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Abstract—Rice husk extracts ability to reduce the corrosion 

rate of mild steel in 1 M H2SO4 solution was studied using 

weight loss technique. XRD analyzed silica structure of rice 

husk extracts. The Inhibitor was added in various 

concentrations (0, 10, 15, 20 and 25 ppm) at different immersion 

times (2, 4 , 6 and 8 h). The results obtained indicate that rice 

husk extract acts as a good inhibitor for mild steel. Rice husk 

extract was able to reduce corrosion rate up to 4.77 mmpy with 

inhibition efficiency exceeded 90 in 1 M H2SO4 solution. X-ray 

Diffraction (XRD) analysis shows the silica structure present in 

rice husk extracts is amorphous, thus makes it more 

environmentally friendly. 

 
Index Terms—Rice husk extract, bio corrosion inhibitor, 

natural resources.  

I. INTRODUCTION 

Corrosion is identified as one of the industrial problems, 

particularly for industries involving fluids in steel pipelines, 

cooling system, boiler feed water system, etc. [1]. One way to 

reduce corrosion effects is to use inhibitor. Application of 

inhibitor needs to be safe and environmentally friendly [2] 

Nowadays, research regarding natural products as 

corrosion inhibitor has received much attention. Natural 

products are not only environmentally friendly but also 

inexpensive and renewable [3]. Silica from rice husk extracts 

is one of the natural resources with the ability to reduce 

corrosion rate. Hence, it is necessary to be studied and 

developed. 

Silica is a compound with the ability to reduce corrosion 

rate, due to its muscular adhesion strength, a good barrier for 

diffusion water vapor, ions and oxygen on the surface of a 

metal and thus protects metal from corrosion. Also, silica has 

good thermal stability and chemical resistance [4]. Silica acts 

as an anodic inhibitor, which reduces corrosion rate through 

adsorption onto the metal surface and generates a thin 

protective layer [5]. 

Rice husk is one of the natural resources for silica. It is 

obtained from a by-product of paddy milling which produces 

65% rice, 20% rice husk and waste [6]. However, utilization 

of rice husk is not commercially widespread, due to its 

characteristics such as rough properties, low nutrition content, 

low density and high content of ash [7]. According to 
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composition data, rice husk contains 16.98% of silica [8]. 

Silica from plant extract exists in an amorphous structure, 

while silica in rocks, ashes or sands are in the crystalline 

structure. Amorphous silica has the random pattern and 

uneven atoms and molecules order. As a result, amorphous 

silica has complicated structure and high surface area (up to 

3m2/gram [9]. Moreover, amorphous silica is not toxic and 

eco-friendly, whereas crystalline silica is carcinogenic [10]. 

Previous research on silica from rice husk extract was 

conducted by Azwizar et al. [11]. Rice husk used was from 

Kedah, Northern Malaysia. This study was performed using 

carbon steel sample in distillate water as a medium, and the 

results reported inhibitor efficiency of 99% in 20 ppm 

concentration. 

In the current study, rice husk extracts ability to reduce the 

corrosion rate of mild steel was observed.  The investigation 

was conducted using mild steel sample in 1 M H2SO4 

solution as corroding medium, at room temperature. 

 

II. MATERIALS AND METHODS 

A Silica Preparation Methods 

Rice husk (Ciherang type) acquired from Cilegon, Banten, 

Indonesia, was used in this study. Rice husk was cleaned and 

burned at 973 K for two hours to isolate silica and remove 

any impurities. The result was white ash. Rice husk ash was 

passed through a 60-mesh sieve, weighed (10 gr) and 

extracted using reflux technique at 358 K using NaOH 1 M as 

a solvent for 1 hour. Rice husk extract was then filtered using 

filter paper to separate filtrate from residue. Afterward, to 

reach neutral pH (6.5 – 7), 1 M HCl was gradually added to 

the filtrate. Filtrate with neutral pH was held for eight hours 

to form a gel-like precipitate. After precipitation occurs, the 

remaining solution was filtered and dried in an oven at 378 K 

until it reached a stable weight. XRD analysis was then 

carried out to determine crystallinity of a sample. 

