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                                         INTRODUCTION 
1. INTRODUCTION

             Rapid growth in population coupled with industrial and technological developments is leading towards the depletion of limited fossil fuel resources of the world. Hence an alternative fuel sources is very important to meet the demands on fossil energy. The development of new technologies for processing and using biofuels is steadily progressing.
            Among all the renewable energy sources , biomass is the only resource that  can be converted in a  relatively direct way into fuels. Bioenergy   is energy derived from biofuels.Biofuels are  fuels produced directly or indirectly from organic material –biomass-including plant materials and animal waste.
            Biofuel  production and consumption ensures that the natural carbon cycle to be 100% achieved which completely eliminates the continuous increase in carbon dioxide rates in the atmosphere which in turn will have the greatest effect on the environment and a way to end global warming.

              Primary biofuels such as fuel wood, wood chips and pellets, organic materials used in an unprocessed form, primarily for heating, cooking or electricity production. Secondary biofuels results from processing of biomass and include liquid biofuels such as ethanol and biodiesel that can be used in vehicles and industrial processes.

1.1 BIOFUEL FROM WASTE COOKING  OILS

                  There is a large variety of waste oils available for biofuel production. In general these waste  oils are inexpensive and offer an additional  environmental impact by  using substances which would otherwise have to be disposed. The origin of the oil can be characterized by three types:

· Waste oil from household and restaurants

· Waste oil from food industry 

· Waste oil from non-food industry

              Rape, soybean,palm  and coconut oils are the waste oils most frequently  used in biodiesel production. The use of these waste vegetable oils requires additional processing to filter out residues and to handle the acids produced by high temperatures.
1.2 BIODIESEL

             The Concept of using vegetal oil as an engine fuel likely dates when Rudolf Diesel (1858-1913) developed the first engine to run on peanut oil, as he demonstrated at the World Exhibition in Paris in 1900. Unfortunately, R. Diesel died 1913 before his vision of a vegetable oil powered engine was fully realized.

            “ The use of vegetable oils for engine fuels may seem insignificant today. But such oils may become in the course of time as important as the petroleum and coal tar products of the present time"
                                                                                              -   Rudolf Diesel, 1912
1.2.1 PROPERTIES OF BIODIESEL 
· Biodiesel  is a liquid ,which varies in color-between golden dark brown-depending on the production feed stock.

· It is immiscible with water ,has high boiling point and low vapour pressure.

· Biodisel has a density of ~0.88g/cm3,  less than that of water.

· Biodiesel has virtually no sulphur content, and it is often used as an additive to ultra-low sulphur diesel (ULSD) fuel.
1.2.2 BIODIESEL EMERGES AS A GLOBAL INDUSTRY 
                      The global markets for biodiesel are entering a period of rapid, transitional growth, creating both uncertainty and opportunity. The first generation biodiesel markets in Europe and the US have reached impressive biodiesel production capacity levels, but remain constrained by feedstock availability. In the BRIC nations of Brazil, India and China, key government initiatives are spawning hundreds of new opportunities for feedstock development, biodiesel production, and export. In the year 2007, there were only 20 oil producing nations supplying the needs of over 200 nations. By the year 2010, more than 200 nations will become biodiesel producing nations and suppliers,said Thurmond. "The world is entering a new era of participation by emerging market nations in global green energy production for transport fuels."
1.2.3   CHEMICAL COMPOSITION OF BIODIESEL
                     The chemical composition (carbon-C, hydrogen-H and oxygen-O), the C/H ratio and the chemical formula of biodiesel and biodiesel produced from different feedstocks.Composition of feedstock varies slightly depending on the feedstock it is produced from. The most significant difference between biodiesel and diesel fuel composition is their oxygen content, which is between 10% and 13%.Biodiesel is in essence free of  sulphur.(Gisela Montero  and Margarita Stoytcheva 2011)
1.2.4 BIODIESEL PRODUCTION
          Biodiesel can be made from new or used vegetable oils and animal fats, which are nontoxic, biodegradable, and renewable. Fats and oils are chemically reacted with an alcohol (methanol is most commonly used in the United States) to produce chemical compounds known as fatty acid methyl esters. Biodiesel is the name given to these esters when they are intended for use as fuel. Glycerin (used in pharmaceuticals and cosmetics, among other markets) is produced as a co-product.
            Biodiesel can be produced using a variety of esterification technologies. The oils and fats are filtered and preprocessed to remove water and contaminants. If free fatty acids are present, they can be removed or transformed into biodiesel using special pretreatment technologies. The pretreated oils and fats are then mixed with an alcohol (usually methanol) and a catalyst (usually sodium hydroxide or potassium hydroxide). The oil molecules (triglycerides) are broken apart and reformed into methyl esters and glycerin, which are then separated from each other and purified. Roughly speaking, 100 pounds of oil or fat are reacted with 10 pounds of a short-chain alcohol (usually methanol) with a catalyst to form 100 pounds of biodiesel and 10 pounds of glycerin
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Figure 1. Process Flow Schematic for Biodiesel Production




1.2.5 ADVANTAGES OF BIODIESEL

The advantage of blending biodisel includes that:

· It is renewable.

· It is energy efficient.

· It is non toxic, biodegradable and suitable for sensitive environment.

· It can be used in most diesel equipment.

· It reduces global warming emissions.

· It is produced domestically from either agricultural or recycled resources.

· It can be distributed into the existing diesel fuel storage distribution network.

· It can be used as a blend stock for diesel fuel and heating oil(www.biodiesel.org).
1.2.6 WHY WE USE BIDIESEL  AS  FUEL

                     Scietific research confirmed that the use of biodiesel has less harmful impact on human body. When regular fuel is used, out of all the chemicals that are emitted there are two major components responsible for cancer in human body. Biodiesel reduce the emission of those components by at least 13%. 

Biodiesel has lots of positive impacts on human body and environment. It is a time we use this alternative fuel much higher scale.

