
Universiti 
Malaysia 
PAHANG 

SUPERVISOR'S DECLARATION 

We hereby declare that we have checked this thesis and in our opinion, this thesis is 

adequate in terms of scope and quality for the award of the degree of Master of Science. 

(Supervisor's Signature) 

Full Name : f.\~ z.UL. J1£{..tfl I f'DrtArJ 

Position 

Date 

: J6NI0ft LeC..:tOA.Gft. 

: If (3/>0(9 

(Co-supervisor's Signature) 

Full Name A f2.-rf\..f>.<;N ~IN fi)\";Qu LL4tr1 

Position ~ <c:: N I 0 tZ._ L8c_ "')V...(\(._L..~ • 

Date 0 tf/D3(:?o1 Oj 



Universiti 
Malaysia 
PAHANG 

STUDENT'S DECLARATION 

I hereby declare that the work in this thesis is based on my original work except for 

quotations and citations which have been duly acknowledged. I also declare that it has 

not been previously or concurrently submitted for any other degree at Universiti Malaysia 

Pahang or any other institutions. 

(Student's Signature) 

Full Name : ENGKU NORF ATIMA BINTI ENGKU DAHALAN 

ID Number : MKC15039 

Date : q/; / (ll. 



ENHANCE FORMULATION OF ORGANIC COATING FOR BARRIER 
PROTECTION OF MILD STEEL UPON CORROSIVE ENVIRONMENT 

ENGKU NORF ATIMA BINTI ENGKU DAHALAN 

Thesis submitted in fulfilment ofthe requirements 

for the award of the degree of 

Master of Science 

Faculty of Chemical and Natural Resources Engineering 

UNIVERSITI MALAYSIA PAHANG 

FEBRUARY 2019 

PERPUSTAKAAN Gv-
UN!VERSITI MALAYSIA PAHANG 
r-----------~-----------~ 
No. Perolehan No. Panggilan 

127327 
Tarikh 

J 7 APR 2019 

~KKSl\: 

, N"-=t 
~G( q 
v 

1he'.rs 



This page is entirely dedicated to ... 

. . . my lovely mother and father (Endon Binti Muda and Engku Dahalan Bin Engku 
/tam), family and friends who have always been at my side and given me the 
encouragement and support that carries me through my study. Thanks for their never­
ending love, support and care to me ... 

(May ALLAH S.W.T. always be with all ofyou) 

ii 



ACKNOWLEDGEMENTS 

In the Name of Allah, the Most Merciful, the Most Compassionate, Peace and 
Blessings be upon His Beloved Prophet. 

I am making uncounted praises to my Allah the Almighty who has guided me to 
remember Him at this time. I praised Him, for it is Him who made this master study 
possible. Nothing is possible unless He made it possible. 

I would like to express my special appreciation and thanks to my supervisor, Dr Azizul 
Helmi Bin Sofian. You have been a brilliant mentor for me. I would like to thank you for 
your never-ending support during my tenure as a research student under your guidance, 
for giving insightful comments and suggestions of which without it, my research path 
would be a difficult one. Your advice on my research has been valuable. My fullest 
appreciation goes as well to my co-supervisor, Ir. Dr Arman Bin Abdullah for his idea 
and support from the beginning till the end of my research. 

My sincere thanks also go to Chemical Engineering's Lab, Faculty of Chemical and 
Natural Resources Engineering, Universiti Malaysia Pahang because give me the 
opportunity for access and using the laboratory and research facilities. Without the 
facilities support, it would not be possible to conduct this research. I would also like to 
express my gratitude to Universiti Malaysia Pahang, which granted me the financial 
assistance under the RACE grant RDU 14 03141, RDU 151308, RDU 150386 and UMP 
Postgraduate Research Grant Scheme PGRS160375. 

I would also like to thank all of my friends who supported me during experimental work 
and writing and motivate me to strive towards my goal. I am sincerely grateful to the 
staffs of Chemical Engineering and Natural Resources Faculty who helped me in many 
ways and made my stay in UMP pleasant and unforgettable. 

Special thanks to my family. Words cannot express how grateful I am to my mother, 
father and siblings for the love and support throughout these years. Your prayer for me 
was what sustained me thus far. I would like express appreciation to my beloved friends 
who always be my support in the moments when there was no one to answer my queries 
and for all the sacrifices you have made on my behalf. 

iii 



ABSTRAK 

Isu kakisan telah ditandai denganjelas dalam sains moden sebagai salah satu faktor yang 
boleh menyebabkan peningkatan kos ekonomi, ketinggalan teknologi dan kelemahan 
dalam struktur bangunan. Kandungan pigmen (PVC) yang tinggi dalam penyalut organik 
menawarkan perlindungan katodik yang lebih baik dengan mengorbankan pigmen 
aktifnya untuk membentuk "perlindungan secara halangan" untuk melindungi keluli 
daripada berkarat. Walau bagaimanapun, teknik ini didatangi dengan beberapa masalah 
seperti masalah lekatan kerana kandungan pengikat yang rendah, sifat mekanikal yang 
lemah dan lapisan penyalut yang berliang yang membolehkan unsur menghakis berlaku 
dengan cara menembusi lapisan penyalut, seterusnya menghakis keluli. Abu cerobong 
diperkenalkan sebagai pengisi baru dalam kajian ini untuk menggantikan kaolin dalam 
penyalut kerana kandungan alumina dan silika yang tinggi berbanding dengan kaolin. 
Objektif kajian ini adalah untuk membandingkan penyalut organik yang diolah (kaolin 
sebagai pengisi) dengan semburan komersil (faktor kakisan 60) dan untuk mengkaji 
keberkesanan parameter yang mempengaruhi kelakuan kakisan dengan menggunakan 
kaedah "One Factor at Time" (OF AT). Perlindungan yang ditawarkan dibandingkan 
dengan penyalut organik (kaolin) dan penyembur komersial. Parameter yang digunakan 
dalam kaedah OFAT adalah PVC, kepekatan abu cerobong dan lapisan penyalut. 
Pemerhatian lekatan digunakan untuk menguji kejayaan dan keberkesanan perumusan 
penyalut. Tingkah laku kakisan penyalut dikaji dengan menggunakan pengukuran 
elektrokimia dan ujian rendaman. Manakala, "Pengimbasan Mikroskop Elektron" (SEM) 
dan "Analisis Gravimetrik Termal" (TGA) telah digunakan dalam kajian morfologi 
permukaan dan kelakuan haba penyalut. Respon dari pemeriksaan menunjukkan 
persamaan regresi berganda linear dan memperoleh korelasi (R2 = 0.93) antara data 
percubaan dan data model. Analisis varians (ANOV A) menunjukkan bahawa model itu 
penting (P-nilai 0.0026) bagi jumlah rintangan kakisan. Dari penyiasatan OF AT ke atas 
penyalut organik dengan abu cerobong sebagai pengisi, PVC rendah mempunyai 
perlindungan halangan yang baik berbanding dengan perlindungan galvanik dari PVC 
tinggi. Penambahan abu cerobong dalam penyalut mengubah sifat penyalut dari 
perlindungan halangan ke sifat perlindungan katodik pada PVC rendah. Oleh itu, PVC 
rendah dengan kandungan abu cerobong yang tinggi (sampel FA40) menunjukkan 
rumusan terbaik penyalut zink epoksi dengan ketahanan polarisasi 7 .43E+09 n dan kadar 
kakisan 2.17E-03 Jlrnltahun. Keseluruhannya, kajian ini menunjukkan bahawa penyalut 
organik (kaolin) yang dirumus mempunyai perlindungan halangan, manakala penyembur 
komersial mempunyai perlindungan galvanik yang baik. Berdasarkan hasil yang 
diperoleh daripada analisis OF AT, PVC didapati memainkan peranan penting dalam 
perilaku kakisan berbanding parameter lain. Manakala, hasil daripada pengukuran TGA 
memberikan keterangan bahawa ketahanan unggul boleh ditawarkan oleh abu cerobong. 
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ABSTRACT 

