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Abstract 

Rice husk is one of the agro-waste that is causing environmental pollution worldwide. The work have provided new 
information on the rice husk waste management for potential used as anti-corrosion and wear resistance of coating 
of mild steel. The rice husk was turned into rice husk nanoparticle (RHAnp), Epoxy-2wt% RHAnp was developed 
on the mild steel surface, corrosion, wear and hardness test were used to determine the coating performances. It was 
established in this work that waste rice husk can be used to increases the coating thickness, polarization resistance 
and hardness values, decreases the coefficient of friction, corrosion rate and wear rate of epoxy coated mild steel. 
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1.  Introduction 
 
Waste management problem of one of the main environmental pollution affecting not only Africa countries but the 
world at large, this is attributed to the facts that large quantities of waste are generated from industrials and 
agricultural activities (Bahrami, et al., 2015; Ezema and Aigbodion, 2020). Rice husk is one of the agro-waste that is 
causing environmental pollution worldwide (Soltani et al., 2015). A large quantity of the rice husk is been disposed 
to open burning in my Africa countries and effort has been by the researcher to converted this waste for the use of 
mankind (see Figure 1) (Suwanprateeb and Hatthapanit, 2002; Hassan and Aigbodion, 2016). Some of the recent 
potential application of rice husk exist in literature (Fernandesa et al., 2018). The authors reveal that rice husk 
contains carbon, silica, calcium, magnesium, iron and has been used in the production of composites materials, glass 
and soil stabilization. Bahrami et al (2015) reviewed on the development of metal matrix composites using 
agricultural and industrial waste for engineering applications.  They reported that agricultural and industrial waste 
materials can be effective used in metal matrix production. Aigbodion (2012) develop an Al-Si-Fe composites using 
rice husk ash. Pode (2016) report the use of rice husk in biomass power plant. Yao et al (2016) studied the thermo-
physical properties of rice husk and rice straw. Cuthbert (2014) present energy features of coffee husks blend with 
rice husk. Sekifuji and Tateda (2019) study the production of silica fertilizer using rice husk. Many past researchers 
show that corrosion of mild steel is a mace in the marine industry, oil and gas sector as well as construction and 
building industry (Brostow et al., 2010; Cui et al., 2013; Ramezanzadeh et al., 2014). This paper is an attempt to 
contribute to the conversations in rice husk waste management in a manner that can motivate interest in using rice 
husk as a potential materials for anti-corrosion and wear of mild steel.  
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Figure 1: Photograph of rice husk and open burning 

 
2.  Materials and Method 
The rice husk waste was obtained in Nsukka Nigeria. The raw rice husk was cleaned with water and dried before the 
cleaned rice husk was ashes using muffle furnace operate at 1000oC. The rice husk ash was turned into nanoparticle 
using the sol-gel method. Details of the production of the sol-del method are discussed elsewhere [2]. The mild steel 
used were grounded and polished to obtained mirror like surface and the composition is shown in Table 1.  
 

Table 1: Chemical composition of mild steel used (wt.%) 
Element C Mn Si P S Al Ni Fe 
Composition 0.15 0.45 0.18 0.01 0.031 0.005 0.008 Balance 
   
Epoxy- rice husk ash nanoparticle(RHAnp) coating was employed in this work. Epoxy resin LY556 and Hardener 
(HY951) were used in ratio 2: 1. RHAnp of 2wt% was added to the epoxy mixture. Spray gun operating at a speed 
of 250rpm was employed to applied the coating mixture on the mild steel surface and the coated steel was then 
allowed to dried for 24hours(see Figure 2). 
The nano-partice size of the RHAnp was measured using transmission electron microscope (model: JEOL 
JSM840A). Digital handheld coating thickness equipment was used to determined the coating thickness of the 
coated sample; microstructures were determined by scanning electron microscope (TESCAN). The simulated sea 
water was used in the measurement of the corrosion rate using electrochemical corrosion tester (model: CHI604E). 
ASTM G 99-5 standard was used to determine the dry wear behavior of the composites coating using the TRN 
tribometer machine. 
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Figure 2: Photograph of the: RHAnp, Epoxy, composite mixture and coated samples 