                     There are two main environmental benefits of using biofuels in place of fossil fuels. First, because they are renewable, biofuels offer the potential for long-term, relatively cheap, secure energy supplies. Second, biofuels can contribute significantly less to greenhouse gas emissions in their production and use than oil or natural gas.So-called second generation biofuels. The use of biofuel also reduces the dependence on petroleum and enhances energy security.

1.3 MILD STEEL

         Mild steel is the most common form of steel because its price is relatively low while it provides material properties that are acceptable for many applications and mild steel contains 0.16–0.29% carbon; therefore, it is neither brittle nor ductile. Mild steel has a relatively low tensile strength, but it is cheap and malleable; surface hardness can be increased through carburizing. 

            It is often used when large quantities of steel are needed, for example as structural steel. The density of mild steel is approximately 7.85 g/cm3 (7850 kg/m3 or 0.284 lb/in3) and the Young's modulus is 210 GPa (30,000,000 psi)

[image: image7.jpg]


     [image: image8.jpg]


         [image: image9.jpg]



                               Figure (2)   variety of mild steel samples 

1.3.1 CHARACTERISTICS OF MILD STEEL

                 Mild Steel is one of the most common of all metals and one of the least expensive steels used. It is to be found in almost every product created from metal.
It is weldable, very durable (although it rusts), it is relatively hard and is easily annealed.

              Because of its poor resistance to corrosion it must be protected by painting or otherwise sealed to prevent it from rusting. At worst a coat of oil or grease will help seal it from exposure, and help prevent rusting.

             Being a softer metal it is easily welded. Its inherent properties allow electrical current to flow easily through it without upsetting its structural integrity. This is in contrast to other high carbon steels like stainless steel which require specialized welding techniques .

1.4 CORROSION ISSUES IN BIODIESEL 

                    Corrosion of construction material plays a critical role in  the economic performance and  growth of process industries. Corrosion normally occurs in metals and alloys when they come into contact with chemicals and corrosive gases. Non-metallic materials (eg: plastics and ceramics) fail through deterioration when exposed to certain environments. The deterioration occurs because the compound is susceptible to swelling, crazing, cracking, softening or some other phenomenon that is physico-chemical in nature.

           Mild steel is employed widely in most industries due to its low cost and availability in ease for the fabrication of various reaction vessels such as ,storage tank cooling tower tank, pipelines etc.

           Most corrosion issues have been observed in fuel storage tank. As a fuel tank is emptied, air enters through the vent pipes to displace the fuel in the tank. Free water may enter from carry-over from the fuel distribution system or leakage through the fill cap, and through the spill containment valve or piping. Entry of moist air and/or accumulation of water in the tank lead to condensation of water creating conditions susceptible of corrosion.

            In order to limit the contamination of air in the tank, biodiesel is not stored in partially filled tanks for prolonged duration. If prolonged period of storage is required nitrogen blanket may be used. Additionally, desiccant filters are used on the vents to reduce moisture and particulate contamination preventing the creation of corrosion conditions. To decrease the probability  of creating   condition for corrosion, tanks are designed with a bottom drainage  valve to drain water accumulated at the bottom of the tank.

           If corrosion is not an issue, the least expensive material with the appropriate mechanical properties is usually selected. In the presence of corrosion , one must know the  nature of the process, all the operating variables, and factors such as temperature,pH,oxidizing agents, stress flow conditions and containments. Prediction and assessment of the extent of service life for a component is not possible without a clear understanding of the corrosion mechanism involved in the application. Hence the present work is proposed to deal with the corrosion of mild steel in used ground nut oil.    

1.5 GROUND NUT OIL    

               Groundnut (Arachis Hypogaea) is  also known as peanut .Peanut are the world’s fourth largest oil seed crop. It accounts for 8.7% of major oil seed production. The  major producers are china, India and the united states  which together account for 70% of world production. Groundnut oil is a mild tasting vegetable oil derived from peanuts. The oil is available in refined, unrefined, cold pressed, and roasted varieties, the latter with a strong peanut flavor and aroma, analogous to toasted sesame oil.     
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Figure (3) Ground nut oil and Ground Nut Tree
                Nowadays, used vegetable oil from fast food restaurant and food processing plants such as potato processing plants are also being investigated as potential source of biodiesel. Hence the present work aims at studying the material behaviour (mild steel) in used groundnut oil which was collected from a fast food restaurant in Coimbatore    
                                                        1.6 OBJECTIVES

· To characterize the used groundnut oil and compare with  ASTM 6751 standard.

· To find out the composition  of metal.

· To conduct a systematic study to test the corrosivity of reused groundnut oil on mild steel.

· To evaluate the corrosion rate of mild steel in 3% NaCl.

· To evaluate the corrosion rates of mild steel in  reused groundnut oil and  its blend with  commercial diesel for a period of 100 hours at room temperature by mass loss method.

· To measure the conductivity of the test solutions before and after exposure of mild steel in the solutions.

· To carry out the linear polarization studies to evaluate the corrosion rate continuously for a  period of 24 hours for mild steel.

· To compare the corrosion rate obtained by mass loss method with that obtained by linear polarization method.

· To determine the wettability of oil on mild steel using contact angle method.

· To analyze the surface morphology of the metal coupons using inverted metallurgical microscope.

· To determine the emulsion inversion point by conductance measurements of oil and brine solution.

“Books are the carriers of civilization. Without books, history is silent, literature dumb, science crippled, thought and speculation at a standstill.”