Corrosion issues have been clearly marked in modem sciences as one of the factors that 
can trigger economic costs, technological delays as well as structural failures. The high 
content of pigment volume concentration (PVC) in organic coating offered better 
cathodic protection by sacrificed its active pigment to form a barrier protection to protect 
the steel from corroded. However, this technique came with several problems such as 
adhesion problem due to the low content of the binder, poor mechanical properties and a 
porous film which allowed the corrosive element to penetrate the coating layer thus, 
corroding the steel. Fly ash was introduced as new filler in this research to replaced kaolin 
in the coating due to the high content of alumina and silica compared to kaolin. The 
objectives of this research include comparing the formulated organic coating (kaolin as 
filler) with the commercial spray (corrosion factor 60) and to study the effectiveness of 
the parameters that influence the corrosion behaviour by using One Factor at Time 
(OF AT) method. The protection offered was compared among the formulated organic 
coatings (kaolin) and commercial spray. The parameters used in the OF AT method are 
PVC, the concentration of fly ash and the layers of the coatings. The adhesion observation 
was used to test the success and effectiveness of the coating formulation. The corrosion 
behaviour of the coating was studied by using electrochemical measurements and 
immersion test. Likewise, Scanning Electron Microscopy (SEM) and Thermal 
Gravimetric Analysis (TGA) were used in the study of the surface morphology and 
thermal behaviour of the coating. The responses from screening were fitted with a 
multiple linear regression equation and obtained a correlation (R2 = 0.93) between the 
experimental data and model data. Analysis of variance (ANOV A) showed that the model 
is significant (P-value of 0.0026) for the total corrosion resistance. From the OF AT 
investigation on the organic coating with fly ash as filler, the low PVC had a good barrier 
protection compared to galvanic protection from high PVC. The addition of fly ash in the 
coating changed the properties of the coating from barrier to cathodic properties at low 
PVC. Therefore, the low PVC with a high content offly ash (sample FA40) showed the 
best formulation of epoxy zinc coating with polarization resistance of 7.43E+9 nand 
corrosion rates of2.17E-03 J.Lrnlyr. Overall, this study showed that the formulated organic 
coating (kaolin) possesses a barrier protection, whereas the commercial spray has good 
galvanic protection. Based on the result obtained from the OF AT analysis, it was found 
that the PVC plays an important role in corrosion behaviour compared to other 
parameters. On the other hand, the results from TGA measurement provided evidence 
that superior endurance can be offered by the fly ash. 

v 



TABLE OF CONTENT 

DECLARATION 

TITLE PAGE 

ACKNOWLEDGEMENTS 

ABSTRAK 

ABSTRACT 

TABLE OF CONTENT 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF SYMBOLS 

LIST OF ABBREVIATIONS 

CHAPTER 1 INTRODUCTION 

1.1 Background of Study 

1.2 Motivation and Problem Statement 

1.3 Objective 

1.4 Scopes 

1.5 Thesis Overview 

CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction to Corrosion 

2.1.1 Steel Corrosion Problem 

2.1.2 Chemistry of Corrosion 

2.2 Protection Techniques from Corrosion 

vi 

iii 

iv 

v 

vi 

X 

xii 

XV 

xvi 

1 

1 

3 

5 

5 

6 

7 

7 

9 

10 

11 



2.2.1 Introduction 

2.2.2 Removal of Oxidizing Agent 

2.2.3 Prevention of Surface Reaction 

2.2.4 Inhibition of Surface Reaction 

2.2.5 Protective Coatings 

2.2.6 Modification of Surface Conditions 

2.2.7 Modification of Metal 

2.3 Organic Coating 

2.3.1 Introduction 

2.3.2 Market Trends for Industrial Coating 

2.3.3 Formulation of Organic Coating 

2.3.4 Zinc Corrosion Products as a Protector of Steel's Corrosion 

2.3.5 Mechanism of Wet Corrosion 

2.3.6 Fly Ash as Extender Pigments in the Organic Coating 

2.4 Electrochemical Measurements 

2.4.1 Polarization Measurement 

2.4.2 Electrochemical Impedance Spectroscopy Measurement 

2.5 One Factor at a Time (OF AT) Method 

2.6 Analysis ofVariance (ANOVA) 

2.7 Highlight from the Literature 

CHAPTER 3 METHODOLOGY 

3.1 

3.2 

3.3 

3.4 

Introduction 

Chemicals and Materials 

Pre-treatment ofthe Metallic Substrate 

Pre-treatment of Fly Ash 

vii 

11 

13 

13 

14 

14 

15 

16 

16 

16 

17 

18 

26 

28 

32 

34 

35 

36 

37 

38 

38 

40 

40 

40 

41 

43 



3.5 Preparation of Epoxy Zinc Coating 

3.6 Formulation of Organic Coating 

3.7 Painting and Spraying Techniques 

3.8 Immersion in NaCl Solution 

3.9 Electrochemical Polarization Measurements 

3.10 Electrochemical Impedance Spectroscopy (EIS) 

3.11 Surface Morphology by Scanning Electron Microscope (SEM) 

3.12 Thermal Gravimetric Analysis (TGA) 

3.13 One Factor at a Time (OF AT) Method 

3.14 Analysis ofVariance (ANOVA) Analysis 

3.15 Process flow diagram 

CHAPTER 4 RESULTS AND DISCUSSION 

4.1 

4.2 

Introduction 

Formulation of Protective Organic Coating with Kaolin as Filler 

4.2.1 Adhesion of the Formulated Organic Coating (Kaolin) 

4.2.2 DC Polarization Resistance Measurement of Formulated Organic 

Coating (Kaolin) 

4.2.3 Scanning Electron Microscopy (SEM) 

44 

44 

46 

46 

47 

47 

48 

49 

49 

49 

50 

52 

52 

52 

52 

53 

57 

4.2.4 Thermal Gravimetric Analysis (TGA) ofKaolin and Fly Ash 61 

4.3 The effectiveness of Protective Organic Coating using One Factor at a Time 

(OFAT) Method 63 

4.3.1 Effect of Pigment Volume Concentration (PVC) on the Coating 

Performance 63 

4.3.2 Effect of the Fly Ash Concentration on the Coating Performance 77 

4.3.3 Effect of the Coating's Layer on the Coating Performance 90 

4.3.4 Statistical Analysis 97 

viii 



CHAPTER 5 CONCLUSION 100 

5.1 Conclusions 100 

5.2 Recommendation for Future Works 102 

REFERENCES 103 

APPENDIX A LIST OF PUBLICATION 120 

APPENDIX B (I) CALCULATION FOR FORMULATION (KAOLIN AS 
FILLER) 121 

APPENDIX B (II) CALCULATION FOR FORMULATION (FLY ASH AS 
FILLER) 123 

APPENDIX B (III) CALCULATION FOR POLARIZATION RESISTANCE 125 

APPENDIX B (IV) CALCULATION FOR CORROSION RATE 126 

APPENDIX C (V) DATA 127 

ix 



REFERENCES 

Abdallah, M., Helal, E. A., and Fouda, A. S. (2006). Aminopyrimidine derivatives as 
inhibitors for corrosion of 1018 carbon steel in nitric acid solution. Corrosion 
Science, 48: 1639-1654. 