 
3.  Results and Discussion 
The various microstructures obtained are displayed in Figure 3. In Figure 3 it can be seen clearly that there are great 
difference in the morphology of the four samples in question. In the TEM image of the RHAnp uniform fine 
particles randomly distributed were achieved, particle cluster and agglomeration of particles was not seen. The TEM 
image gives average particles of the RHAnp as 98.13-100nm. Evidence of scratch and lines that may remain after 
the polishing of the steel sample was observed in the microstructure of the uncoated mild steel. Evidence of coating 
materials covered the surface of the mild steel was visible in Figure 3. In the coated sample one can observed that 
the coating formulation with 2wt%RHAnp-epoxy covered the entire surface of the mild steel. However, porosity and 
void space were observed in the sample coated with 100%Epoxy as a result of air trapped. Presence of 2wt% 
RHAnp was able to avoid the porosity and filled the gap of the air trap. 
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Figure 3: Displayed various Microstructures obtained 

 
Figure 4 displayed the coating thickness and the hardness values results. It was observed that coating thickness of 0, 
98.34 and 111.2 µm were obtained for the mild steel, mild steel coated with 100%epoxy and 2wt%RHAnp-epoxy 
formulation. The increases in the coating thickness  was attributed to the presence of RHAnp in the formulation that 
covered the entire mild steel surface and hence lead to increment in the coating thickness. The results of the 
hardness values shows similar pattern as that of the coating thickness. Average hardness values of 286.70, 378.90 
and 407.20HV were obtained for the mild steel, mild steel coated with 100%epoxy and 2wt%RHAnp-epoxy 
respectively. The high hardness values of the mild steel coated with 2wt%RHAnp-epoxy was attributed to the 
presence of hard SiO2 phase in the RHAnp[1, 3].  This hard phase hel\=-i0u9p to strengthened and increased the 
load bearing capacity of the mild steel. 
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Figure 4: variation in coating thickness and hardness values with sample condition 

 
Wear is importance engineering properties of materials. The results of the wear rate and coefficient of friction of the 
samples are displayed in Figure 5. It was observed that the results of the coefficient of friction and wear rate 
decreased with the addition of the RHAnp. For example coefficient of friction of 0.48, 0.35, 0.05 and wear rate of 
0.00058, 0.00035 and 0.00024mm3/m were obtained for the mild steel, mild steel coated with 100%epoxy and 
2wt%RHAnp-epoxy respectively. The enhancement in wear resistance obtained in this work was attributed to 
hardness values and anti-friction of the developed composites as discussed above which aid in toughing the 
materials and decreased the expansion caused by epoxy 
Wear worn out surface was used to describe the level of damage to the sample surface. Figure 6 presented the 
images of the worn out surface. It was seen that there is great wear damage on the mild steel uncoated in respect to 
the coated samples. Low wear debris, without cracks were observed in the 2wt%RHAnp-epoxy coated mild steel. 
Evidence of large wear debris, plow and adhesive wear surface were more visible in the substrate (mild steel)(see 
Figure 6).  
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Figure 5: Variation in coefficient of friction and Wear rate with sample condition 
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Figure 6: Wear worn out surface of the samples 