                                                    Barbara W. Tuchman quotes
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REVIEW OF LITERATURE 

2. REVIEW OF LITERATURE

            Biodiesels have gained widespread acceptance because they are domestically produced carbon-neutral fuels that ultimately decrease greenhouse gas emissions and reduce dependence on fossil imports. While they are     chemically and physically stable fuels, their susceptibility to biological degradation in the absence of oxygen is under explored. Hence, it is important to understand  biodiesel-materials  interaction  in various stages.This reviews the corrosion issues of  various biodiesels  dealt by various scientists.
· A.R. Abdul Aziz  et al.,2012 have aimed to analyse the performance of biodiesel fuels obtained from UDWO(Used domestic waste oil) and to demonstrate the suitability of applying these fuels as substitutes to mineral diesel in various  industries. Benefits of UDWO as a biodiesel feedstock were as well highlighted. potentiodynamic anodic polarization techniques.
· Muhammad N et al., 2011  investigated the effect of temperature and time for biodiesel production from the lipid of wastewater sludge. The yield and quality of the FAME (fatty acid methyl ester)  were determined by gas chromatography.
· The effects of operating  process conditions such as methanol to oil molar ratio, reaction temperature and catalyst loading on biodiesel production in the presence of Sr/ZrO2 were investigated by Wan Nor Nadyaini Wan Omar et al., 2011.
· S.D. Zhu  et al., 2011 have studied the  corrosion behaviour of N80 carbon steel in formation water containing CO2  polarization curve technique, electrochemical impedance spectroscopy, weight loss test, scanning electron microscope, and X-ray diffraction. Effects of temperature and acetic acid concentration on the corrosion behaviour of N80 carbon steel were discussed. 
· Ivanilda Ramos de Melo  et al.,2011 have examined the corrosion behavior of  cylinders made of AISI-1020 carbon steel with an exposed area of 1587mm2, water, and water associated with B3 fuel.The formation of biofilms was detected, and biocorrosion was detected on AISI-1020. The results showed a variation in sessile microflora during the experiments. In the biofilms, a significant concentration of aerobic, anaerobic, IOB, Pseudomonas aeruginosa, and sulfate-reducing bacteria was observed. The corrosion rates varied between 0.45±0.01 and 0.12±0.01mm/year, depending on the experimental conditions.
· H.N.Meenakshi et al., 2010 have investigated the  corrosion rates of aluminium , copper, brass, and carbon steel  in biodiesel obtained from pongamia  pinnata.

· I.J. Park  et  al.,2010  have examined the effects of dissolved oxygen on the corrosion properties of aluminum cast alloy, A384, in bio-ethanol blended gasoline fuel at 100 °C.
· H.H. Masjuki  et  al .,2010  have aimed to compare the corrosion behavior of aluminum, copper and stainless steel in both petroleum diesel and palm biodiesel. Immersion tests in biodiesel (B100) and diesel (B0) were carried out at 80 °C for 1200 h. At the end of the test, corrosion characteristic was investigated by weight loss measurements and changes on the exposed metal surface.
· Haydée Quiroga Becerra  et al ., 2010 have studied the effect of the oil content on the corrosion of AISI-SAE 1010 carbon steel in oil-in-water emulsions under controlled hydrodynamic conditions by means of potentiodynamic polarization and electrochemical impedance spectroscopy (EIS).
· Alessandra Regina Pepe Ambrozin  et al.,  2010  investigated the galvanic corrosion of zamak in alcohol fuel and in some alcoholic solutions that contained ionic impurities. The results showed that corrosion of zamak mainly occurred in solutions with high levels of water and impurities The increasing of both pH and conductivity of the alcohols was observed. The results showed that the contact between zamak and some materials must be avoided and the quality control of alcohol fuel must be assured as a way of avoiding damages on engines and storagetransportation fuels systems.

· M.A. Fazal  et al.,2010   have aimed to compare the corrosion behavior of aluminum, copper and stainless steel in both petroleum diesel and palm biodiesel. Immersion tests in biodiesel (B100) and diesel (B0) were carried out at 80 °C for 1200 h. At the end of the test, corrosion characteristic was investigated by weight loss measurements and changes on the exposed metal surface. Surface morphology was examined by optical microscope.
· Muhammad Ashraf  et al.,2010 Transesterification of the tested okra seed oil under optimum conditions: 7:1 methanol to oil molar ratio, 1.00% (w/w) NaOCH3 catalyst, temperature 65 °C and 600 rpm agitation intensity exhibited 96.8% of okra oil methyl esters( FAMFS )yield. Fuel properties of FAMFS such as density, kinematic viscosity, cetane number, oxidative stability, lubricity, flash point, cold flow properties, sulfur contents and acid value were comparable with those of ASTM D 6751 and EN 14214. It was concluded that okra seed oil is an acceptable feedstock for biodiesel production.
· S.P.Singh  et al .,2009 have  reviewed the source of production and characterization of vegetable oils their methyl ester as the substitute of the petroleum fuel and future  possibilities of  biodiesel production.
· L. Díaz-Ballote  et al., 2009 evaluated the corrosion behavior of aluminum was exposed to biodiesel with different levels of contaminants and impurities, conventional electrochemical techniques. It was found that the corrosion behavior of aluminum in biodiesel contaminated with alkalis is similar to the corrosion behavior of aluminum in aqueous solutions. In addition, it was demonstrated that corrosion of aluminum can be used as a quantitative indication of the biodiesel purity.
· A.S.M.A. Haseeb  et al ., 2009 have investigated corrosion behavior by weight loss measurements and changes in surface morphology. Fuels were analyzed by using TAN analyzer, FTIR, MOA (multi-element oil analyzer) to investigate acid concentration, oxidation level with water content and corrosive impurities respectively. Results showed that under the experimental conditions, pure copper was more susceptible to corrosion in biodiesel as compared to leaded bronze.
· Maan Hayyan  et al ., 2009 have investigated the effect of DES:biodiesel ratio and the DEScomposition on the efficiency of the extraction process. The lab scale purification experiments proved the viability of the separation technique with a best DES:biodiesel molar ratio of 1:1 and a DES molar compositionof 1:1 (salt:glycerine). The purified biodiesel fulfilled the EN 14214 and ASTM D 6751 standard specificationsfor biodiesel fuel in terms of glycerine content. A continuous separation process is suggested for industrial scale application.
· Hong Li et al., 2009  compared the  catalytic cracking with thermal cracking on production of gaseous hydrocarbon and gasoline conversion by cottonseed oil. The difference on composition of products from catalytic cracking and thermal cracking was also discussed.
· P.C. Okafor  et al., 2009   investigated the corrosion inhibition and adsorption behaviour of 2-undecyl-1-ethylamino imidazoline (2UEI) on N80 mild steel in CO2-saturated 3% NaCl solutions using potentiodynamic polarization, electrochemical impedance spectroscopy techniques and SEM observation.
· Gerhard Knothe  et al.,2009 prepared biodiesel  from cottonseed oil by transesterification with methanol, using sodium hydroxide, potassium hydroxide, sodium methoxide and potassium methoxide as catalysts. A series of experiments were conducted in order to evaluate the effects of reaction variables such as methanol/oil molar ratio (3:1–15:1), catalyst concentration (0.25–1.50%), temperature (25–65 °C), and stirring intensity (180–600 rpm) to achieve the maximum yield and quality.
· Anh N. Phan  et al.,2008 carried out the  alkali-catalyzed transesterification of waste cooking oils, collected within Ho Chi Minh City, Vietnam, with methanol in a laboratory scale reactor. The effects of methanol/waste cooking oils ratio, potassium hydroxide concentration and temperature on the biodiesel conversion were investigated. The results showed that the biodiesel experienced a higher but much narrower boiling range than conventional diesel.
· Geller, Daniel P et al.,2008 examined the  corrosive effects of poultry fat and diesel fuel mixtures on vaccum metals. It was found that brass and copper  were susceptible to attack by these fuels where as 316 stainless steel and carbon steel were not.
· L. Díaz-Ballote et al.,2008  have found that  corrosion behaviour of aluminium in biodiesel contaminated with alkalis  is similar to the corrosion behaviour of aluminium in aqueous solutions.In addition, it was demonstrated that corrosion of aluminium can be used as a quantitative indication of the biodiesel  purity.
· Umer Rashid,et al.,2007  have reported an optimized protocol  for the production of biodiesel through alkaline -catalysed transesterification of rapeseed oil. The evaluation of the transesterification process was followed by gas chromatographic analysis of the rapeseed oil fatty acid methyl ester(biodiesel) at different reaction times.
· Pereira et al .,2007 have investigated the electric energy  generation  using blends of diesel and soybean biodiesel.The  soybean biodiesel was produced by a transesterification process of the soybean oil using methanol in the presence of a catalyst(KOH) .The properties (density,flash point,viscosity,cetane index,copper strip corrosion and ash content) of the diesel and soybean biodiesel were determined .The  exhaust emission of gases (CO,CO2.CX HY,O2,NO.NO2) were also measured.It has also been observed that the emission ofCO,CX HY and SO2 decreases in the case of diesel-soybean biodiesel blends.
· M. Natesan et al ., 2006 have studied the atmospheric corrosion behaviour of commercially available engineering materials such as mild steel, galvanized iron, zinc and aluminium metals  in marine, industrial, urban, and rural environments by weight loss method .The results of these studies demonstrated that galvanized iron, zinc and aluminium metals were several times more durable than mild steel.
· Adelina .J. Son,2007  The laboratory evaluation ,often referred to as residual analysis provides quick monitoring of the adequacy of treatment levels of corrosion inhibitors in different applications,time of dispersion or travel through fluids as well as efficiency of the inhibitor.
· Eryilmaz  et al .,2007 to determined the physical properties (namely kinematic viscosity,flash point ,cloud point, pour point ,freezing point, copper strip corrosion) of biodiesel fuels derived from soybean oil, rapeseed oil and palm oil.in addition , the engine performance with these biodiesel fuels were compared with the engine performance with normal diesel fuel.
· N.Muthukumar et al.,2007 studied the biodegradation in a  diesel-water interface employing three biocides.The biocidal efficiency against degradation  of diesel was examined by employing Fourier Transform  infrared spectroscopy,Nuclear Magnetic Resonance Spectroscopy Gas Chromatography,Mass Spectrometry Techniques.
· Hitoshi et ai.,2007 have evaluated the properties of biodiesel fuel and biodiesel blended diesel oil.The low temperature performance of palm oil methyl ester (PME) was poor and it affects low temperature performance,even if the PME blending rate was low.PME contains mainly saturated fatty acids methyl esters ,so the oxidation stability was better than other fats and oils.
· Dong Chen et al., 2007 have investigated aluminium corrosion experimentally at both bench and pilot scale under conditions representative of several types of nuclear power plants. Evidence of corrosion was determined using aqueous concentrations measured with inductively-coupled plasma (ICP) spectrometry and surface examinations using scanning electron microscopy (SEM), energy dispersive spectrometry (EDS), X-ray photoelectron spectrometry (XPS), X-ray fluorescence (XRF), and X-ray diffraction (XRD).
· Mangesh .G .Kulkarni et al.,2006 have reviewed  method for the transesterification of waste cooking oil and the performance of biodiesel obtained from waste cooking oil in a commercial diesel engine  and also examined the basic chemistry involved during frying and the effect of the products formed in the frying process on biodiesel quality.
· D.Y.C. Leung et al.,2006 have  studied the influence of the physical and                                                                          chemical    properties of the feedstock oils on the alkaline-catalyzed transesterification process and determined the optimal transesterification reaction conditions that produce the maximum ester content and yield
“Action may not always bring happiness but there is no happiness without action”  

                                                        Disraeli
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                          MATERIALS AND METHODS

3.MATERIALS AND  METHODS

               To determine the outcome of any research work, selection of method and materials are vitally important. Following are the material chosen and methodology adopted in the present work.
3.1 SELECTION OF SAMPLE:
                 Mild steel is employed widely in most industries due to its low cost and availability in ease for the fabrication of various reaction vessel such as cooling tower tanks, pipelines etc.Mild steel is a  reactive metal to reduce the corrosion problem in these environment inhibitive effects.
3.2 PREPARATION OF SAMPLE

                   The sheet of cold rolled mild steel, which is commercially available in the market, was machined into coupons of area 33.94cm2 .Holes were drilled on the center of the one side of all the coupons for suspension. These coupons were degreased, cleaned with emery paper and washed with distilled water. The panels were stored in dessiccators in the absence of moisture before their use for the investigation.
Table-1

3.3 COMPOSITION OF MILD STEEL

	S.NO
	ELEMENT
	% OF CHEMICAL COMPOSITION



	1

2

3

4

5

6

7

8

9
	CARBON

MANGANESE

SILICON

PHOSPHOROUS

SULPHUR

CHROMIUM

MOLYBDENUM

NICKEL

IRON
	0.102

0.222

0.011

0.030

0.026

0.003

0.035

0.008

99.6


3.4 OIL CHARACTERIZATION PROCEDURE:

                Reused  groundnut oil was collected from a restaurant at  Coimbatore. The characterization of  the oil was performed as per ASTM  D6751 Inspection and Testing  Laboratory Ciombatore.  

3.5  TECHNIQES ADOPTED

3.5.1 MASS LOSS METHOD:

               Metal coupons were accurately weighed in an electronic balance (SHIMADZUAUW22OD) and fully immersed in 200ml of test media for a period of 100hrs.

The various test media used for the study is as follows :
O100  
[image: image14.wmf]       100%oil

O99    
[image: image15.wmf]        99%oil1+%of3%NaCl 

NaCl  
[image: image16.wmf]      3%NaCl       

  CD  
[image: image17.wmf]     commercial diesel

   O5  
[image: image18.wmf]       5ml oil + 95ml CD

  O10 
[image: image19.wmf]      10ml oil + 90ml CD

  O20 
[image: image20.wmf]     20ml oil + 80ml CD

          Specimens were removed after the set intervals of time . They were washed with distilled water, dried and reweighed. The mass loss was determined in triplets in each test media. The corrosion rate was calculated from the following equation.

                                                          3.45 * mass loss (grams)

Corrosion rate (mpy) =      

                                          Density (g/cm3) * Area (cm2) * Time (hours)
3.5.2 CONDUCTIVITY MEASUREMENT:

                    The  conductivity  of various test solutios were  was  measured using conductivity  meter (EQIPTRONICS Model NO EQ-660A)before and after exposure of coupons  and wiped off the excess oil. The coupons were cleaned with trichloroethylene and then immersed in Conc.HNO3 for 3minutes.                                     

3.5.3  EMULSION INVERSION POINT
                EIP was determined by measuring the conductivity of the solution. Oil has a high resistance in composition to NaCl and thus the emulsion inversion point can be determined by finding the point at which the resistance of the emulsion drops. Test solution was placed in an electromagnetic stirrer and continuously stirred for 20 minutes. The conductivity was measured at 2 minutes interval. These steps were repeated with different oil/NaCl ratio, starting with 100% oil and progressively increasing the water content in steps of 10% until 100% NaCl was reached.
3.5.4 WETTABILITY - CONTACT ANGLE METHOD
                 Metal samples were polished and cleaned first with distilled water and with ethanol. The samples were then placed in a non- reflecting rectangular glass tank containing distilled water and the oil was injected through a syringe into the water so that it would adhere to the sample surface. The contact angle was measured through the water phase. The photograph of the oil droplet on the metal surface was taken. On a printed photograph a horizontal line was drawn at the base of the droplet with the metal surface two tangents were drawn. The two exterior angles between the base and the tangents are measured with a protractor.
3.5.5 LINEAR POLARIZATION RESISTANCE  MEASUREMENT     
        [image: image21.jpg]




                Figure(4)  Solatron 1280 B

A frequency response analyzer 1280B (SOLATRON) and an IBM personal computer which automatically controls linear polarization was used for the polarization study. The data were analyzed using computer software. The cell for  the polarization studies was a glass beaker containing the aerated unstirred test solution with a platinum electrode as the counter electrode a saturated calomel electrode as  the reference  electrode and the  mild steel as   the working   electrode.
                         The metal coupons (of same composition in the mass loss method) were degreased, cleaned with fine quality emery sheet washed with distilled water. The linear polarization measurements were carried within the potential range of – 0.02 V to + 0.02 V (scan ratio 0.1667m V/s) with respect to open circuit potential. The corrosion rate was measured every hour for 24 hours. From the polarization resistance (Rp) values, the corrosion rate were calculated.

                                                                   βa. βc

Corrosion current Icorr = 1/ Rp    

                                                              2.303( βa+ βc)                                                            

Where

βa  -  Anodic Tafel slope 

βc -   Cathodic Tafel Slope

         Assuming value of 120V  for both  βa and βc the above equation is reduced to Icor = 26/ Rp. From the corrosion current, corrosion rate was calculated using the ASTM G5  standard.
3.5.6 SURFACE MORPHOLOGY

          The changes in surface morphology of pure mild steel exposed to various test media was characterized by Inverted metallurgical microscope KOZO optics model XJM 404T.

“The discussion is a result of the boycott from last spring. [Students] didn't think that they were used for anything. Perfectly excellent professors were being replaced by tenure track professors.”

                                                                      Adam Marcoux quotes
                                                         [image: image22.jpg]




                            RESULTS AND DISCUSSION
4. RESULTS AND DISCUSSION

           The environmental,social and economic advantages of biofuels  including lower emissions of harmful pollutants  decreased  green house gas emission,increased employment and energy security,decrased dependence of oil imports and good fuel properties for vehicles are a few research for using biofuels as alternative fuels.At the same time,corrosion of metals  used in biodiesel is becoming an increasing concern

(Wei Wang et al.,2010. Considering the above facts, in this work  corrosion of reused UGNO –biofuel on mild steel has been investigated.

  4.1 STANDARDIZATION OF  BIOFUEL

           Standardization of biodiesel is important so that engine manufacturers have referenced fuel for engine system development.Today,the most widely used standard ASTM D6751-03.To meet ASTM D6751 standard, a biofuel sample should satisfy specification of a sequence of test including flash point ,water and sediment,kinematic viscosity,sulphated ash, sulfur content, copper strip corrosion, carbon residue, free glycerin, total glycerin, phosphorous content ,acid number and distillation temperature (Sandun Fernando et al., 2007).The UGNO-biofuel used  in this study has passed to the ASTM standard for most properties. Table(2)  compares the properties of UGNO with that of ASTM D6751 standard.
          However higher the acid number than the ASTM requirement may be attributed to the presence of free fatty acid in the nonesterifying UGNO.

 4.2 CORROSION RATES OF MILD STEEL IN UGNO
4.2.1 MASS LOSS MEASUREMENTS

               Most corrosion studies used Weight Loss Measurement as the traditional method to characterize the corrosion rate of plate metals  in the present work too.Metal coupons  were exposed to various test media and the corrosion rate was calculated through Mass Loss Measurements.

             Biodiesel is considered chemically stable in pure form (J.A.Melero et al.,2010).But it can become more corrosive during storage and transportation and when it degrades through moisture absorption. Water contamination due to condensation is considered to be one of the main corrosion factors for storage containers and pipelines.

              The susceptibility of a steel surface to corrosion in the presence of water and biofuel is primarily controlled by three factors.

· The corrosivity of brine in the presence of oil.

· The emulsion of the oil and water.

· The wettability of steel surface.
                  Hence, the Mass Loss Studies have been carried out for mild steel coupons 
 Statically for 100hrs in 3% NaCl ,O100 and O99.  The conductivities of the test solutions before and after the metal panels were exposed to the corrosion atmospheric were also measured. The corrosion rate and conductivities are tabulated in the table (3).The corrosion rates are maximum in NaCl and the values are least in O100.The corrosion rate in O99 is slightly increased when compared to the corrosion rates in O100.
(Aktas et al.,)                
                The low corrosion rates of mild steel in O100 may be attributed to the non-ionic nature of the ground nut oil. During the storage of biodiesel in steel tanks and transportation through steel pipe lines, the oil wets the steel surface since it has a strong affinity to be in contact with the carbon steel and oil-wet surface physically isolate the pipe and hence corrosion does not occur.
               When 1ml of 3% NaCl is added to UGNO, the corrosion rate increased. The addition of NaCl represents the presence of water. At low concentration of water,UGNO forms a Water-in- Oil  emulsion. At this condition, oil in the continuous phase and water is entrapped inside the oil. Thus the metal is still in contact with the oil and hence a non-corrosive stage prevails.
              Since wet corrosion is electrochemical in nature, there is a direct correlation between the corrosivity of  the medium and conductance. The highly corrosivity of the medium and conductance. The highly corrosive brine solution has higher conductance. The non-ionic, on corrosive O100  indicating that the addition of 1ml of NaCl forms only a Water-in-oil emulsion.

          The higher conductance of NaCl solution after the exposure of the carbon steel than that before indicates the increased ionic content of the solution due to corrosion of Mild Steel. The conductivities of O100 and O99 remained the same establishing the corrosion resistant nature.

          The results of the Mass Loss studies reveal the fact that Mild Steel is compatible with the Used Ground Nut Oil. 

4.2.2 EMULSION INVERSION POINT

           One of the properties to understand the influence of biodiesel on the corrosion process is the type of emulsion formed with brine solution in the presence of biodiesel.

            Two different types of emulsion are:

· Oil in water (o/w).

·  Water in oil (w/o). 
          The  percentage of water at which water in oil converts to oil in water type is known as Emulsion Inversion Point(EIP).Corrosivity of water-phase becomes important only in the presence of either oil in water emulsion or free water and depends on the chemical species contained in the oil. Hence, the determination of EIP is very significant in the corrosion studies of biodiesel.In the present study, the EIP was determined by measuring the conductivity of 100% ground nut oil and progressively increasing water content (NaCl) in steps of 10% until 100% water is reached. The results are shown in table (5).By plotting graph between conductance and percentage of NaCl (figure (6)), the EIP was determined to be 90%.

4.2.3 WETTABILITY
              Wettability of oil or water on steel surface determines the susceptility to pitting corrosion. (H.N.Meenakshi et al.,2010).  Because of higher resistance, oil-wet surface is non-corrosive but water wet surface is corrosive. The tendency of water to displace oil from steel can be estimated by considering the relative surface energies of all the interfaces involved. An oil-steel interface will be replaced by a water-steel interface if the energy of the system decreases as a result of this action.

             Wettability is characterized by measuring the contact angle (Papavinasams et al., 2007). In the present study was measured through the water phase. The surface is considered water-wet if the contact angle is acute and oil wet when the contact angle is obtuse. The contact angle for UGNO as measured from figure(7) are 136ο and 135 ο  confirming that the UGNO wets the mild steel surface making it non-corrosive to mild steel.

4.2.4 LPR MEASUREMENT
             The corrosion rate of mild steel in NaCl, O99 and O100 as a function of time by LPR Measurement is tabulated in table (6) depicted in the figure (5) . A similar trend of result as that of Mass Loss Measurement is noted. LPR  measurements gives an instantaneous corrosion   rate while the Mass Loss measurements  give only a time averaged corrosion rate values.

4.3 CORROSION BEHAVIOUR IN REUSED GROUND NUT OIL-DIESEL BLEND
                 Biodiesel can be used in its pure form (B100) or as a blend with conventional petroleum diesel fuels. The blend is identified using B followed by the percentage of biodiesel in the finished product. Common blends include B2, a 2% biodiesel blend, which is often used for added lubricity, and B20 a 20% biodiesel blend.B20 is popular with fleets and buses because with the higher emissions reductions and performance are more fully realized with higher blend.

                Recently, the home heating oil industry is evaluating biodiesel as a potential blend stock of approximately 5% for home heating oil. Testing has been done on blends upto 20% with positive environmental and operational results.
         To evaluate corrosion issues of blends, the corrosion rate of mild steel in reused ground nut oil and its various blends such as O5,O10,O20 with commercial diesel and 100% commercial diesel were determined by Mass Loss Measurements and Linear Polarization Resistance Measurements respectively  and  are presented in the table(4) & (7) and pictorially shown in the figure(10).The measured corrosion rates were very low and not much difference in the corrosion rates of mild steel in O100 and blends with commercial diesel.

            The comparison of corrosion rates obtained by Mass Loss and Linear Polarization Measurements are show in the figure (9) shows the similar trend in both methods but with different values shown in figure (10).The difference may be attributed to the methods adopted.

               The increase in conductivities of O100, O5, O20 and commercial diesel may be due to degradation of oil and its blends with commercial diesel by the Absorption of moisture from their environments.

4.4 SURFACE MORPHOLOGY
               Figure (11& 12 )  shows the photomicrographs of mild steel sample exposed to various test solution for a period of 100 hours. The micrographs show very little damage to coupon surfaces. Figure(11(a)) shows the polished surface before exposure to the test solution, which is associated with polishing scratches.Visibly,the mild steel sample in NaCl was covered in dark deposits which showed the presence of corrosion product(figure(11(b))).
               In the case of mild steel in O99, a little pitting has been observed (figure (11(d))) which may be due to water contamination. No   significant change is found for the surface of mild steel exposed in O100, CD and its blends (figure (12(a,b,c,&d)), when compared to polished sample. The absence of corrosion products allows the usage of mild steel containers for the storage of biofuel.
Table-2

CHARACTERIZATION OF  USED   GROUNDNUT OIL  AS PER ASTM D6751

	Parameters
	Value
	ASTM D6751

Standard
	Units

	Flash point
	154
	100-170
	оC

	Water and sediment
	0.045
	0.050max
	%

	Kinematic viscosity 400c
	4.6
	1.9-6.0
	mm2/sec

	Sulphated ash
	0.018
	0.02max
	%

	Sulfur content
	13
	
	mg/kg

	Copper strip corrosion
	1.4
	No 3 max
	-

	Cetane
	34
	48 max
	-

	Carbon residue


	0.43
	0.050 max
	%


	Acid number
	1.8
	0.80
	mg KOH/gm

	Free glycerin


	0.014
	0.020 max
	%

	Total glycerin
	0.231
	0.240 max
	%

	Phosphorous content
	2.3
	0.001
	%

	Distillation temperature
	351
	360 max
	оC


Table-3

CORROSION  RATE OF MILD STEEL IN  NaCl,O99,O100  (MASS LOSS MEASUREMENT)
	Medium
	Specimen
	Initial weight

(g)
	Final

Weight

(g)
	Mass loss

(g)
	Corrosion rate(mpy)
	Conductance(µΩ-1)

	
	
	
	
	
	
	Before

immersion
	After

immersion

	NaCl


	1
	32.99
	32.96
	0.03
	3.41
	1580.0
	800.0

	
	2
	33.25
	33.22
	0.02
	3.03
	2160.0
	2880.0

	
	3
	34.03
	34.01
	0.03
	3.64
	2170.0
	2520.0

	099

	1
	32.37
	32.36
	0.01
	0.99
	0.10
	0.14

	
	2
	32.95
	32.94
	0.01
	0.87
	0.08
	0.14

	
	3
	33.16
	33.15
	0.01
	0.77
	0.06
	0.14

	O100


	1
	32.75
	32.74
	0.01
	0.94
	0.07
	0.10

	
	2
	32.21
	32.20
	0.01
	0.91
	0.07
	0.14

	
	3
	34.76
	34.75
	0.01
	0.86
	0.08
	0.14


Table-4

CORROSION  RATE OF  MILD STEEL  IN   O5,O10,O20 ,O100 AND CD (MASS LOSS MEASUREMENT)
	Medium
	Specimen
	Initial

Weight (g)
	Final

Weight

(g)
	Mass loss(g)
	Corrosion

rate(mpy)
	Conductance(µΩ-1)

	
	
	
	
	
	
	Before immersion
	After immersion

	CD


	1
	32.42
	32.41
	0.01
	0.99
	0.09
	0.14

	
	2
	33.35
	33.34
	0.01
	1.10
	0.08
	0.11

	
	3
	33.28
	33.27
	0.01
	0.92
	0.09
	0.09

	O5

	1
	32.81
	32.80
	0.01
	0.92
	0.08
	0.09

	
	2
	33.19
	33.18
	0.01
	1.26
	0.08
	0.10

	
	3
	32.73
	32.71
	0.01
	0.81
	0.09
	0.10

	O10
	1
	32.56
	32.55
	0.01
	0.91
	0.07
	0.14

	
	2
	34.70
	34.69
	0.01
	1.10
	0.08
	0.14

	
	3
	32.34
	32.33
	0.01
	0.94
	0.08
	0.26

	O20

	1
	32.43
	32.42
	0.01
	1.00
	0.16
	0.11

	
	2
	33.27
	33.26
	0.01
	1.03
	0.08
	0.102

	
	3
	32.94
	32.93
	0.01
	0.95
	0.08
	0.10

	O100

	1
	32.75
	32.74
	0.01
	0.94
	0.07
	0.10

	
	2
	32.21
	32.20
	0.01
	0.91
	0.07
	0.14

	
	3
	34.76
	34.75
	0.01
	0.86
	0.08
	0.14


Table-5
CONDUCTANCE OF USED GROUND NUT OIL – BRINE EMULSION AND EMULSION INVERSION POINT

	CONCENTRATION(%)
	CONDUCTANCE(mΩ-1)

	O0
	0.4114

	O10
	0.0684

	O20
	0.0412

	O30
	0.0498

	O40
	0.0363

	O50
	0.049

	O60
	0.0401

	O70
	0.0402

	O80
	0.0122

	O90
	0.0069

	O100
	0.007


Table-6
Corrosion rate of Mild Steel in NaCl,O99 and O100 as a function of time ( LPR measurement)
	       Time in hours
	                                                 Corrosion rate (mpy)

	
	                 Nacl
	                  O99
	                 O100

	1
	7.36
	0.47
	0.13

	2
	24.15
	0.01
	0.14

	3
	4.36
	0.09
	0.15

	4
	24.68
	0.14
	0.13

	5
	10.09
	0.07
	0.13

	6
	2.28
	2.40
	0.14

	7
	7.93
	0.42
	0.15

	8
	3.15
	0.15
	0.16

	9
	52.32
	1.74
	0.01

	10
	53.74
	0.23
	0.01

	11
	56.00
	0.41
	0.90

	12
	64.27
	0.02
	1.49

	13
	63.60
	0.02
	0.04

	14
	61.80
	0.07
	0.07

	15
	53.78
	0.01
	0.01

	16
	53.80
	0.15
	0.01

	17
	52.82
	0.02
	0.03

	18
	44.33
	0.12
	0.01

	19
	45.81
	0.03
	1.18

	20
	47.42
	0.42
	0.01


	  Time in 
	                                       Corrosion rate   (mpy)

	   hours
	CD
	O5
	O10
	O20
	O100

	1
	0.38
	0.15
	0.03
	0.05
	0.13

	2
	0.15
	0.38
	0.08
	0.17
	0.14

	3
	0.14
	0.16
	0.06
	0.10
	0.15

	4
	0.15
	0.13
	0.06
	0.00
	0.13

	5
	0.16
	0.07
	0.01
	0.55
	0.13

	6
	0.43
	1.11
	0.02
	0.01
	0.14

	7
	0.00
	1.34
	0.01
	0.01
	0.15

	8
	0.12
	0.40
	0.11
	0.00
	0.16

	9
	0.17
	0.34
	0.15
	0.00
	0.01

	10
	0.24
	0.22
	0.51
	0.72
	0.01

	11
	0.15
	0.18
	0.12
	0.06
	0.90

	12
	0.17
	1.25
	0.12
	0.01
	1.49

	13
	0.27
	0.15
	0.21
	0.01
	0.04

	14
	0.19
	0.01
	0.22
	0.12
	0.07

	15
	0.17
	0.01
	0.63
	0.15
	0.01

	16
	0.19
	0.02
	0.15
	0.13
	0.01

	17
	0.23
	0.15
	0.12
	0.01
	0.03

	18
	0.17
	0.03
	0.22
	0.01
	0.01

	19
	0.15
	1.18
	0.14
	0.01
	1.18

	20
	0.15
	0.01
	0
	0.01
	0.01


Table-7
Corrosion rate of  Mild Steel in CD,O5,O10,O20 and O100 as a function of time ( LPR measurement)

Figure-5

CORROSION RATE OF MILD STEEL IN NaCl ,O100  AND 099  AS A FUNCTION  OF  TIME  IN  LPR  MEASUREMENT
[image: image23.png]Corrosion Rate(mpy)

Mild Steel

8 9 1011 12 13 14 15 16 17 18 19 20

Time(hrs)

—o—=Time(h
rs)

Nacl

099

=
0100




Figure-6
CONDUCTANCE OF USED GROUND NUT OIL – BRINE EMULSION AND EMULSION INVERSION POINT
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Table-8
CONTACT ANGLE  OF USED GROUND NUT OIL ON MILD STEEL

	Sample
	Contact angle in degree(oil in water)

	Mild steel
	136°
	135°


Figure-7
CONTACT ANGLE OF USED GROUND NUT OIL ON MILD STEEL
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Figure-8
CORROSION RATE OF MILD STEEL IN DIESEL,O5,O10,O20  AND O100 AS  FUNCTION OF TIME(LPR MEASUREMENT)
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Figure-9
COMPARISON OF CORROSION RATE OF MILD STEEL AS  DETERMINED  BY MASS LOSS  AND LPR MEASUREMENTS(OIL+NaCl)
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                                                                          Figure-10
COMPARISON OF CORROSION RATE OF MILD STEEL AS  DETERMINED  BY MASS LOSS  AND LPR MEASUREMENTS(OIL+DIESEL)
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                                                                     FIGURE-11
PHOTOMICROGRAPHS OF POLISHED MILD STEEL AND MILD STEEL IN O100,O99 &NaCl       
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                    Polished sample(a)                                              Sample   immersed  in NaCl(b)
                                                                                                                                                                              [image: image31.jpg]



                     Sample immersed O100 (c)                                         Sample immersed in O99 (d)                                                                                                                                 
                                                                 FIGURE- 12
                           PHOTOMICROGRAPHS OF  MILD STEEL IN UGNO-CD BLENDS
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                             Sample immersed in O10   (a)                                      Sample immersed in O20 (b)
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                                   Sample immersed in O5 (c)                                       Sample immersed in CD(d)
“You always succeed in producing a result”
 
Robbins,Anthony
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                     SUMMARY AND CONCLUSION
5.SUMMARY  AND  CONCLUSION
              The   compatibility   of metals in biofuels is an advancing field and little is known on the corrosion behaviour of various metals in biofuels.Hence the present work has been carried out on the corrosive property of mild steel in used ground nut oil and  it can be summarized as  follows:
· The UGNO has been characterized as per ASTM D6751 and most of the properties were found to meet the standard.

· The corrosion behaviour of mild steel metal in UGNO as biofuel was studied by mass loss measurements and LPR measurements.

· The corrosion rate of mild steel in O100 was compared with that of O99 and NaCl.

· The corrosion rates of MS in UGNO –Commercial Diesel blends have been reported.

· The corrosion behaviour of metals can be predicted by contact angle method for which MS was found to be obtuse suggesting that oil wets the metal surface and hence is less prove to corrosion.
· Inversion of water in oil emulsion to oil in water emulsion is called EIP. Emulsion Inversion Point used biodiesel water system was found to be at   90 %   water cut.
· Surface morphology of   mild steel  in different test  media  can be done  from  that we can observed , sample in NaCl was covered in dark deposits which showed the presence of corrosion product, a little pitting was found in O99  and   No   significant change was found  in  oil-diesel blend.
                 Hence, we can conclude that biodiesel is important  due to low cost, non-toxicity  and environment friendliness. The use of biodiesel fuel may be the solution to increasing transportation energy crisis, particularly in the farming and shipping transportation sector.                   
“A categorical imperative would be one which represented an action as objectively necessary in itself, without reference to any other purpose.”

                                                                   Immanuel Kant quotes
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