Abdulsalam, M. I. (2005). Behaviour of crevice corrosion in iron. Corrosion Science, 
4 7(6): 1336-1351. 

Ahadi, M. M., and Attar, M. M. (2007). OCP Measurement : A Method to Measure 
CPVC. Spectroscopy, 14(4): 369-372. 

Ahmad, S. (2003). Reinforcement corrosion in concrete structures, its monitoring and 
service life prediction-a review. Cement and Concrete Composites, 25(4-5): 
459--471. 

Ahmad, S., Gupta, A. P., Sharmin, E., Alam, N., and Pandey S. K. (2005). Synthesis, 
characterization and development of high performance siloxane-modified epoxy 
paints. Progress in Organic Coatings, 54(3): 248-255. 

Ahmed, N. M. (2013). Comparative study on the role of kaolin, calcined kaolin and 
chemically treated kaolin in alkyd-based paints for protection of steel. Pigment & 
Resin Technology, 42(1): 3-14. 

Akbarinezhad, E., Bahremandi, M., Faridi, H. R., and Rezaei, F. (2009). Another 
approach for ranking and evaluating organic paint coatings via electrochemical 
impedance spectroscopy. Corrosion Science, 51 (2): 356-363. 

Al-Sabagh, A.M., Abdou, M. I., Migahed, M.A., Fadl, A.M., and El-Shahat, M. F. 
(20 17). Influence of surface modified nanoilmenite/amorphous silica composite 
particles on the thermal stability of cold galvanizing coating. Egyptian Journal of 
Petroleum, 27(1): 137-144. 

Anandhi, A., Palraj, S., Subramanian, G., and Selvaraj, M. (2016). Corrosion resistance 
and improved adhesion properties of propargyl alcohol impregnated mesoporous 
titanium dioxide built-in epoxy zinc rich primer. Progress in Organic Coatings, 
97: 10-18. 

Arianpouya, N., Shishesaz, M., Arianpouya, M., and Nematollahi, M. (2013). 
Evaluation of synergistic effect ofnanozinc/nanoclay additives on the corrosion 
performance of zinc-rich polyurethane nanocomposite coatings using 
electrochemical properties and salt spray testing. Surface and Coatings 
Technology, 216: 199-206. 

103 



Arizmendi-Morquecho, A., Cha.vez-Valdez, A., and Alvarez-Quintana, J. (2012). High 
temperature thermal barrier coatings from recycled fly ash cenospheres. Applied 
Thermal Engineering, 48: 117-121. 

Arman, S. Y. Y., Ramezanzadeh, B., Farghadani, S., Mehdipour, M., and Rajabi, A. 
(2013). Application ofthe electrochemical noise to investigate the corrosion 
resistance of an epoxy zinc-rich coating loaded with lamellar aluminum and 
micaceous iron oxide particles. Corrosion Science, 77: 118-127. 

Armelin, E., Marti, M., Liesa, F., Iribarren, J. I., and Aleman, C. (2010). Partial 
replacement of metallic zinc dust in heavy duty protective coatings by conducting 
polymer. Progress in Organic Coatings, 69(1): 26-30. 

Asemani, H. R., Ahmadi, P., Sarabi, A. A., and Eivaz Mohammadloo, H. (2016). Effect 
of zirconium conversion coating: Adhesion and anti -corrosion properties of epoxy 
organic coating containing zinc aluminum polyphosphate (ZAPP) pigment on 
carbon mild steel. Progress in Organic Coatings, 94: 18-27. 

ASTM. (2006). How Metallic Coatings Protect Steel. Retrieved December 13, 2017, 
from https:/ /www.astm.org/SNEWS/ APRIL_ 2006/dallynside _ apr06.html 

Atta, A.M., Al-Hodan, H. A., Hameed, R. S. A., and Ezzat, A. 0. (2017). Preparation 
of green cardanol-based epoxy and hardener as primer coatings for petroleum and 
gas steel in marine environment. Progress in Organic Coatings, 111: 283-293. 

Azevedo, A. G. deS., and Strecker, K. (2017). Brazilian fly ash based inorganic 
polymers production using different alkali activator solutions. Ceramics 
International, 43(12): 9012-9018. 

Bahekar, P. V., and Gadve, S. S. (2017). Impressed current cathodic protection ofrebar 
in concrete using Carbon FRP laminate. Construction and Building Materials, 156: 
242-251. 

Balaram Naik, A., and Chennakeshava Reddy, A. (2018). Optimization oftensile 
strength in TIG welding using the Taguchi method and analysis of variance 
(ANOVA). Thermal Science and Engineering Progress, 8: 327-339. 

Bandeira, R. M., van Drunen, J., Garcia, A. C., and Tremiliosi-Filho, G. (2017). 
Influence ofthe thickness and roughness ofpolyaniline coatings on corrosion 
protection of AA7075 aluminum alloy. Electrochimica Acta, 240: 215-224. 

Barranco, V., Feliu, S., and Feliu, S. (2004). EIS study of the corrosion behaviour of 
zinc-based coatings on steel in quiescent 3% NaCl solution. Part 1: directly 

104 



exposed coatings. Corrosion Science, 46(9): 2203-2220. 

Barsoukov, E., and Macdonald, J. R. (2005). Impedance Spectroscopy. (E. Barsoukov & 
J. R. Macdonald, Eds.)Impedance Spectroscopy: Theory, Experiment, and 
Applications (2nd ed.). New Jersey: John Wiley & Sons, Inc. 

Bellezze, T., Giuliani, G., and Roventi, G. (2018). Study of stainless steels corrosion in 
a strong acid mixture. Part 1: cyclic potentiodynamic polarization curves examined 
by means of an analytical method. Corrosion Science, 130: 113-125. 

Bellezze, T., Giuliani, G., Roventi, G., Fratesi, R., Andreatta, F., and Fedrizzi, L. 
(20 16). Corrosion behaviour of austenitic and duplex stainless steels in an 
industrial strongly acidic solution. Materials and Corrosion, 67(8): 831-838. 

Bereket, G., Hili, E., and Ahin, Y. (2005). Electrochemical synthesis and anti-corrosive 
properties ofpolyaniline, poly(2-anisidine), and poly(aniline-co-2-anisidine) films 
on stainless steel. Progress in Organic Coatings, 54: 63-72. 

Bethencourt, M., Botana, F. J., Marcos, M., Osuna, R. M., and Sanchez-Amaya, J. M. 
(2003). Inhibitor properties of &quot; green &quot; pigments for paints. Progress 
in Organic Coatings, 46: 280-287. 