 
Simulated seawater using 3.5%Nacl was used for the corrosion rate of the samples. Figure  7 presented the Tafel 
polarization curves obtained in course of the research. It was observed that the potential of the uncoated mild steel 
sample was lower than the coated sample. The sample with epoxy-2wt% RHAnp has the higher potential of all the 
samples under investigation. This high potential of the epoxy-2wt% RHAnp results to lower the corrosion rate, high 
polarization resistance and lower current density.  For example corrosion rate of 2500, 1010 and 850 mpy and 
polarization resistance of 10.23, 85.15 and 106.81 Ωm were recorded for the substrate, 100% epoxy, epoxy-2wt.% 
RHAnp. This anti-corrosion behavior obtained in this work was attributed to the presence of RHAnp which contain 
hard phase of SiO2 that covered the entire surface of the mild steel and prevent direct corrosion attack.  
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Figure 7: Tafel polarization curves for the corrosion 
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Figure 8: Variation in corrosion rate and resistance with sample condition 
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4.  Conclusions 
The work have provided new information on the rice husk waste management for potential used as anti-corrosion 
and wear resistance of coating of mild steel. Corrosion rate of 2500, 1010 and 850 mpy and polarization resistance 
of 10.23, 85.15 and 106.81 Ωm, wear rate of 0.00058, 0.00035 and 0.00024mm3/m were recorded for the substrate, 
100% epoxy, epoxy-2wt.% RHAnp. It was established in this work that waste rice husk can be used to increases the 
coating thickness, polarization resistance and hardness values, decreases the coefficient of friction, corrosion rate 
and wear rate of epoxy coated mild steel. 
 
5.0 ACKNOWLEDGEMENT 
The authors hereby appreciates and acknowledge the Africa Centre of Excellence for Sustainable Power and Energy 
Development, ACE-SPED, University of Nigeria,  Faculty of Engineering and Built Environment, University of 
Johannesburg, Auckland Park, South Africa for their support. 
 
 
References 
 
Bahrami, A., Soltani, N., Pech-Canul, M. I., & Gutiérrez, C. A. (2015). Development of metal-matrix composites 

from industrial/agricultural waste materials and their derivatives. Critical Reviews in Environmental Science 
and Technology, 46(2), 143–208. doi:10.1080/10643389.2015.1077067 has been added 

Ezema .I.C, Aigbodion.V.S   Okonkwo.E.G and Obayi.C.S Fatigue properties of value-added composite from Al-Si-
Mg/palm kernel shell ash nanoparticles, The International Journal of Advanced Manufacturing Technology 
(2020) 107:3247–3257 

Soltani, N., Bahrami, A., Pech-Canul, M. I., & González, L. A. (2015). Review on the physicochemical treatments of 
rice husk for production of advanced materials. Chemical Engineering Journal, 264, 899–935. 
doi:10.1016/j.cej.2014.11.056  

Suwanprateeb J, Hatthapanit K. Rice-husk-ash-based silica as a filler for embedding composites in electronic 
devices. Journal of Applied Polymer Science. 2002;86(12):3013-3020. 

Hassan. S.B. and Aigbodion. V.S. Microstructure And Mechanical Properties Of Carbonized Rice Husk 
Nanoparticles Reinforced Al-Cu-Mg Alloy Composite, Materials Science and Technology 2016 (MS&T16) 
October 23 – 27, 2016, Salt Palace Convention Center, Salt Lake City, Utah USA 

Fernandesa, I.J., Santos, R.V., dos Santosa, E.C.A., Rocha, T.L.A.C., Domingues Junior, N.S. and Moraes, C.A.M. 
Replacement of Commercial Silica by Rice Husk Ash in Epoxy Composites: A Comparative Analysis, 
Materials Research. 2018; 21(3): e20160562 

Aigbodion. V.S.; Development of Al-Si-Fe/Rice husk ash particulate composites synthesis by double stir casting 
method, Usak University Journal of Material Sciences 2 (2012) 187 – 19 

Pode, R. (2016). Potential applications of rice husk ash waste from rice husk biomass power plant. Renewable and 
Sustainable Energy Reviews, 53, 1468–1485. doi:10.1016/j.rser.2015.09.051  

Yao, X., Xu, K., and Liang, Y. (2016). "Comparing the thermo-physical properties of rice husk and rice straw as 
feedstock for thermochemical conversion and characterization of their waste ashes from combustion," BioRes. 
11(4), 10549-10564. 