B Preparation of Silica Bio-Inhibitor Solution from Rice 

Husk Extract 

Silica powder and 1 M NaOH were prepared. Silica 

powder was then dissolved in 1 M NaOH solution in a beaker 

with various concentrations (10, 15, 20 and 25 ppm). 

C Silica from Rice Husk Extract Analysis 

X-ray Diffraction (XRD) was conducted to analyze 

amorphous properties of silica. 

D Mild Steel Preparation 

Mild steel with composition (%wt) 0,54Mn, 0,05Si, 0,01S, 

0,01P, 0,16C and the remaining Fe was used. Mild steel 
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sample (30 x 20 x 10 mm) was mechanically polished with 

abrasive SiC papers grade 200# - 1000#. A sample was 

washed with distillate water, rinsed with acetone and dried. 

The sample was subsequently weighed to determine initial 

weight. 

E Weight Loss Method and Analysis 

In the present work, weight loss technique was applied to 

evaluate the samples [10]. The sample was accurately 

weighed and was immersed in corroding medium 1 M H2SO4 

and silica rice husk extract as bio inhibitor with various 

concentrations (0, 10, 15, 20 and 25 ppm) for 2, 4, 6, and 8 h. 

After immersion, the sample was removed and cleaned with 

brushes under running water. The sample was dried and 

weighed to determine final weight. From the available data, 

weight loss was determined, and the corrosion rate was 

calculated as follows [11]: 

Apt

W87500x
(mmpy)CR


             (2.1) 

where CR is corrosion rate; ΔW is weight loss (gram); A is 

coupon surface area (cm2); ρ is the density of mild steel 

(gram/cm3), and t is immersion time (hours). 

Inhibition efficiency was determined using equation as 

follows: 
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III. RESULT AND DISCUSSION 

A. X-Ray Diffraction (XRD) 

Amorphous and crystalline properties can be determined 

by X-ray diffraction (XRD). Rice husk calcined at the 

temperature above 973 K generates crystalline silica [12], 

which can be identified by the presence of sharp peaks in 

XRD analysis. These sharp peaks imply regularity in the 

atomic structure of rice husk and structural change from 

amorphous to crystalline [13]. Silica with amorphous 

properties is depicted by broad peaks in XRD analysis. 
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Fig. 1.  XRD analysis of silica. 

 

XRD analysis shows broad peaks (Fig. 1). Therefore, it 

can be concluded that silica exists in the amorphous crystal. 

Several high peaks may be occured from NaCl content from 

neutralization process with HCl. Amorphous properties of 

silica indicate obtained silica is safe for the environment. 

Silica with a crystalline structure is carcinogenic and can be 

harmful to the environment, mainly living organism [14].  

The amorphous silica in various conditions is considered 

more reactive than the crystalline silica.  The degree of 

reactivity of the amorphous silica is due to the presence of 

hydroxyl group is present on the surface of a silica sample 

which causes the formation of a reactive region [15]. 

B. Effect of Concentration Inhibition Efficiency of the Rice 

Husk Extract. 

In the present work, various concentrations of rice husk 

extract were used (0, 10, 15, 20 and 25) ppm at room 

temperature. Table I presents the calculation of corrosion rate 

using weight loss technique. 

 
TABLE I: CORROSION RATES FOR VARIOUS CONCENTRATION AT 

DIFFERENT TIMES IMMERSION 

Concentration Corrosion rate mmpy   

ppm Time Immersion hours 
 

 
2 4 6 8 

0 140,47 184,54 206,89 253,74 

10 46,13 48,48 65,81 84,84 

15 45,28 46,82 58,67 55,68 

20 23,41 29,09 32,90 46,82 

25 4,77 25,07 31,22 34,60 

 

From Table I and Fig. 2, it was found that the corrosion 

rate decreases with increasing concentration of inhibitor. 

Longer immersion time exhibits a decreasing in corrosion 

rate. 
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Fig. 2. Graph plotting of corrosion rate as a function of concentration for 2, 4, 6 and 8 h immersion time 

 

Corrosion rate decreases with increasing concentration of 

bio-inhibitor. It may be caused by the presence of a 

significant amount of rice husk extract in corrosion medium 

(1M H2SO4) in the higher concentration of inhibitor. Rice 

husk extracts adsorb onto the surface of mild steel and form a 

protective layer as a result. This layer will hold oxygen on the 

surface of the mild steel.  