Bierwagen, G., Battocchi, D., Simoes, A., Stamness, A., and Tallman, D. (2007). The 
use of multiple electrochemical techniques to characterize Mg-rich primers for AI 
alloys. Progress in Organic Coatings, 59(3): 172-178. 

Bierwagen, G., Fishman, R., Storsved, T., and Johnson, J. (1999). Recent studies of 
particle packing in organic coatings. Progress in Organic Coatings, 35(1--4): 1-9. 

Bierwagen, G. P. (2018). Surface coating I chemistry I Britannica.com. Encyclopaedia 
Britannica. Retrieved December 5, 2018, from 
https ://www. britannica. com/technology /surface-coating#ref825 52 

Bierwagen, G. P., and Hay, T. K. (1975). The reduced pigment volume concentration as 
an important parameter in interpreting and predicting the properties of organic 
coatings. Progress in Organic Coatings, 3(4): 281-303. 

Bierwagen, G., Tallman, D., Li, J., He, L., and Jeffcoate, C. (2003). EIS studies of 
coated metals in accelerated exposure. Progress in Organic Coatings, 46(2): 149-
158. 

Bohn, D. (2018). Global Coatings Market Overview- Coatings World. Coatings World. 

105 



Retrieved December 12, 2018, from https://www.coatingsworld.com/issues/2018-
0 1-0 1/view _features/global-coatings-market-overview 

Boshkov, N., Petrov, K., Vitkova, S., Nemska, S., and Raichevsky, G. (2002). 
Composition of the corrosion products of galvanic alloys Zn-Co and their 
influence on the protective ability. Surface and Coatings Technology, 157(2-3): 
171-178. 

Bottomley, D., and Spoor, L. (2017). Paint: a definition and generic organic coating 
types. Northampton. 

Bushman, J. B. (2001). Impressed current cathodic protection system design. Ohio, 
USA. 

Cao, C. (1996). On Electrochemical Techniques for Interface. Corrosion Science, 
38(12):2073-2082. 

Cao, R., Zhu, L., Li, W., Hu, W., and Liu, H. (20 17). The effect of alumina-silica sols 
on electrodeposited zinc coatings for sintered NdFeB. Journal of Alloys and 
Compounds, 726: 95-106. 

Chen, W.-B., Chen, P., Chen, H. Y., Wu, J., and Tsai, W.-T. (2002). Development of 
At-containing zinc-rich paints for corrosion resistance. Corrosion Science, 187: 
154-164. 

Chen, Z. Y., Persson, D., and Leygraf, C. (2008). Initial NaCl-particle induced 
atmospheric corrosion of zinc-Effect of C02 and S02. Corrosion Science, 50(1): 
111-123. 

Cubides, Y., and Castaneda, H. (20 16). Corrosion protection mechanisms of carbon 
nanotube and zinc-rich epoxy primers on carbon steel in simulated concrete pore 
solutions in the presence of chloride ions. Evaluation and Program Planning, 109: 
145-161. 

Darowicki, K. (1997). The application of impedance measurements for the 
determination of the probability of the course of corrosion processes. Corrosion 
Science, 39(6): 1087-1092. 

Darvish, A., Naderi, R., and Attar, M. M. (2014). The impact of pigment volume 
concentration on the protective performance of polyurethane coating with second 
generation of phosphate based anticorrosion pigment. Progress in Organic 
Coatings, 77(11): 1768-1773. 

106 



Dawson, J., Bruce, K., and John, D. G. (2001). HSE Health &amp; Safety Executive 
Corrosion risk assessment and safety management for offshore processing 
facilities. London. 

del Amo, B., Romagnoli, R., Vetere, V .. , and Hernandez, L.. (1998). Study of the 
anticorrosive properties of zinc phosphate in vinyl paints. Progress in Organic 
Coatings, 33(1): 28-35. 

del Amo, B., V eleva, L., Di Sarli, A .. , and Elsner, C .. (2004). Performance of coated 
steel systems exposed to different media: Part I. Painted galvanized steel. Progress 
in Organic Coatings, 50(3): 179-192. 

Delgarm, N., Sajadi, B., Azarbad, K., and Delgarm, S. (2018). Sensitivity analysis of 
building energy performance: A simulation-based approach using OF AT and 
variance-based sensitivity analysis methods. Journal of Building Engineering, 15: 
181-193. 

Deya, C., Blustein, G., Del Amo, B., and Romagnoli, R. (2010). Progress in Organic 
Coatings Evaluation of eco-friendly anticorrosive pigments for paints in service 
conditions. Progress in Organic Coatings, 69: 1-6. 

Deya, M .. , Blustein, G., Romagnoli, R., and del Amo, B. (2002). The influence of the 
anion type on the anticorrosive behaviour of inorganic phosphates. Surface and 
Coatings Technology, 150(2): 133-142. 

di Caprio, D., Stafiej, J., Luciano, G., and Arurault, L. (2016). 3D cellular automata 
simulations of intra and intergranular corrosion. Corrosion Science, 112: 438-450. 

Dietmar, E., Braidt, R., StrauB, B., and Walter, A. (2015). EIS study ofblister formation 
on coated galvanised steel in oxidising alkaline solutions. Corrosion Science, 96: 
6--13. 

Edavan, R. P ., and Kopinski, R. (2009). Corrosion resistance of painted zinc alloy 
coated steels. Corrosion Science, 51 (1 0): 2429-2442. 

El Saeed, A.M., El-Fattah, M.A., and Dardir, M. M. (2015). Synthesis and 
characterization of titanium oxide nanotubes and its performance in epoxy 
nanocomposite coating. Progress in Organic Coatings, 78: 83-89. 

Erich, S. J. F., Huinink, H. P., Adan, 0. C. G., Laven, J., and Esteves, A. C. (2008). The 
influence of the pigment volume concentration on the curing of alkyd coatings: A 
lD MRI depth profiling study. Progress in Organic Coatings, 63(4): 399-404. 

107 



Fan, M., and Brown, R. C. (2001). Comparison ofthe Loss-on-Ignition and 
Thermogravimetric Analysis Techniques in Measuring Unburned Carbon in Coal 
Fly Ash Comparison of the Loss-on-Ignition and Thermogravimetric Analysis 
Techniques in Measuring Unburned Carbon in Coal Fly Ash, 1414-1417. 

Feliu, S., Galvan, J. C., and Morcillo, M. (1989). An interpretation of electrical 
impedance diagrams for painted galvanized steel. Progress in Organic Coatings, 
17(2): 143-153. 

Feliu, S., Morcillo, M., and Feliu, S. (1995). The reproducibility of impedance 
parameters obtained for painted specimens. Progress in Organic Coatings, 25(4): 
365-377. 

Flitt, H. J., and Schweinsberg, D.P. (2005). A guide to polarisation curve interpretation: 
Deconstruction of experimental curves typical of the Fe/H20/H+/02 corrosion 
system. Corrosion Science, 47(9): 2125-2156. 

Fragata, F. L., Mussoi, C. R. S., Moulin, C. F., Margarit, I. C. P., and Mattos, 0. R. 
(1993). Influence of extender pigments on the performance of ethyl silicate zinc­
rich paints. Journal ofCoaings Technology, 65: 103-109. 

