110 ...................................... 106 

Figure 4.98 Immersion Test Progress of Specimen Number 111 ...................................... 106 

Figure 4.99 Result of Coated Specimens Immersed in KOH pH 9 ................................... 107 

Figure 4.100 Result of Coated Specimens Immersed in KOH pH 10 ............................... 108 

Figure 4.101 Result of Coated Specimens Immersed in KOH pH 11 ............................... 108 

Figure 4.102 Result of Coated Specimens Immersed in KOH pH 12 ............................... 109 

Figure 4.103 Graph of Weight Loss of Coated Specimen Immersed in HCl .................... 112 

Figure 4.104 Graph of Corrosion Rate of Coated Specimen Immersed in HCl ................ 112 

Figure 4.105 Q-Q Plot of Corrosion Rate for Solution pH 3 ............................................ 113 

Figure 4.106 Q-Q Plot of Corrosion Rate for Solution pH 4 ............................................ 113 

Figure 4.107 Q-Q Plot of Corrosion Rate for Solution pH 5 ............................................ 114 

Figure 4.108 Q-Q Plot of Corrosion Rate for Solution pH 6 ............................................ 114 

Figure 4.109 Coated Specimen Immersed in HCl pH 3 at the End of the Test ................. 115 

Figure 4.110 Coated Specimen Immersed in HCl pH 4 at the End of the Test ................. 115 

Figure 4.111 Coated Specimen Immersed in HCl pH 5 at the End of the Test ................. 116 

Figure 4.112 Coated Specimen Immersed in HCl pH 6 at the End of the Test ................. 116 

Figure 4.113 Immersion Test Progress of Specimen Number 137 .................................... 117 

Figure 4.114 Immersion Test Progress of Specimen Number 137 (cont.) ........................ 117 

Figure 4.115 Immersion Test Progress of Specimen Number 138 .................................... 118 

Figure 4.116 Immersion Test Progress of Specimen Number 138 .................................... 118 

Figure 4.117 Result of Coated Specimens Immersed in HCl pH 3 ................................... 119 

Figure 4.118 Result of Coated Specimens Immersed in HCl pH 4 ................................... 119 

Figure 4.119 Result of Coated Specimens Immersed in HCl pH 5 ................................... 120 

Figure 4.120 Result of Coated Specimens Immersed in HCl pH 6 ................................... 120 

Figure 4.121 Graph of Weight Loss of Coated Specimen Immersed in NaCl .................. 123 

Figure 4.122 Graph of Corrosion Rate of Coated Specimen Immersed in NaCl .............. 124 

Figure 4.123 Q-Q Plot of Corrosion Rate for Solution 3% ............................................... 124 

Figure 4.124 Q-Q Plot of Corrosion Rate for Solution 5% ............................................... 125 

Figure 4.125 Q-Q Plot of Corrosion Rate for Solution 7% ............................................... 125 

Figure 4.126 Q-Q Plot of Corrosion Rate for Solution 10% ............................................. 126 



17 
 

Figure 4.127 Coated Specimen Immersed in NaCl 3% Concentration at the End of the Test

 ........................................................................................................................................... 126 

Figure 4.128 Coated Specimen Immersed in NaCl 5% Concentration at the End of the Test

 ........................................................................................................................................... 127 

Figure 4.129 Coated Specimen Immersed in NaCl 7% Concentration at the End of the Test

 ........................................................................................................................................... 127 

Figure 4.130 Coated Specimen Immersed in NaCl 10% Concentration at the End of the 

Test ..................................................................................................................................... 128 

Figure 4.131 Immersion Test Progress of Specimen Number 165 .................................... 129 

Figure 4.132 Immersion Test Progress of Specimen Number 165 (cont.) ........................ 129 

Figure 4.133 Immersion Test Progress of Specimen Number 146 .................................... 129 

Figure 4.134 Immersion Test Progress of Specimen Number 146 (cont.) ........................ 129 

Figure 4.135 Result of Coated Specimens Immersed in NaCl Concentration 3% ............ 130 

Figure 4.136 Result of Coated Specimens Immersed in NaCl Concentration 5% ............ 130 

Figure 4.137 Result of Coated Specimens Immersed in NaCl Concentration 7% ............ 131 

Figure 4.138 Result of Coated Specimens Immersed in NaCl Concentration 10% .......... 131 

Figure 4.139 Graph of Comparison of Coated Specimens Weight Loss ........................... 132 

Figure 4.140 Graph of Comparison of Coated Specimens Corrosion Rate ...................... 133 

Figure 4.141 Corrosion Rate Comparison of Coated and Non-Coated Specimen Immersed 

in KOH .............................................................................................................................. 133 

Figure 4.142 Corrosion Rate Comparison of Coated and Non-Coated Specimen Immersed 

in HCl ................................................................................................................................ 134 

Figure 4.143 Corrosion Rate Comparison of Coated and Non-Coated Specimen Immersed 

in NaCl ............................................................................................................................... 135 