An immersion time of 2 h, inhibition efficiency increased 

from 67.16% to 96.60% with increasing concentration from 

10 ppm to 25 ppm. This result indicates that silica in rice husk 

extracts plays a significant role to reduce corrosion rate. It 

can be inferred from Fig. 3 and Table II, the addition of 

higher concentration led to an increase in inhibition 

efficiency. Inhibition efficiency is a parameter to measure the 

ability of inhibitor in protecting the surface of the mild steel. 

 
TABLE II. THE INHIBITION EFFICIENCY OF VARIOUS CONCENTRATION 

AT DIFFERENT TIMES IMMERSION 

Concentration The inhibition efficiency % 

 
ppm Time Immersion hours 

 

 

2 4 6 8 

10 67,16 73,73 68,19 66,56 

15 67,77 74,63 71,64 78,06 

20 83,33 84,24 84,10 81,55 

25 96,60 86,41 84,91 86,36 
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Fig. 3. Graph plotting of inhibition efficiency as a function of concentration for 2, 4, 6, and 8 h immersion time. 

 

IV. CONCLUSION 

1) Risk husk extract is an excellent corrosion inhibitor due 

to its ability to decrease corrosion rate of mild steel. 

2) Rice husk extract as the inhibitor was able to obtain the 

lowest corrosion rate at 4.77 mmpy in concentration 25 

ppm and two hours immersion time. Highest inhibition 

efficiency achieved is 96.60%. 

ACKNOWLEDGMENTS 

The authors would like to sincerely acknowledge 

Universitas Indonesia as the DRPM UI has supported this 

work for International Publication Indexed Grants for Final 

Projects (PITTA) 2018. 

International Journal of Chemical Engineering and Applications, Vol. 9, No. 4, August 2018

145



  

REFERENCES 

[1] A. Kadhum, A. Mohamad, L. Hammed, A. Al-Amiery, N. San, and A. 

Musa, “Inhibition of mild steel corrosion in hydrochloric acid solution 

by new coumarin,” Materials, vol. 7, no. 6, pp. 4335-4348, 2014. 

[2] M. Salasi, T. Shahrabi, E. Roayaei, and M. Aliofkhazraei, “The 

electrochemical behaviour of environment-friendly inhibitors of 

silicate and phosphonate in corrosion control of carbon steel in soft 

water media,” Mater. Chem. Phys., vol. 104, pp. 183-190, 2007. 

[3] K. W. Tan and M. J. Kassim, “A correlation study on the phenolic 

profiles and corrosion inhibition properties of mangrove tannins 

(Rhizophora apiculata) as affected by extraction solvents,”Corros. Sci, 

vol. 53, no. 2, pp. 569–574, 2011. 

[4] T. Ribeiro, C. Baleizao, and Farinha, “Functional Films from 

Silica/Polymer Nanoparticles,” Materials, vol. 7, no. 5, pp. 3881-3900, 

2014. 

[5] D. F. Houston, “1972 rice chemistry, and technology,” American 

Association of Cereal Chemist, vol. 4, Inc St.Paul, Minnesota USA. 

[6] D. Somaatmadja, 1980 Sekam Gabah Sebagai Bahan Industri, Badan 

Penelitian dan Pengembangan Industri. 

[7] S. Merdekani, Sintesis Partikel Nanokomposit, Prosiding Seminar 

Sains and Teknologi Nuklir PTNBR-Batan Bandung, 2013. 

[8] A. Chakraverty, P. Mishra, and D. Banerjee, “Investigation of 

combustion of raw and acid-leached rice husk for production of pure 

amorphous white silica,” J. Mater. Sci., vol. 23, no. 1, pp. 21-24, 1988. 

[9] D. A. Awizar, N. K. Othman, A. Jalar, A. R. Daud, I. A. Rahman, and N. 

H. Al-Hardan, “Nanosilicate extraction from rice husk ash as green 

corrosion inhibitor,” Int. J. Electrochem. Sci., vol. 8, no. 2, pp. 

1759-1769, 2013. 

[10] I. Astm, ASTM G 31-72 Standard Practice for Laboratory Immersion 

Corrosion Testing of Metals, 2010. 