Funke, W. (1974). New aspects of paint films with inhomogeneous structures. Progress 
in Organic Coatings, 2(4): 289-313. 

Funke, W. (1985). The role of Adhesion in Corrosion Protection by Organic Coatings. 
J Oil and Colour Chemists Association, 68: 229-232. 

Funke, W. (1996). Thin-layer technology in organic coatings. Progress in Organic 
Coatings, 28(1): 3-7. 

Funke, W. (1997). PROGRESS IN ORGANIC 03ATINGS Problems and progress in 
organic coatings science and technology'. Progrelss in Organic Coatings, 31: 5-9. 

Gergely, A., Paszti, Z., Mihaly, J., Drotar, E., and Torok, T. (2014). Galvanic function 
of zinc-rich coatings facilitated by percolating structure of the carbon nanotubes. 
Part II: Protection properties and mechanism ofthe hybrid coatings. Progress in 
Organic Coatings, 77: 412--424. 

Gergely, A., Pfeifer, E., Bert6ti, 1., Torok, T., and Kalman, E. (2011). Corrosion 
protection of cold-rolled steel by zinc-rich epoxy paint coatings loaded with nano­
size alumina supported polypyrrole. Corrosion Science, 53(11): 3486-3499. 

108 



Gharibi, R., Yousefi, M., and Yeganeh, H. (2013). Synthesis, characterization and 
assessment of poly(urethane-co-pyrrole )s derived from castor oil as anticorrosion 
coatings for stainless steel. Progress in Organic Coatings, 76(10): 1454-1464. 

Gray, L. G. S., and Appleman, B. R. (2003). EIS: Electrochemical Impedence 
Spectroscopy. Journal of Protective Coatings and Linings, 66--74. 

Gwon, S., Jeong, Y., Oh, J. E., and Shin, M. (2017). Sustainable sulfur composites with 
enhanced strength and lightweightness using waste rubber and fly ash. 
Construction and Building Materials, 135: 65<H564. 

Hakansson, E., Hoffman, J., Predecki, P., and Kumosa, M. (2017). The role of corrosion 
product deposition in galvanic corrosion of aluminum/carbon systems. Corrosion 
Science, 114: 10-16. 

Hammouda, N., Chadli, H., Guillemot, G., and Belmokre, K. (2011). The Corrosion 
Protection Behaviour of Zinc Rich Epoxy Paint in 3% NaCl Solution. Advances in 
Chemical Engineering and Science, 1 (2): 51-60. 

Hayatdavoudi, H., and Rahsepar, M. (2017). A mechanistic study ofthe enhanced 
cathodic protection performance of graphene-reinforced zinc rich nanocomposite 
coating for corrosion protection of carbon steel substrate. Journal of Alloys and 
Compounds, 727: 1148-1156. 

Heiselberg, P., Brohus, H., Hesselholt, A., Rasmussen, H., Seinre, E., and Thomas, S. 
(2009). Application of sensitivity analysis in design of sustainable buildings. 
Renewable Energy, 34(9): 2030-2036. 

Hernandez, M., Genesca, J., Uruchurtu, J., Galliano, F., and Landolt, D. (2006). Effect 
of an inhibitive pigment zinc-aluminum-phosphate (ZAP) on the corrosion 
mechanisms of steel in waterborne coatings. Progress in Organic Coatings, 56: 
199-206. 

Hinderliter, B. R., Croll, S. G., Tallman, D. E., Su, Q., and Bierwagen, G. P. (2006). 
Interpretation of EIS data from accelerated exposure of coated metals based on 
modeling of coating physical properties. Electrochimica Acta, 51 (21 ): 4505--4515. 

Jagtap, R.N., Patil, P. P., and Hassan, S. Z. (2008). Progress in Organic Coatings Effect 
of zinc oxide in combating corrosion in zinc-rich primer. Progress in Organic 
Coatings, 63: 389-394. 

Jalili, M., Rostami, M., and Ramezanzadeh, B. (2015). An investigation ofthe 
electrochemical action of the epoxy zinc-rich coatings containing surface modified 

109 



aluminum nanoparticle. Applied Surface Science, 328: 95-108. 

Kakaei, M. N., Danaee, 1., and Zaarei, D. (2013). Investigation of corrosion protection 
afforded by inorganic anticorrosive coatings comprising micaceous iron oxide and 
zinc dust. Corrosion Engineering, Science and Technology, 48(3): 194-198. 

Kalenda, P. (1998). Some aspects of water absorption in free films from non-pigmented 
copolymer latex binders. In Proceedings of the XXIV F ATIP EC Congress. 
Interlaken: Proceedings ofthe XXIV FATIPEC Congress. 

Kalendova, A. (2003). Effects ofparticle sizes and shapes of zinc metal on the 
properties of anticorrosive coatings. Progress in Organic Coatings, 46: 324-332. 

Kalendova, A., Kalenda, P., and Vesely, D. (2006). Comparison ofthe efficiency of 
inorganic nonmetal pigments with zinc powder in anticorrosion paints. Progress in 
Organic Coatings, 57(1): 1-10. 

Kalendova, A., Vesely, D., Kohl, M., and Stejskal, J. (2015). Anticorrosion efficiency 
of zinc-filled epoxy coatings containing conducting polymers and pigments. 
Progress in Organic Coatings, 78: 1-20. 

Karayan, A. 1., Jata, K., Velez, M., and Castaneda, H. (2016). On exfoliation corrosion 
of alloy 2060 T8E30 in an aggressive acid environment. Journal of Alloys and 
Compounds, 657: 546-558. 

Kim, Y.-S., Lee, S. K., Chung, H.-J., and Kim, J.-G. (2018). Influence of a simulated 
deep sea condition on the cathodic protection and electric field of an underwater 
vehicle. Ocean Engineering, 148: 223-233. 

Koch, G., Thompson, N., Moghissi, 0., Gould, M., Payer, J., and Jacobson, G. (2016). 
International Measures of Prevention, Application, and Economics of Corrosion 
Technologies Study. 

Koleske, J. V. (2012). Paint and Coating Testing Manual: 15th edition of the Gardner­
Sward handbook. (J. V. Koleske, Ed.)ASTM Stock Number: MNL 17-2ND (2nd 
ed.). ASTM International. 

Kotnarowska, D. (1997). Kinetics of wear of epoxide coating modified with glass 
microspheres and exposed to the impact of alundum particles, 31: 325-330. 

Kruger, J. (2011). Cost ofMetallic Corrosion. In Uhlig's Corrosion Handbook (pp. 15-
20). Hoboken, NJ, USA: John Wiley & Sons, Inc. 

110 



Leidheiser, H. (1979). Electrical and electrochemical measurements as predictors of 
corrosion at the metal-organic coating interface. Progress in Organic Coatings, 
7(1): 79-104. 

Liu, S.D., Chen, B., Li, C. B., Dai, Y., Deng, Y. L., and Zhang, X. M. (2015). 
Mechanism of low exfoliation corrosion resistance due to slow quenching in high 
strength aluminium alloy. Corrosion Science, 91: 203-212. 

Liu, X., Xiong, J., Lv, Y., and Zuo, Y. (2009). Study on corrosion electrochemical 
behavior of several different coating systems by EIS. Progress in Organic 
Coatings, 64(4): 497-503. 

Liu, Y., Visser, P., Zhou, X., Lyon, S. B., Hashimoto, T., Curioni, M., ... Terryn, H. 
(2016). Protective Film Formation on AA2024-T3 Aluminum Alloy by Leaching 
of Lithium Carbonate from an Organic Coating. Journal ofThe Electrochemical 
Society, 163(3): C45-C53. 

Liu, Y., Zhou, X., Lyon, S. B., Emad, R., Hashimoto, T., Gholinia, A., ... Francis, D. 
(2017). An organic coating pigmented with strontium aluminium polyphosphate 
for corrosion protection of zinc alloy coated steel. Progress in Organic Coatings, 
102:29-36. 

Lorenz, W. J., and Mansfeld, F. (1986). Interface and interphase corrosion inhibition. 
ElectrochimicaActa, 31(4): 467-476. 

Lyon, S. B., Bingham, R., and Mills, D. J. (2017). Advances in corrosion protection by 
organic coatings: What we know and what we would like to know. Progress in 
Organic Coatings, 102: 2-7. 

Ma, Y., Di, H., Yu, Z., Liang, L., Lv, L., Pan, Y., ... Yin, D. (20 16). Fabrication of 
silica-decorated graphene oxide nanohybrids and the properties of composite 
epoxy coatings research. Applied Surface Science, 360: 936-945. 

Ma, Y., and He, L. (2017). POSS-pendanted in epoxy chain inorganic-organic hybrid 
for highly thermo-mechanical, permeable and hydrothermal-resistant coatings. 
Materials Chemistry and Physics, 201: 120--129. 

MaaB, P. (2011). Corrosion and Corrosion Protection. In P. MaaB & P. PeiBker (Eds.), 
Handbook of Hot-dip Galvanization (pp. 1-19). Weinheim: WILEY-VCH. 

Mahdavian, M., and Attar, M. M. (2006)a. Another approach in analysis of paint 
coatings with EIS measurement: Phase angle at high frequencies, 48: 4152-4157. 

111 



Mahdavian, M., and Attar, M. M. (2006)b. Another approach in analysis of paint 
coatings with EIS measurement: Phase angle at high frequencies. Corrosion 
Science, 48(12): 4152-4157. 

Mansfeld, F. (1976). The Polarization Resistance Technique for Measuring Corrosion 
Currents. In Advances in Corrosion Science and Technology (pp. 163-262). 
Boston, MA: Springer US. 

Marchebois, H., Joiret, S., Savall, C., Bernard, J., and Touzain, S. (2002). 
Characterization of zinc-rich powder coatings by EIS and Raman spectroscopy, 
151-161. 

Marchebois, H., Keddamb, M., Savall, C., Bernard, J., and Touzain, S. (2004). Zinc-rich 
powder coatings characterisation in artificial sea water EIS analysis of the galvanic 
action. ElectrochimicaActa, 49: 1719-1729. 

Marchebois, H., Touzain, S., Joiret, S., Bernard, J., and Savall, C. (2002). Zinc-rich 
powder coatings corrosion in sea water: influence of conductive pigments. 
Progress in Organic Coatings, 45: 415-421. 

Mehta, A., and Siddique, R. (2017). Properties oflow-calciurn fly ash based 
geopolyrner concrete incorporating OPC as partial replacement of fly ash. 
Construction and Building Materials, 150: 792-807. 

Meroufel, A., and Touzain, S. (2007). EIS characterisation of new zinc-rich powder 
coatings. Progress in Organic Coatings, 59: 197-205. 

Mohammad Hosseini, R., Sarabi, A. A., Eivaz Moharnrnadloo, H., and Sarayloo, M. 
(2014). The performance improvement of Zr conversion coating through Mn 
incorporation: With and without organic coating. Surface and Coatings 
Technology,258:437-446. 

Montazeri, S., Ranjbar, Z., and Rastegar, S. (2017). A study on effects ofviscoelastic 
properties on protective performance of epoxy coatings using EIS. Progress in 
Organic Coatings, Ill: 248-257. 

More, A. P., and Mhaske, S. T. (2016). Anticorrosive coating ofpolyesteramide resin 
by functionalized ZnO- Al2 0 3 -Fly ash composite and functionalized 
multiwalled carbon nanotubes. Progress in Organic Coatings, 99: 240-250. 

Mouanga, M., Ber9ot, P ., and Rauch, J. Y. (20 10). Comparison of corrosion behaviour 
of zinc in NaCl and in NaOH solutions. Part I: Corrosion layer characterization. 
Corrosion Science, 52(12): 3984-3992. 

112 



Mousavifard, S.M., Nouri, P.M., Attar, M. M., and Ramezanzadeh, B. (2013). The 
effects of zinc aluminum phosphate (ZPA) and zinc aluminum polyphosphate 
(ZAPP) mixtures on corrosion inhibition performance of epoxy/polyamide coating. 
Journal oflndustrial and Engineering Chemistry, 19(3): 1031-1039. 

Murray, H. H. (2000). Traditional and new applications for kaolin, smectite, and 
palygorskite: a general overview. Applied Clay Science, 17(5-6): 207-221. 

Naderi, R., and Attar, M. M. (2008). Electrochemical assessing corrosion inhibiting 
effects of zinc aluminum polyphosphate (ZAPP) as a modified zinc phosphate 
pigment. Electrochimica Acta, 53(18): 5692-5696. 

Naderi, R., and Attar, M. M. (2009). Progress in Organic Coatings Electrochemical 
study of protective behavior of organic coating pigmented with zinc aluminum 
polyphosphate as a modified zinc phosphate at different pigment volume 
concentrations. Progress in Organic Coatings, 66: 314-320. 

Naderi, R., Attar, M. M., and Moayed, M. H. (2004). EIS examination of mill scale on 
mild steel with polyester-epoxy powder coating. Progress in Organic Coatings, 
50: 162-165. 

Naik, R. B., Jagtap, S. B., and Ratna, D. (2015). Effect of carbon nanofillers on 
anticorrosive and physico-mechanical properties ofhyperbranched urethane alkyd 
coatings. Progress in Organic Coatings, 87: 28-35. 

Nanna, M. E., and Bierwagen, G. P. (2004). Mg-rich coatings: A new paradigm for Cr­
free corrosion protection of Al aerospace alloys. Journal of Coatings Technology 
Research, 1 (2): 69-80. 

Naser Kakaei, M., Danaee, I., and Zaarei, D. (2013). Evaluation of cathodic protection 
behavior of waterborne inorganic zinc-rich silicates containing various contents of 
MIO pigments. Anti-Corrosion Methods and Materials, 60(1): 37-44. 

Nazarov, A., Prosek, T., and Thierry, D. (2008). Application ofEIS and SKP methods 
for the study of the zinc/polymer interface. Electrochimica Acta, 53(25): 7531-
7538. 

Nguyen, T., Hubbard, J. B., and Pommersheim, J. M. (1996). Unified model for the 
degradation of organic coatings on steel in a neutral electrolyte.pd£ Journal of 
Coatings Technology, 68(855): 45-56. 

Nguyen Thuy, D., To Thi Xuan, H., Nicolay, A., Paint, Y., and Olivier, M.-G. (2016). 
Corrosion protection of carbon steel by solvent free epoxy coating containing 

113 



hydrotalcites intercalated with different organic corrosion inhibitors. Progress in 
Organic Coatings, 101:331-341. 

Nikravesh, B., Ramezanzadeh, B., Sarabi, A. A., and Kasiriha, S.M. (2011). Evaluation 
of the corrosion resistance of an epoxy-polyamide coating containing different 
ratios ofmicaceous iron oxide/Al pigments. Corrosion Science, 53: 1592-1603. 

Ochi, M., Takemiya, K., Kiyohara, 0., and Nakanishi, T. (2000). Effect of the addition 
of aramid-silicone block copolymer on the phase structure and toughness of cured 
epoxy resins modified with RTV silicone. Polymer, 41(1): 195-201. 

Oni, B. 0., Egiebor, N. 0., Ekekwe, N.J., and Chuku, A. (2008). Corrosion Behavior of 
Tin-Plated Carbon Steel and Aluminum in NaCl Solutions Using Electrochemical 
Impedance Spectroscopy, 7(4): 331-346. 

Palimi, M. J., Alibakhshi, E., Ramezanzadeh, B., Bahlakeh, G., and Mahdavian, M. 
(20 18). Screening the anti-corrosion effect of a hybrid pigment based on zinc 
acetyl acetonate on the corrosion protection performance of an epoxy-ester 
polymeric coating. Journal of the Taiwan Institute ofChemical Engineers, 82: 
261-272. 

Panagopoulos, C. N., Georgiou, E. P., and Markopoulos, C. (2013). Corrosion and wear 
of zinc in various aqueous based environments. Corrosion Science, 70: 62-67. 

Park, J. H., Tae, H. Y., Kyoo, Y. K., Yon, K. S., and Jong, M.P. (2012). The 
improvement of anticorrosion properties of zinc-rich organic coating by 
incorporating surface-modified zinc particle. Progress in Organic Coatings, 74(1): 
25-35. 

Perera, D. Y. (2004), September 1. Effect ofpigmentation on organic coating 
characteristics. Progress in Organic Coatings, 50(4): 247-262. 

Phalak, G. A., Patil, D. M., and Mhaske, S. T. (2017). Synthesis and characterization of 
thermally curable guaiacol based poly(benzoxazine-urethane) coating for corrosion 
protection on mild steel. European Polymer Journal, 88: 93-108. 

Presuel-Moreno, F., Jakab, M.A., Tailleart, N., Goldman, M., and Scully, J. R. (2008). 
Corrosion-resistant metallic coatings. Materials Today, 11(10): 14-23. 

Prokes, P., and Kalendova, A. (2007). Anticorrosion efficiency of coatings containing 
metallic pigments. Journal of Physics and Chemistry of Solids, 68(5-6): 1083-
1086. 

114 



Puomi, P., and Fagerholm, H. M. (2001 ). Characterization of hot-dip galvanized (HDG) 
steel treated withy-UPS, VS, and tetrasulfide. Journal of Adhesion Science and 
Technology, 15(5): 509-533. 

Qiao, G., Guo, B., Ou, 1., Xu, F., and Li, Z. (2016). Numerical optimization of an 
impressed current cathodic protection system for reinforced concrete structures. 
Construction and Building Materials, 119: 260-267. 

Rahsepar, M., and Bahrololoom, M. E. (2011). Corrosion resistance ofNi/Zn-Fe/Zn and 
Ni/Zn/Zn-Fe compositionally modulated multilayer coatings. Corrosion 
Engineering, Science and Technology, 46(1): 70-75. 

Ramezanzadeh, B., Arman, S. Y., and Mehdipour, M. (2014). Anticorrosion properties 
of an epoxy zinc-rich composite coating reinforced with zinc , aluminum , and iron 
oxide pigments, 11(5): 727-737. 

Ramezanzadeh, B., Moghadam, M. H. M., Shohani, N., and Mahdavian, M. (2017). 
Effects ofhighly crystalline and conductive polyaniline/graphene oxide composites 
on the corrosion protection performance of a zinc-rich epoxy coating. 

Ramezanzadeh, B., Niroumandrad, S., Ahmadi, A., Mahdavian, M., and Moghadam, M. 
H. M. (20 16). Enhancement of barrier and corrosion protection performance of an 
epoxy coating through wet transfer of amino functionalized graphene oxide. 
Corrosion Science, 103: 283-304. 

Rammelt, U., and Reinhard, G. (1994). Characterization of active pigments in damage 
of organic coatings on steel by means of electrochemical impedance spectroscopy. 
Progress in Organic Coatings, 24(1-4): 309-322. 

Riaz, U., Nwaoha, C., and Ashraf, S.M. (2014). Progress in Organic Coatings Recent 
advances in corrosion protective composite coatings based on conducting polymers 
and natural resource derived polymers. Progress in Organic Coatings, 77: 743-
756. 

Rios, E. C., Zimer, A.M., Pereira, E. C., and Mascaro, L. H. (2014). Analysis of AISI 
1020 steel corrosion in seawater by coupling electrochemical noise and optical 
microscopy. Electrochimica Acta, 124: 211-217. 

Risdanareni, P., Puspitasari, P., and Jaya, E. K. (2017). Chemical and Physical 
Characterization of Fly Ash as Geopolymer Material. In Chemical and Physical 
Characterization of Fly Ash as Geopolymer Material. In MATEC Web of 
Conference. Web of Conference (p. 8). 

115 



Roberge, P.R., and Pierre, R. (2000). Handbook of Corrosion Engineering Library of 
Congress Cataloging-in-Publication Data. (R. Espocito, Ed.). United States of 
America: McGraw-Hill. 

Romagnoli, R., and Vetere, V. (1992). Anticorrosive protection by zinc-ethyl silicate 
paints: A review. Corrosion Reviews, 10(3-4): 337-366. 

Rosales, B. M., Di Sarli, A. R., de Rincon, 0., Rincon, A., Elsner, C. I., and Marchisio, 
B. (2004). An evaluation of coil coating formulations in marine environments. 
Progress in Organic Coatings, 50(2): 105-114. 

Ross, T. K., and Wolstenholme, J. (1977). Anti-corrosion properties of zinc dust paints. 
Corrosion Science, 17(4): 341-351. 

Rousseau, C., Baraud, F., Leleyter, L., and Gil, 0. (2009). Cathodic protection by zinc 
sacrificial anodes: Impact on marine sediment metallic contamination. Journal of 
Hazardous Materials, 167(1-3): 953-958. 

Sakhri, A., Perrin, F. X., Aragon, E., Lamouric, S., and Benaboura, A. (2010). 
Chlorinated rubber paints for corrosion prevention of mild steel: A comparison 
between zinc phosphate and polyaniline pigments. Corrosion Science, 52(3): 901-
909. 

Saltelli, A., Annoni, P., Azzini, 1., Campolongo, F., Ratto, M., and Tarantola, S. (2010). 
Variance based sensitivity analysis of model output. Design and estimator for the 
total sensitivity index. Computer Physics Communications, 181 (2): 259-270. 

Sanaei, Z., Bahlakeh, G., and Ramezanzadeh, B. (2017). Active corrosion protection of 
mild steel by an epoxy ester coating reinforced with hybrid organic/inorganic green 
inhibitive pigment. Journal of Alloys and Compounds, 728: 1289-1304. 

Sangaj, N. S., and Malshe, V. C. (2004). Permeability of polymers in protective organic 
coatings. Progress in Organic Coatings, 50: 28-39. 

Sathiyanarayanan, S., Muthukrishnan, S., and Venkatachari, G. (2006). Performance of 
polyaniline pigmented vinyl acrylic coating on steel in aqueous solutions. Progress 
in Organic Coatings, 55(1): 5-10. 

Schaefer, K., and Miszczyk, A. (20 13). Improvement of electrochemical action of zinc­
rich paints by addition ofnanoparticulate zinc. Corrosion Science, 66: 380-391. 

Schneider, M., Kremmer, K., Lammel, C., Sempf, K., and Herrmann, M. (2014). 

116 



Galvanic corrosion of metal/ceramic coupling. Corrosion Science, 80: 191-196. 

Schoff, C. K. (2005). Organic coatings: the paradoxical materials. Progress in Organic 
Coatings, 52(1): 21-27. 

Shi, X., Xie, N., Fortune, K., and Gong, J. (2012). Durability of steel reinforced 
concrete in chloride environments: An overview. Construction and Building 
Materials, 30: 125-138. 

Shirehjini, F. T., Danaee, I., Eskandari, H., and Zarei, D. (2016). Effect ofNano Clay 
on Corrosion Protection of Zinc-rich Epoxy Coatings on Steel37. Journal of 
Materials Science & Technology, 32(11): 1152-1160. 

Shreepathi, S., Bajaj, P., and Mallik, B. P. (2010). Electrochemical impedance 
spectroscopy investigations of epoxy zinc rich coatings: Role of Zn content on 
corrosion protection mechanism. Electrochimica Acta, 55(18): 5129-5134. 

Solomon, D. H. (David H., and Hawthorne, D. G. (David G. (1983). Chemistry of 
pigments andjillers. Wiley-lnterscience Publication. New York: Wiley. 

S0rensen, P. A., Kiil, S., Dam-Johansen, K., and Weinell, C. E. (2009). Anticorrosive 
coatings: a review. Journal of Coatings Technology and Research, 6(2): 135-176. 

Stem, M., Stem, M., Geary, a, and Geary, a. (1957). Electrochemical polarisation: a 
theoretical analysis ofthe shape of polarisation curves. Journal of the 
Electrochemical Society, 104(1): 56-63. 

Thomas, M. (2007). Optimizing the Use of Fly Ash in Concrete. Portland Cement 
Association. 

Tomi, M.D., Dunji, B., Liki, V., Bajat, J., Rogan, J., and Djonlagi, J. (2014). Progress 
in Organic Coatings The use of nanoclay in preparation of epoxy anticorrosive 
coatings. Progress in Organic Coatings, 77: 518-527. 

Upadhyay, V., and Battocchi, D. (2017). Exploring the combined effect of DC 
polarization and high temperature exposure on the barrier properties of organic 
coatings. Progress in Organic Coatings, 110: 42-46. 

Vilche, J. R., Bucharsky, E. C., and Gi, C. A. (2002). Application ofEIS and SEM to 
evaluate the influence of pigment shape and content in ZRP formulations on the 
corrosion prevention ofnaval steel. Corrosion Science, 44: 1287-1309. 

117 



Visser, P., Liu, Y., Zhou, X., Hashimoto, T., Thompson, G. E., Lyon, S. B., ... Terryn, 
H. A. (20 15). The corrosion protection of AA2024-T3 aluminium alloy by 
leaching oflithium-containing salts from organic coatings. Faraday Discuss., 
180(0): 511-526. 

Walkner, S., and Walter, A. (2014). Electrochimica Acta Combined chemical and EIS 
study ofthe reaction of zinc coatings under alkaline conditions. Electrochimica 
Acta, 131: 130-136. 

Wandell T. (1996). Cenospheres, from wastes to profits. American Ceramics Service 
Bulletin, 75: 3-8. 

Wang, J., Xu, H., and Bierwagen, G. (2014). The determination of critical pigment 
volume concentration (CPVC) in organic coatings with fluorescence microscopy. 
Progress in Organic Coatings, 77(12): 2147-2154. 

Wang, N., Zhang, Y., Chen, J., Zhang, J., and Fang, Q. (2017). Dopamine modified 
metal-organic frameworks on anti-corrosion properties of waterborne epoxy 
coatings. Progress in Organic Coatings, 109: 126-134. 

Wang, X. H., Wang, J. H., Yue, X., and Gao, Y. (2015). Effect of aging treatment on 
the exfoliation corrosion and stress corrosion cracking behaviors of 2195 Al-Li 
alloy. Materials & Design, 67: 596-605. 

Wang, Z., Han, E., Liu, F., Qian, Z., and Zhu, L. (2014). Waterborne Epoxy 
Nanocoatings Modified by Nanoemulsions and Nanoparticles. Journal of 
Materials Science & Technology, 30(10): 1036-1042. 

Wang, Z., Li, J., Wang, Y., and Wang, Z. (2017). An EIS analysis on corrosion 
resistance of anti-abrasion coating. Surfaces and Interfaces, 6: 33-39. 

Watson, D. (2014). Current And Future Trends Within The Asia Pacific Coatings 
Market- Coatings World. Coatings World. Retrieved December 12, 2018, from 
https://www.coatingsworld.com/issues/0814/view_features/current-and-future­
trends-within-the-asia-pacific-coatings-market/7 8 83 

Wilson, K., Jawed, M., and Ngala, V. (2013). The selection and use of cathodic 
protection systems for the repair of reinforced concrete structures. Construction 
and Building Materials, 39: 19-25. 

Wonnie Ma, I. A., Sh, A., K, R., B, V., S, R., and Arof, A. K. (2017). Anticorrosion 
properties of epoxy-nanochitosan nanocomposite coating. Progress in Organic 
Coatings, 113: 74-81. 

118 



Wright, G. (2008). Corrosion protection of metal. New Zealand Institute of Chemistry 
Website. Retrieved November 29, 2017, from 
http://nzic.org.nz/ChemProcesses/metals/8J.pdf 

Wu, Q., Li, M., Gu, Y., Wang, S., and Zhang, Z. (2015). Imaging the interphase of 
carbon fiber composites using transmission electron microscopy: Preparations by 
focused ion beam, ion beam etching, and ultramicrotomy. Chinese Journal of 
Aeronautics, 28(5): 1529-1538. 

Yousefi Oderji, S., Chen, B., and Jaffar, S. T. A. (2017). Effects of relative humidity on 
the properties of fly ash-based geopolyrners. Construction and Building Materials, 
153: 268-273. 

Zaki, A. (2007). Principles of Corrosion Engineering and Corrosion Control. Hungary: 
Elsevier. 

Zhang, L., Ma, A., Jiang, J., Song, D., Chen, J., and Yang, D. (2012). Anti-corrosion 
performance of waterborne Zn-rich coating with modified silicon-based vehicle 
and lamellar Zn (Al) pigments. Progress in Natural Science: Materials 
International, 22: 326-333. 

Zubielewicz, M., and Gnot, W. (2004). Mechanisms ofnon-toxic anticorrosive 
pigments in organic waterborne coatings. Progress in Organic Coatings, 49(4): 
358-371. 

119 