Cuthbert F. Mhilu Analysis of Energy Characteristics of Rice and Coffee Husks Blends, International Scholarly 
Research Notices, 2014  

Ryoko Sekifuji & Masafumi Tateda Study of the feasibility of a rice husk recycling scheme in Japan to produce 
Silica fertilizer for rice plants 

Brostow, W., Dutta, M., & Rusek, P. (2010). Modified epoxy coatings on mild steel: Tribology and surface energy. 
European Polymer Journal, 46(11), 2181–2189. doi:10.1016/j.eurpolymj.2010.08.006  

Cui L J, Geng H Z, Wang W Y, Chen L T, Gao J. Functionalization of multi-wall carbon nanotubes to reduce the 
coefficient of the friction and improve the wear resistance of multi-wall carbon nanotube/epoxy composites. 
Carbon 54: 277–282 (2013) 

Ramezanzadeh.B. Arman.S.Y, Mehdipour.M Anticorrosion properties of an epoxy zinc-rich composite coating 
reinforced with zinc, aluminum, and iron oxide pigments, Journal of Coatings Technology and Research 
September 2014, Volume 11, Issue 5, pp 727–737 

 
 
 

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 752

https://www.hindawi.com/journals/isrn/
https://www.hindawi.com/journals/isrn/
https://www.hindawi.com/journals/isrn/contents/year/2014/
javascript:;
javascript:;
https://link.springer.com/journal/11998
https://link.springer.com/journal/11998/11/5/page/1


 
 
 
Biographies 
 
Professor Sunday Victor Aigbodion work with the Department of Metallurgical and Materials Engineering, 
University of Nigeria, Nsukka, Nigeria. He is a scholar of international repute and currently a visiting Professor to 
the University of Johannesburg as well as University of Benin Nigeria. Prof Aigbodion has published over one 
hundred and eighty-four (184) research papers in several local, international journals and conferences. He has also 
served as an external assessor to many international bodies among which are the National Center of Science and 
Technology Evaluation Ministry of Education and Science Astana, Republic of Kazakhstan, Anna University Centre 
for Research Chennai, India, University of Johannesburg, Nova Science Publishers Inc Hauppauge USA, National 
Research Foundation (NRF), South Africa, just to mention a few. Prof Aigbodion has headed and also a member of 
many accreditation teams in University and Polytechnic, Member, Council of Engineering and Regulation of 
Nigeria professional Registration interview team. Prof Aigbodion is a National Research Foundation (NRF) 
South Africa C3 rated researcher. 
 
Dr Paul A. Ozor obtained a bachelor’s degree (B.Eng) in Mechanical/Production Engineering at Enugu State 
University of Science and Technology, Nigeria in 2001. He worked as project manager with some engineering 
companies before proceeding to Department of Mechanical Engineering, University of Nigeria Nsukka (UNN), 
where he specialized in Industrial Engineering and Management. He obtained both Masters and PhD degrees in 
2008 and 2015, respectively from UNN. Dr Ozor is a winner of the prestigious TWAS-DST-NRF fellowship to 
University of Johannesburg, South Africa, and had been awarded the Association of Common Wealth Universitie’s 
(ACU) early career scholarship in 2014. His research interests include Industrial Operations modelling, Quality 
management, Systems Analysis, Reliability Engineering, with special emphasis on Maintenance, Failure mode 
effects and criticality analysis (FMECA), Safety and Risk assessment (SRA) as well as Environmental (Waste) 
influence modelling. Dr Ozor has over fifty peer reviewed publications and has visited countries in North America, 
Europe, Asia and Africa on research grounds. 
 

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 753


	Cuthbert F. Mhilu Analysis of Energy Characteristics of Rice and Coffee Husks Blends, International Scholarly Research Notices, 2014