[11] ASTM NACE/ASTMG 31-12a, Standard Guide for Laboratory 

Immersion Corrosion, Testing of Metals, ASTM International, West 

Conshohocken, PA, 2012. 

[12] J. Umeda and K. Kondoh, “High-purity amorphous silica originated in 

rice husks via carboxylic acid leaching process,” J. Mater. Sci, vol. 43, 

no. 22, pp. 7084-7090, 2008. 

[13] J. Umeda, I. Hisashi, et al., “Polysaccharide hydrolysis and metallic 

impurities removal behavior of rice husks in citric acid leaching 

treatment,” Transactions of JWRI, vol. 38, no. 2, pp. 13-18, 2009. 

[14] F. A. Tavassoli and P. Devilee, International Agency for Research on 

Cancer, World Health Organization PBB. 

[15] K. K. Alaneme, Y. S. Daramola, S. J. Olusegun, and A. S. Afolabi, 

“Corrosion inhibition and adsorption characteristics of rice husk 

extracts on mild steel immersed in 1m h2so4 and hcl solutions, Int. J. 

Electrochem. Sci., vol. 10, pp. 3553-3567, 2015. 

 

 
Marta Pramudita  is a doctoral student at 

Universitas Indonesia, Department of Chemical 

Engineering.  She was born on January 13, 1976.  

Her research interest  is bio corrosion inhibitor.  

 

 

 

 

 

Sukirno is a associate professor of chemical 

engineering at Universitas Indonesia. His research 

interest is utilization of palm oil into several kind of  

bio-lubricant. 

 

 

 

 

 

Mohammad Nasikin is a professor of chemical 

engineering at Universitas Indonesia and joint as a 

lecturer at the university since 1985. His research 

interests include reaction engineering and catalysis 

especially for conversion of natural resources to 

higher added value materials. He has documented 

many papers and patents. He has license patent that 

be used in a chemical industry.  

 

 

 

 

 

International Journal of Chemical Engineering and Applications, Vol. 9, No. 4, August 2018

146

http://xueshu.baidu.com/s?wd=paperuri%3A%2865efcaa5f0028e2d1d1aeab9ef8a7ab9%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0254058407001708&ie=utf-8&sc_us=15056163583206779197
http://xueshu.baidu.com/s?wd=paperuri%3A%2865efcaa5f0028e2d1d1aeab9ef8a7ab9%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0254058407001708&ie=utf-8&sc_us=15056163583206779197
http://xueshu.baidu.com/s?wd=paperuri%3A%2865efcaa5f0028e2d1d1aeab9ef8a7ab9%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0254058407001708&ie=utf-8&sc_us=15056163583206779197
http://xueshu.baidu.com/s?wd=paperuri%3A%2865efcaa5f0028e2d1d1aeab9ef8a7ab9%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0254058407001708&ie=utf-8&sc_us=15056163583206779197
http://xueshu.baidu.com/s?wd=paperuri%3A%2834ac297756c4bdc17778b384dd1ed4c1%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0010938X1000507X&ie=utf-8&sc_us=3248971820173510111
http://xueshu.baidu.com/s?wd=paperuri%3A%2834ac297756c4bdc17778b384dd1ed4c1%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0010938X1000507X&ie=utf-8&sc_us=3248971820173510111
http://xueshu.baidu.com/s?wd=paperuri%3A%2834ac297756c4bdc17778b384dd1ed4c1%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0010938X1000507X&ie=utf-8&sc_us=3248971820173510111
http://xueshu.baidu.com/s?wd=paperuri%3A%2836d6f1a6fcd42ee87fd9231f3f4107f9%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F28788655&ie=utf-8&sc_us=1703735563939314114
http://xueshu.baidu.com/s?wd=paperuri%3A%2836d6f1a6fcd42ee87fd9231f3f4107f9%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F28788655&ie=utf-8&sc_us=1703735563939314114
http://link.springer.com/article/10.1007/BF01174029
http://link.springer.com/article/10.1007/BF01174029
http://link.springer.com/article/10.1007/BF01174029
http://xueshu.baidu.com/s?wd=author%3A%28P.%20Devilee%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson

