USE OF REUSED GROUND NUT OIL AS BIOFUEL AND ITS CORROSION BEHAVIOUR ON COPPER METAL

BY

SAJNA.A

(09PCM13)

A Dissertation Submitted To

Avinashiligam Deemed University For Women

Coimbatore-641 043

In Partial Fulfillment Of The Requirements For The Degree Of 

MASTER OF SCIENCE IN CHEMISTRY

MAY 2011

[image: image21.jpg]



[image: image2.jpg]



Dedicated To

 My lovable
Parents, Grandfather, Sisters

And my Guide

The most perfect man is the one 

who is most useful to others”

[image: image3.emf]                                                                         

ACKNOWLEGEMENT

ACKNOWLEDGEMENT

               “Everything is incomplete without gratitude and nothing is complete without help”
 My heart is leaping boundlessly to express sincere and humble gratitude to GOD ALMIGHTY for the grace and abundant blessing and peace of mind to complete my course successfully. I deem it necessary to thank all who rendered their help during the course of this study.

I extend my heartfelt gratitude to (Thiru.)T.S.K.Meenakshi Sundaram M.A.,M.Phil., Chancellor, Avinashilingam University for women, Coimbatore, for offering an encouragement to carryout the study.

I express my sincere gratitude to Dr. (Tmt.) Sheela Ramachandran, M.Sc., P.G. Dip., Ph.D. (Avinashilingam), Vice-Chancellor, Avinashilingam University for women, Coimbatore, for all the amenities provided for the conduct of the study.


I extend my grateful thanks to Dr. (Tmt.) Gowri Ramakrishnan, M.Sc., (Madras), M.Phil., Ph.D., (Avinashilingam), Registrar, Avinashilingam University for women, Coimbatore, for rendering adequate help required to carryout the work.



I owe my gratitude to Dr. (Tmt.) R.Parvatham M.Sc., Dip.Ed, M.Phil., (Madras), Ph.D.,(Avinashilingam), Dean, Faculty of Science, Avinashilingam University For Women, Coimbatore, for providing the opportunity and exposure to the world of knowledge.

With immense pleasure I express my sincere gratitude to Dr. (Tmt.) Saroja Prabhakaran, M.A., Dip.Ed., (Madras), Ph.D (Mother Teresa), The Director, Hall of residence, Avinashilingam Deemed University for Women, Coimbatore, for all the amenities provided for the conduct of the study.

              It is my privilege to express my heartfelt thanks and sincere                         appreciations to my Guide Dr. (Tmt.) R.Shyamala M.Sc., Dip.Ed.,(Madras), M.Phil.,(Bharathiyar), Ph.D., (Avinashilingam) ,Head of the department of chemistry, Avinashilingam Deemed University for Women, Coimbatore ,for her excellent support, suggesting the topic, inspiring guidance, constant encouragement,  meticulous care, valuable advice and timely suggestions for the successful completion of the study.

I especially thanks Mrs.H.L.Meenakshi, Miss.AnishaAnand,research schlors, Avinashilingm Deemed University for women, Coimbatore for their co-operation ,patience, support and help for the successful completion of my study

Finally on a personal note, I wish to owe my cherished and special gratitude to my beloved parents and my lovable sisters for their eternal love and encouragement during the study.                                                                        

SAJNA.A

[image: image1.png]USE OF REUSED GROUND NUT OIL AS BIOFUEL AND
ITS CORROSION BEHAVIOUR ON COPPER METAL

BY
SAJNA.A
(09PCM13)

A Dissertation Submitted To
Avinashilingam Deemed University For Women

Coimbatore-641 043

In Partial Fulfilment Of The Requirements

FOR THE DEGREE OF
MASTER OF SCIENCE IN CHEMISTRY

APRIL-2011

CERTIFIED AS BONAFIDE RESEARCH WORK

~ (e
2Sopat 2 S

Signature of Signature of the Guide
Head of the department



       

CONTENTS

CONTENTS


	S.NO
	TITLE
	PAGE NO

	
	LIST OF TABLES
	

	
	LIST OF FIGURES
	

	
	LIST OF ABBREVIATIONS
	

	1.
	INTRODUCTION
	1

	2.
	REVIEW OF LITERATURE
	12

	3.
	MATERIALS AND METHODS
	24

	4.
	RESULTS AND DISCUSSION
	31

	5.
	SUMMARY AND CONCLUSION
	50

	
	BIBLIOGRAPHY
	



LIST OF TABLES

	S.NO
	PARTICLUARS
	PAGE NO

	1
	Composition of copper metal
	

	2
	Comparison of fuel properties of UGNOwith that of ASTM D6751 standard values.
	37

	3
	Corrosion rates and conductivities of O100, O99 and NaCl (MASSLOSS METHOD)
	38

	4
	Corrosion rate of copper metal in O100,O99 and NaCl as a function of time(LPR METHOD)
	39

	6
	Corrosion rates and conductivities of O5, O10, O20 and diesel(MASS LOSS METHOD)
	40

	7
	Corrosion rate as copper metal in O5,O10,O20,O100 and diesel as a function of time in (LPR METHOD)
	41


LIST OF FIGURES
	S.NO
	PARTICULARS


	PAGE NO

	1
	Ground nut oil &seed
	9

	2
	Linear polarization study set up
	28

	3
	Contact angle diagram
	34

	4
	Corrosion rate of copper metal in O100,O99 and NaCl as a function of time(LPR METHOD)
	42

	5
	Comparison of corrosion rate of copper metal as determined by mass loss LPR techniques(diesel+oil)
	43

	6
	Contact angle of used ground nut oil on copper metal
	44

	7
	Corrosion rate as copper metal in CD,O5,O10,O20 andO100 as a function of time in (LPR METHOD)
	45

	8
	Comparison of corrosion rate of copper metal as determined by mass loss and LPR techniques (oil+NaCl)
	46

	9
	Photo micrographs of polished copper and copper in O100,O99 & NaCl
	47

	10
	Photo micrographs of copper in UGNO-CD blends
	48


LIST OF ABBREVIATIONS

            mpy
:
miles per year

C.R
: 
Corrosion rate

t
:
Time

hrs
:
Hours

NaCl
:
Sodium chloride

LPR
:
Linear Polarization Resistance

UGNO
:      Used ground nut oil

POME:         Palm Oil Methyl Ester



   



INTRODUCTION

1.INTRODUCTION

                         Biofuel -firing is an emerging technology in power production. In looking for new energy sources, attention is naturally being focused on biomass. Over the last two decades, a special attention has been paid to the conversion of residual biomass into bio-oil which is renewable and degradable. Moreover it doesn’t contribute to a net rise in the level of CO2 in the atmosphere and consequently to the green house effect. 

1.1 Biofuel: New Renewable Energy                       

                        Biofuels are increasingly used in the transportation sector and several countries have introduced policies to support the production and use of biofuels. Continued depletion of petroleum reserves coupled with environmental factors make renewable energy resources more attractive. The most feasible way to meet this growing demand is by utilizing alternative fuels. Among various alternative fuels, bioethanol and biodiesel are attractive.  The greatest advantage that biodiesel has over petroleum diesel is its environmental friendliness. The cetane number and lubricating effect of biofuel - important in avoiding wear to the engine - are significantly higher. Additionally, the alcohol component of biodiesel contains oxygen, which helps to complete the combustion of the fuel. The effects are reduced production of air pollutants such as particulates, carbon monoxide, and hydrocarbons. Furthermore biodiesel contains practically no sulfur. Therefore the emission of sulfur oxides is reduced.                              

                   Any liquid that stores energy, which is typically utilized by an engine or generator, can be called a fuel. The term biofuel encompasses a wide range of fuels, including vegetable oils, animal fats, ethanol, biodiesel, and sinful ie., fuel made from gasified organic matter, which is then liquefied to form fuel. The main common trait of all these fuels is that they are derived from organic biomass, rather than minerals. 

 1.2 Biodiesel: An Alternative Fuel

                              Biodiesel is defined as the mono alkyl esters of long chain fatty acids derived from renewable lipid sources. Biodiesel is typically produced through the reaction of a vegetable oil or animal fat with methanol in the presence of a catalyst to yield glycerin and biodiesel. Biodiesel has been registered with the US Environmental Protection Agency as a pure fuel or as a fuel additive and is a legal fuel for commerce. It is an alternative fuel which can be used in neat form, or blended with petroleum diesel for use in compression ignition engines. Its physical and chemical properties as it relates to operation of diesel engines are similar to petroleum based diesel fuel.

1.2.2 Biodiesel Specifications as per ASTM D6751
	Property
	ASTM Method
	Value
	Unit

	Flash Point
	D93
	100.0 min.
	°C

	Water & Sediment
	D1796
	0.050 max.
	vol. %

	Carbon Residue (100 % sample)
	D4530
	0.050 max.
	wt %

	Sulfated Ash
	D874
	0.020 max.
	wt %

	Viscosity @ 40°C
	D445
	1.9 - 6.0
	Cst

	Sulfur
	D2622
	0.05 max.
	wt %

	Cetane Number
	D613
	40 min.
	 

	Cloud Point
	D2500
	by customer
	°C

	Copper Strip Corrosion
	D130
	No. 3 max.
	 

	Acid Number
	D664
	0.80 max.
	mg KOH/g

	Free Glycerin
	G.C.§
	0.020 max.
	wt %


1.3 Global Biofuel Production Scenario
                             The production and utilization of biodiesel is facilitated by the agricultural policy of subsidizing the cultivation of non-food crops and exempting biodiesel from the oil tax. Biodiesel is a fast-developing substitution to diesel in the U.S. and Europe. Pilot plants for power generation and encouraging adaptation by fleet operators have established biodiesel as a viable and sustainable alternate fuel. The biodiesel production from vegetable oils during 2004-05 was estimated to be 2.36 million tonnes globally. Of this European countries accounted for 1.93 million tonnes, U.S. produced 0.14 million tonnes and rest of the world 0.29 million tones. The European usage of vegetable oil for biodiesel has been rising at about 30% annually in the last two years. In Europe, rapeseed is the main source of oil for biodiesel, while in the U.S. soybean oil is used for manufacturing biodiesel. Malaysia - the largest producer of palm oil - has set up three palm biodiesel plants with a combined annual capacity of 60,000 tonnes. According to another study, the European Union accounted for nearly 89% of all biodiesel production worldwide in 2005. By 2010, the United States is expected to become the world's largest single biodiesel market, accounting for roughly 18% of world biodiesel consumption.
1.4 BIOFUEL ATTRIBUTES

1.4.1 Emissions Reduction

                         The use of biodiesel in a conventional diesel engine results in substantial reduction of unburnt hydrocarbons, carbon monoxide, and particulate matter. Emissions of nitrogen oxides are either slightly reduced or slightly increased depending on the duty cycle and testing methods. Particulate emissions from conventional diesel engines can be divided into three components. Each component is present in varying degrees depending on fuel properties, engine design and operating parameters. The use of biodiesel decreases the solid carbon fraction of particulate matter, eliminates the sulfate fraction, while the soluble, or hydrocarbon, fraction stays the same or is increased. 
1.4.2 Operating Performance

                             One of the major advantages of biodiesel is the fact that it can be used in existing engines and fuel injection equipment without negative impacts to operating performance.  
1.4.3 Health Effects
                             Evidence does exist which indicates that diesel particulate matter is a potential carcinogen. In 1988, the National Institute for Occupational Safety and Health (NIOSH) recommended that whole diesel exhaust be regarded as a “potential occupational carcinogen”, as defined in the Cancer Policy of the Occupational Safety and Health Administration. The use of biodiesel does result in decreas in most regulated emissions.  Relative to health effects, research results indicate that particulate matter, specifically the carbon or insoluble fraction, is significantly reduced. In addition to reducing the overall levels of pollutants and carbon, the compounds that are prevalent in biodiesel and diesel fuel exhaust are different. Preliminary research on the speciation of diesel and biodiesel particulate indicates that biodiesel exhaust has less harmful impacts on human health than petrodiesel. 
1.4.4 Flash Point and Sulfur Content
                           The flash point of a fuel is defined as the temperature to which the fuel must be heated to produce a vapor-air mixture above the surface of the fuel that will ignite when exposed to an ignition source such as a spark or flame. Due to the operating environment of underground mines, flash point is an important parameter. Provincial agencies in Canada and federal agencies in the US regulate the flash point of fuels allowable in underground mines. The flash point of biodiesel has been tested and reported by various sources. Specific testing at Southwest Research Institute concluded that the flash point of biodiesel blends increases as the percentage of biodiesel increases. Therefore pure biodiesel or blends of biodiesel with petroleum diesel is safer to store, handle, and use than conventional diesel fuel. In addition, the sulfur content of fuels utilized in underground mines is also regulated. Pure biodiesel is essentially sulfur free and results in a total reduction of SO2 emissions as well sulfate aerosols in particulate matter. These reductions should assist in increasing both vehicle and catalyst life over time. 

1.4.5 Biodegradability                                  

                           Biodiesel also has desirable degradation attributes. Studies have been at the University of Idaho to determine the biodegradation of biodiesel in an aqueous solution. Biodiesel was compared to diesel fuel and dextrose. Biodiesel samples degraded more rapidly than the dextrose control and were 95 percent degraded at the end of 28 days. The diesel fuel was approximately 40 percent degraded after 28 days. 

                         Another study conducted at the University of Idaho tested the “Biodegradability of Biodiesel in the Aquatic Environment” by the CO2 evolution method and gas chromatography (GC), comparing the results with regular diesel. According to the University of Idaho's report, under aerobic conditions and nutrient supply (N, P), micro organisms will metabolize a substance to two final products, CO2 and water. Therefore, CO2 is presumed to be the prevalent indicator of organic substance breakdown. If the substrate is the only carbon source, the amount of CO2 evolved will be proportional to the carbons consumed by micro organisms from the test substrate. Thus, the percentage of CO2 evolution is proportional to the percentage of substrate degradation. (Marine biodiesel and education project forSan Francisco bay and northern California .1999)
1.5 CONSIDERATIONS FOR BIODIESEL USE
1.5.1 Infrastructure

                            In general, the standard storage and handling procedures used for petroleum diesel should be used for biodiesel. The fuel should be stored in a clean, dry, dark environment. Extreme temperature should be avoided. Acceptable storage tank materials include mild steel, stainless steel, fluorinated polyethylene, and fluorinated polypropylene. Biodiesel has a solvent effect which releases the deposits accumulated on tank walls and pipes, which previously have been used for diesel. These deposits can be expected to clog filters initially and precautions should be taken to allow for this. 

1.5.2 Cold Flow Properties
                          As with any diesel fuel, cold flow properties are important. A 20% blend of biodiesel will increase the cold flow properties (cold filter plugging point, cloud point, pour point) of petrodiesel approximately 1 to 3 degrees Celsius. Thus far, no precautions have been needed for fueling with 20% blends. Operation of neat (100%) biodiesel in cold weather, however, will experience gelling faster than petrodiesel. The solutions for this potential issue are much the same as that with low-sulfur #2 diesel (i.e., blending with No. 1 diesel, utilization of fuel heaters and storage of the vehicle in or near a building). Biodiesel appears to be unaffected by conventional pour point depressants. 

 1.5.3 Economics

                          There has been increasing interest in using diesel equipment in mines for reasons such as cost considerations. Diesel-powered equipment is potentially less expensive to operate compared to other transportation systems and can increase productivity. Safety is also an issue. Some mine operators are interested in replacing electric trolleys used to transport miners with diesel-powered equipment because workers have expressed concern of electrocution by power lines and mine explosions caused by electrical sparks. For these and other reasons, the number of diesel units being used in mines has been gradually increasing. 

1.5.4 Prospective Biofuel Feedstock In India
                                               Oil can be extracted from a variety of plants and oilseeds. Under Indian condition only such plant sources can be considered for biodiesel production which are not edible oil in appreciable quantity and which can be grown on large-scale on wastelands. Moreover, some plants and seeds in India have tremendous medicinal value, considering these plants for biodiesel production may not be a viable and wise option. Considering all the above options, probable biodiesel yielding trees in India are:

· Jatropha curcas or Ratanjot

· Pongamia pinnata or Karanj

· Calophyllum inophyllum or Nagchampa

· Hevea brasiliensis or Rubber seeds

· Calotropis gigantia or Ark

· Euphorbia tirucalli or Sher

· Boswellia ovalifololata
           Of all the above prospective plant candidates as biodiesel yielding sources, Jatropha curcas stands at the top and sufficient information on this plant is already available. One hectare Jatropha plantation with 4400 plants per hectare under rain fed conditions can yield about 1500 liters of oil. It is estimated that about 3 million hectares plantation is required to produce oil for 10% replacement of petro diesel. The residue oil cake after extraction of oil from Jatropha can be used as organic fertilizers. It is also estimated that one acre of Jatropha plantation could produce oil sufficient to meet the energy requirement of a family of 5 members and the oil cake left out when used as fertilizer could cater to one acre. The fact that Jatropha can be grown in any wastelands with less irrigation gives it a distinct advantage for consideration as the prime biodiesel feedstock in Indian conditions.
1.5.5 COST BENEFITS SCENARIO

             The high cost of biodiesel compared to the petroleum based diesel is a   barrier to its commercialisation. Nearly 80% of the total biodiesel production cost arises from the cost of row material or feedstock. Use of low-cost feedstock such as waste cooking oil make biodiesel competitive in price with petroleum diesel .In the present fast food culture, every where in the world, there is an enormous amount of waste lipids generated  from restaurants food processing industries and fast food shop everyday . Reusing of these waste greases not only reduces the burden of waste disposel but also  lowers the production cost of biodiesel significantly. The waste cooking oil can be blended with commercial diesel or can be transesterified to abiodiesel.            

           Hence, the present study aims to evaluate the fuel characteristics of reused ground nut oil and its corrosion behaviour on copper. The cause behind using copper for investigation can be attributed to the broad range of usages in manufacturing auto mobile components. 
                    [image: image4.emf]
Figure 1 .Groundnut oil and seed

OBJECTIVES

· To compare the values of oil characterization and ASTM D6751 standard.

· To find out the composition of metal.

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

· To evaluate the corrosion rate of copper metal in 3% NaCl.

· To evaluate the corrosion rates of copper metal in used groundnut oil and its blend with commercial diesel for a period of 100hrs at room temperature by mass loss method.

· To measure the conductivity of the test solutions before and after exposure of the copper metal in the solutions.

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

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

· To determine the wettability of oil on copper metal using contact angle method 

· To analyse the surface morphology through inverted metallurgical microscope.


Review of literature

2. REVIEW OF LITERATURE

                    Biodiesel is a fast developing alternative fuel at present. The development  of using biofuel is steadily progressing to meet the demands on fossil fuel. This chapter gives the relevant literature on biodiesel and their corrosion issue with various metals.

· Meenakshi .H.N (2011) has studied the corrosivity of pongamia pinnata biodiesel and its blends with petro diesel on various metal in  static condision by mass loss and linear polarization resistance methods. The result showed that the metals immersed in pongamia pinnata biodiesel and its blends are higher than those immersed in commercial diesel.

· Anisha Anand et al., (2011) has studied the corrosion aspect of jatropha oil on various industrial metals by various techniques and the result obtained were compared with that of biodiesel from pongamia pinnata under most condition studied, the corrosivity of Jatropha oil is lower that that of biodiesel obtained from pongamia pinnata.

· Loganathan.T.M et al., 2010 investigation was carried out following the frequent occurrences of shaft failures in a number of palm oil screw press machines in a Malaysia palm oil mill company. Visual inspection, chemical analysis on the shaft material, fatigue analyses by utilizing traditional method and microscopic examinations were performed to support the investigation. Overview on pitting corrosion problems is presented. Common locations of the failure are at around bottom edges of keyway and shoulder fillets of the shafts. The findings indicate that pitting corrosion is identified as the main root causes of the premature shaft failures.

· Deniz F Aktast et al., 2010 have studied that biodiesel metabolism accelerated the rate of both sulfate reduction and methanogenesis. Electrochemical/corrosion experiments showed that the anaerobic microbial metabolism of biodiesel in coastal seawater samples accelerated the rate of pitting corrosion in carbon steel. The susceptibility of biodiesel to anaerobic biodegradation and its propensity to stimulate bio corrosion suggest caution when integrating this alternate fuel with the existing infrastructure.

· A.S.M.A. Haseeb et al., (2010) have studied the corrosion behavior of commercial pure copper and leaded bronze commonly encountered in the automotive fuel system in diesel engine. Static immersion tests in B0, B50 and B100 fuels were carried out at room temperature for 2640 h. Similar immersion tests in diesel, B100 and B100 (oxidized) fuels were also conducted at 60 °C for 840 h. At the end of the test, corrosion behavior was investigated 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.

· Wei Wang et al., (2010) have studied the influence of water contamination and corrosion behavior of carbon steel in biodiesel using the wire beam electrode (WBE) technique. In situ local current distributions among the electrodes showed a distinct corrosion pattern, with the anodes formed in the area that was exposed to water, and the cathodes formed along the water–biodiesel interface. The anodic current distribution showed a positive correlation with the biodiesel concentration gradient in water.

· Alexander Guzman et al.,(2010) have studied that high cetane index renewable diesel can be obtained by hydro processing of palm oil using conventional hydro treating catalyst (NiMo/Al2O3). At 40-90 bar hydrogen pressure crude palm oil can be deeply converted into paraffin’s in the diesel range. At lower pressures hydro-deoxygenation cannot be fully reached and the appearance of intermediates as C16-C18 acids and esters were preliminary identified in the reaction product. Times of stream experiments have shown conventional hydro treating catalyst suffers of slight deactivation as the reaction proceeds.

· Nezahat Boz et al., (2009) synthesized biodiesel by using KF- impregnated nano particle of Al2O3 as heterogeneous catalysts for the transesterification of vegetable oil with methanol. The ratio of KF to nano Al2O3, calcination temperature, molar ratio of methanol/oil, trans esterification reaction, temperature and time, and the concentration of the catalyst were used as the parameters for the study.

· M.A. Fazal et al., (2009 )have made a comparative study on 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. Corrosion characteristic was investigated by weight loss measurements and changes on the exposed metal surface. Surface morphology was examined by optical microscope and scanning electron microscopy with energy dispersive X-ray analysis. Results show that the extent of corrosion and change in fuel properties upon exposure to metals are more in biodiesel than that in diesel. Copper and aluminum were susceptible to attack by biodiesel whereas stainless steel was not.

· Jianwei Tan et al., (2009) have investigated the characteristics of carbonyl compounds emission on a direct injection, turbocharged diesel engine fueled with pure biodiesel derived from soybean oil. The gas-phase carbonyls were collected by 2,4-dinitrophenylhydrazome (DNPH)-coated silica cartridges from diluted exhaust and analyzed by HPLC with UV  detector. A commercial standard mixture including 14 carbonyl compounds was used for quantitative analysis.

· D.H. Qi et al.,(2009) have prepared biodiesel from soybean crude oil prepared by alkaline-catalyzed transesterification. The important properties of biodiesel were compared with those of diesel. Diesel and biodiesel used as fuels in the compression ignition engine were analyzed. The results showed that bio diesel exhibited the similar combustion stages to that of diesel, however, bio diesel showed an earlier start of combustion.

· Katherine M.Richard, (2009) have studied the impact of biodiesel on corrosion related performance. The effect of FAME biodiesel on lubricant corrosion control and the difference on performance due to FAME source were described. Mechanistic studies into the corrosive nature of FAME were reported. Novel lubricant technologies tailored to control the negative Impact of FAME in the crankcase were demonstrated.

· L. Díaz-Ballote et al., (2008) have evaluated corrosion behaviour of Aluminium by conventional electrochemical techniques. Aluminium was exposed to biodiesel with different levels of contaminants and impurities, and its corrosion behaviour was evaluated. It was found that the 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.

· Investigations have been carried out on regulated and unregulated emissions of a diesel engine fueled with ultra-low sulfur diesel fuel blended with bio diesel from waste cooking oil (Yage Di et al., 2008).
· The effects of hydrocarbons and corrosion have been predicted based on type of emulsion (water-in-oil or oil-in-water), wet ability (oil wet, water of mixed wet), and corrosivity of brine in the presence of hydrocarbons obtained from operating pipelines. (S.Papavinasm et al., 2008)

· A.P.Roskily et al., (2008) investigated that the power output for both trial engines operating with biodiesel were comparable to that fuelled with fossil diesel, but with an increase in fuel consumptions. The NOx emissions and CO emissions were found to be lower when the engines operated at higher loads using bio diesel.

· Y.C.Sharma et al., (2008) have described that the bio diesel is an environmentally viable fuel. Direct use and blending, micro- emulsions, thermal cracking and transesterification, most commonly used method is trans esterification, of vegetable oils, fats, waste oils.

· Hanbey Hazar (2008 )has studied the increase in engine power and decrease in specific fuel consumption as well as significant improvements on exhaust gas emissions and smoke density, for all test fuels used in the coated engine and compared with that of the uncoated engine.

· S. Murillo et al., (2007) conducted a study to compare the engine performance and emission results of biodiesel derived from used cooking oil when applied in different proportions in outboard engines. Results revealed that the use of biodiesel resulted in lower emissions of CO (up to 12%) with an increase in emissions of NOx (up to 20%, except in one case which presented a slight reduction). Biodiesel also presented a slight increase in specific fuel consumption (lower than 11.4%) which may be acceptable considering the reduction in exhaust emissions. The experimental results proved that biodiesel alone or blended biodiesel can be used in compression ignition outboard engines, thereby providing a viable alternative to diesel. 

· The wheel force and power of biodiesel fuel is slightly lower than petrodiesel and the acceleration periods are accordingly longer, the emission values of hydrocarbons and particulate matter were found to be considerably lower with biodiesel. Thus, it has been shown that a byproduct can be utilized in the production of an environmentally friendly fuel, which can be used in some diesel engines without a need for major adjustment, providing economic and ecological benefits ( Hasan Özgünay et al., 2007)
· Ana Maria de Oliveira et al., (2007) have studied the increase in biofuels consumption, mainly ethanol and biodiesel as well as their blends with diesel reduced the cost impact of bio diesel while retaining some of the advantages of the biofuels. This increase was due to several factors like decreasing the dependence on imported petroleum; providing a market for the excess production of vegetable oils and animal fats; using renewable and biodegradable fuels; reducing global warming due to its closed carbon cycle by CO2 recycling.

· N. H. Jayadas.K et al., (2007)have studied the corrosion properties of vegetable oils as base oil for industrial lubricants by the copper strip corrosion test and rust prevention test An analysis of possible organic reaction mechanisms leading to corrosion of metals in the absence and presence of oxygen and moisture is presented, when vegetable oils are used as base oils. Control of moisture content and use of additives like ZDDP can be effective in controlling corrosion. 

· Zjemg-ji-Lu et al., (2006) pyrolysed rice husk at temperature between 420oc and 54oc. In a fluidized bed, and the main product of bio oil was obtained. The experimental result conformed that the highest bio oil yields of 56 weight percentage was obtained that 465oc for rice husk. Chemical composition of bio oil acquired was analyzed by GC-MS AND its heat value, stability, miscibility and corrosion characteristic were determined.

· Savita Kual, et al ., (2006) have investigated the corrosion behaviour of bio diesel from non-edible oils like Jatropha curcas, Pongamia glabra ,Madhuca indica and Salvadora oleoides . Corrosion characteristics of bio diesel are important for long-term durability of engine parts. The studies were taken up to assess the corrosion of synthesized biodiesel from the above-mentioned non edible oils. 

· Mangesh G.Kulkarni et al., (2006) reviewed methods for the transesterification of waste cooking oil and the performance of biodiesel obtained from waste cooking oil in a commercial diesel engine. The basic chemistry involved during frying and the effects of the products formed in the frying process on biodiesel quality was also examined.

· S.Murillo et al., (2006) investigated that the biodiesel alone or blended bio diesel can be used in compression ignition outboard engines, thereby providing a viable alternative to diesel. Special attention should be paid to the use of bio diesel in boats operating on lakes and rivers and in sheltered bays, which are more vulnerable to pollution.

· Sandun Fernando  et al ., (2005) have  evaluated the performance of fatty acid methyl ester with different proportions of unconverted triglycerides of flash point, water and sediment, kinematic viscosity, sulphur content, sulphated ash, copper strip  corrosion, cetane number, cloud point, carbon residue, acid number, free glycerin, toral glycerin, phosphorus content and distillation temperature.

· W.Yuan et al., (2005) have analyzed the sensitivity of coconut and butterfat. Most of the methyl esters of the vegetable oils and animal fats had a normal boiling point in the range of 620-630 K. A sensitivity analysis indicated that the variation of fatty acid composition and the uncertainty of the normal boiling point of C18:2 were the main factors that affected the predicted normal boiling points of the biodiesel fuels.

· D.Q.Peng et al., (2004 )evaluated the aqueous corrosion resistance of implanted M5 alloy in 1 M suphuric acid solution by adopting potentiodynamic polarization technique. A significant improvement was achieved in the aqueous corrosion resistance of M5 alloy implanted with carbon ions. The higher the 

flounce, the better is the corrosion resistance. Finally, the mechanism of the corrosion behavior of carbon-implanted M5 alloy was discussed.

· J. Kaminski et al., (2003) have studied that the corrosion resistance of stainless steel and carbon steel in diesel oil solution containing different amount of fatty acid methyl ester and microorganism. The corrosion resistance was examined by using impedance methods on samples exposed for up to 26 weeks in an organic phase, water phase and inter face water-biodiesel. Correlation between the corrosion rate and bio component quantity was determined. The corrosion rate and the amount of bacteria the degraded fuel also reported.

· Chaur jeng Wang et al., (2003) have studied both the higher temperature and the water vapor in the atmosphere promoted metal loss. The metal loss of SB450 in the atmosphere that contained water vapor, resulting from the burning of emulsified oil was greater than by burning just the diesel oil. Moreover, water vapor contributed to higher SO2 concentrations. SB450 suffers sulfidation more seriously in an atmosphere that constrains water vapor than in one obtained by burning diesel oil; it thus deteriorates more rapidly.

· S. S. Abd El Rehim et al., (2002) have studied the electrochemical behaviour and corrosion of a commercial Egyptian 18-8 austenitic stainless steel in sulphuric acid and in sodium sulphate solutions using the potentiodynamic technique. In acid solution, the anodic polarization scans are characterized by the appearance of active, passive and transpassive transitions before oxygen evolution. The current densities corresponding to these three regions are increased by increasing either the acid concentration or the voltage scanning rate. The passive electrode does not regain its activity when subjected to cathodic treatment. Sensitization of the electrode enhances its susceptibility to 

intergranular corrosion. In sodium sulphate solution, the polarization scans are characterized by the disappearance of the active region. On sensitization, a second transpassive region appears before oxygen evolution

· M.A.Maleque et al.,(2002) discussed that the activity of palm oil methyl ester on the metal surface is quite remarkable when added to a mineral-based lubricant wear of piston ring and ball bearing materials took place by abrasive, corrosive and/or oxidative mechanisms with different concentrations of palm oil methyl ester in lubricants.

· J.W.Goodrum et al., (2001) investigated the quality control of fuel-related properties of biodiesel such as volatility, which is needed to obtain consistent engine performance by fuel users. The vapor pressures and boiling points of selected methyl esters and vegetable oils were proposed as quality control metrics for biodiesel.

· M.A.Maleque et al., (2000)have studied the friction behavior of POME (palm oil methyl ester) as an additive in commercial lubricant which indicated the prevalence of the boundary lubrication regime. The viscosity test results showed that 5% POME could improve the viscosity properties of mineral-based lubricant up to 500 N loads. In this investigation, corrosive wear and pits on the damaged surface were the dominant. Wear mode at higher temperature was more susceptible to corrosion in biodiesel as compared to leaded bronze.

· H.H.Masjuki et al., (2000) have evaluated the effect of anticorrosion additive in bio diesel on diesel engines, performance, and emission and wear characteristics. This bio diesel is defined as the methyleater palm oil also known as palm oil diesel. The results of this investigation will be of use to find a compatible lubricant for biodiesel engines.

· H.H.Masjuki et al., (1999) have studied tribiological and emission perfomence of palm oil and mineral oil based lubricants performance of the palm oil based lubrication oil exhibited better performance in terms of wears and that the mineral oil based lubricating oil exhibited better performance in terms of friction. The palm oil based lubricant was the more effective in reducing the emissions levels of CO and hydrocarbon. 

· Jan Cvengros et al., (1995) have investigated the production and treatment of rapeseed oil methyl esters as alternative fuels for diesel engine.


MATERIALS AND METHODS
3. MATERIALS AND METHODS

                         To determine the outcome of any research work, selection of method and materials is vitally important. Following are the material chosen and methodology adopted in the present work. 

3.1 SELECTION OF SAMPLE

Copper occurs naturally with elements such as lead, nickel, silver and zinc. It is widely used in industry both as a pure metal and as an alloying material. The metal develops adherent protective coatings, initially of oxide, but subsequently thickening to give a familiar green patina on roofs and the dark brownish colour of bronze statuary. Because copper is largely unaffected by potable water, it is widely used for tubes carrying domestic and industrial water. 
3.2 PREPARATION OF SAMPLE 

             The sheet of cold rolled copper, which is commercially available in the market, was machined into coupons of area 33.94 cm2. 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 desiccators in the absence of moisture before their use for the investigation.

Table 2: COMPOSITION OF COPPER METAL

	S.NO
	ELEMENT
	% OF CHEMICAL COMPOSITION

SAMPLE

	1

2

3

4

5

6

7

8

9

10
	COPPER 

LEAD 

TIN 

ZINC

MANGANESE

ALUMINIUM

IRON

NICKEL

PHOSPHOROUS

SILICON


	94.907

0.000

0.000

5.065

0.006

0.003

0.000

0.008

0.000

0.000


                   The elemental analysis of the copper metal sample has been carried out at Premier Instrument and Control Limited (PRICOL), testing laboratory, Coimbatore by using Vacuum Emission Spectrometer DV-4 .The composition of copper metal used in the investigation is given in table2.

 3.3 OIL CHARACTERIZATION PROCEDURE 

                                  Used ground nut oil was collected from a particular restaurant in Coimbatore. The characterization of the oil was performed as per ASTM D6751 in IND-AG inspection and testing laboratory Coimbatore.

3.4  TECHNIQUES ADOPTED

3.4.1 MASS LOSS METHOD
 3.4.1.1 EQUIPMENTS USED:

· Corrosion bottle

· Sample specimen

· Digital balance

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

3.4.1.2 TEST MEDIA 

O100 → 100% oil 

O99 → 1% of 3% NaCl+99% oil

NaCl → 3%  NaCl

CD   → commercial diesel

O5   → 5ml oil+ 95 ml CD

O10 → 10ml oil+90ml CD

O20 → 20ml oil+80ml CD 

Specimens were removed after the set intervals of time and dipped in sodium hydroxide solution for the removal of the excess oil. 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.

  Corrosion rate (mpy) =           3.45*mass. loss(grams)

                                        Density (g/cm3)*Area (cm2) time (hours)3.5 CONDUCTIVITY MEASUREMENT 

3.5.1 EQUIPMENTS USED :

· 250ml Beaker

· Conductivity meter

· Conductivity cell

  The conductivity of O100, O99, NaCl, O5, O10, O20 and CD was measured using Conductivity meter (EQIPTRONICS Model NO EQ-660A) before and after exposure of coupons.

3.6 LINEAR POLARISATION RESISTANCE METHOD:

3.6.1 EQUIPMENTS USED :

· SOLATRON 1280 B

· IBM personal computer

                           A frequency response analyzer1280B (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 copper specimen as the working electrode.

                           The metal coupons (of same composition it the mass loss method) were degreased, cleaned with fine quality emery sheet and washed with distilled water. The linear polarization measurements were carried out within the potential range of -0.02vto +0.02v (scan ratio 0.1667m V/s) with respect to open circuit potential. The corrosion rate was measured every hour for 24hours. From the polarization resistance (Rp) values, the corrosion rate were calculated.

                            Corrosion current Icorr =  1/Rp       _βa.βc_                        

                                                                                   2.303(ßa+ßc)

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.


   Fig.2 Linear polarization study set up

3.7 WETTABILITY

3.7.1 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.                       

SURFACE MORPHOLOGY

                        Surface morphology changes in surface morphology of pure copper and copper strips exposed to various test media was characterized by Inverted metallurgical microscope KOZO optics model XJM 404T. 

RESULT S AND DISCUSSION

3. RESULTS AND DICUSSSION  

The findings of the present study on the corrosion of copper in reused groundnut oil as biofuel are discussed in this chapter.

4.1 STANDARDISATION OF BIOFUEL  
Standardization of biofuel is important for the assessment of quality, safety and environmental protection. Today, the most widely used standard is ASTM D6751. To meet the ASTM D6751 standard, a biodiesel sample should satisfy specifications of a sequence of tests including flash point, water and sediment, sulphur content, sulphated ash, copper strip corrosion, carbon residue, free glycerin, total glycerin, phosphorous content, and distillation temperature. The fuel property data for the used groundnut oil considered as biofuel in the present study is compared with the ASTM D6751 specified standard in table 2.
Perusal of table 2 reveals that the UGNO biofuel properties passed the ASTM D6751 standard for most properties like flash point, water and sediment, sulphated ash, copper strip corrosion, carbon residue, free glycerin, total glycerin, phosphorous content, and distillation temperature. Higher acid number than the ASTM requirement may be attributed to the presence of free fatty acid in the UGNO sample. The higher viscosity (31 mm2 /s) may be attributed to the high molecular weight and large chemical structure of the vegetable oil.
4.2 CORROSION RATES OF COPPER METAL

 4.2.1. MASS LOSS METHOD

  Biodiesel induced corrosion in storage and transportation occurs by electrochemical mechanism (wet corrosion) mostly due to the presence of entrained 

water. Free water may enter from carry-over from the fuel distribution system or leakage through the fill cap or the spill containment valve of piping Entry of moist air and/or accumulation of water in the tank create conditions for corrosion to occur (R.D Kane and S. Papavinasam, 2009) Hence mass loss studies were a carried out, for copper coupons statically for 100hrs in  O100 and O99 (1ml of 3%NaCl +99ml of UGNO). 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 and presented in table 3. As expected the corrosion rate is maximum in NaCl  (3.739 mpy) and the values are least in O100 (0.216mpy). The corrosion rate in O99 (0.712mpy) is increased when compared to the corrosion rates in O100.

The susceptibility of a metal surface to corrosion in the presence of water and oil is primarily controlled by three factors 

1. The corrosivity of brine in the presence of oil.

2. The Wettability of copper surface.

3. Surface morphology.

4.2.1.1 CORROSIVITY OF BRINE IN THE PRESENCE OF USED GROUND NUT OIL
The lower corrosion rates of copper metal in O100 may be attributed to the non-ionic nature of the groundnut oil. When 1ml of 3%NaCl is added to UGNO, the corrosion rate increased, The addition of NaCl represents the presence of water. At this

low concentration of water, UGNO forms a water in oil emulsion (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 corrosive brine solution has higher conductance. The non-ionic, non-corrosive O100 has least 

conductance. The conductivity has not increased much by the addition of 1ml of NaCl indicating the formation of water- in oil emulsion. 

 The higher conductance of NaCl solution after exposure of the copper metal than that before indicates the increased ionic content of the solution due to corrosion of copper.The results of the mass loss studies reveals the fact that copper metal is compatible with the used groundnut oil.

4.2.2 CORROSION RATE BY LPR MEASUREMENT 
The corrosion rate of copper metal in O100, O99 and NaCl as a function of time by LPR Method is given in table-3 and pictorially shown in figure 5. Similar trend 
of results as in the case of mass loss method is noted. LPR method gives an instantaneous corrosion rate while the mass loss method give only a time averaged corrosion rate values ,hence there is a difference of corrosion rates in the two methods. A higher corrosion rate is observed by mass loss method as compared to LPR method. The difference may be due to the adaptation of methodology.

4.3 WETTABILITY 
 Wettability of oil or water on a metal surface determines the susceptibility to pitting corrosion. Because of higher resistance, oil-wet surface is non corrosive but water-wet surface is. 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-metal 

interface will be replaced by a water-metal interface if the energy of the system decreases as a result of this action

 The difference in surface energy (Dwo) between a steel-oil and a steel-water interface (interfacial tensions γso and γsw respectively) can be calculated from measured values of the contact angle (θ) and the water oil interfacial tension γw0 according to eqn1

                                    Dwo = γ so- γsw= γw0 cosθ (1)

Where Dwo is the surface energy (dynes/cm) γso is the interfacial energy between the oil and the soild (dynes/cm); γsw is the interfacial energy between the soild and the water (dynes/cm); γw0 is the interfacial energy between the oil and the water (dynes/cm); and θ is the oil-water-solid interface  
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Figure 3

NOTATIONS:

θ    - Contact angle
σos  - surface tensions of oil-copper interface

σow - surface tensions of oil-water interface

σws - surface tensions of water-copper interface
Wettability is characterized by measuring the contact angle. The contact angle was measured through the water phase

The surface is considered water-wet when the contact angle is acute and oil-wet when the contact angle is obtuse as shown in fig. (4)

The angle for UGNO as measured from fig. (7) 130˚, 125˚ the contact angle measurements further confirms that the UGNO wets the mild steel surface making it non-corrosive to copper.

4.4 CORROSION BEHAVIOUR IN REUSED GROUND NUT OIL-DIESEL BLENDS:

 The corrosion rate of copper metal in reused ground nut oil and its blend with commercial diesel and 100% commercial diesel were determined by mass loss and linear polarization resistance methods. The calculated corrosion rates are presented in table (3).The measured corrosion rates were very low and not much difference in the corrosion rates of mild steel in O100 and its blends with commercial diesel. The comparison of corrosion rates obtained by mass loss and linear polarization method are shown in figure 6. The difference may be due to the methods adopted. The increases in conductivities of O100,O5,O20 and commercial diesel may be due to degradation  in oil and its blends with commercial diesel and the adsorption of  moisture from their environments. 

4.5 SURFACE MORPHOLOGY

     The typical surface morphologies of the copper sample after exposure to various test media for a period of 100 hrs are shown in the figures (10&11). The 

micrographs show very little damage to coupon surfaces. Fig (10 a) shows the polished surface before exposure to the test solution, which is associated with polishing scratches. Visibly, the copper sample in NaCl was covered in dark deposits which showed the presence of corrosion product (fig 10d). 

                        In the case of copper in 099, a little pitting has been observed (fig.10c) which may be due to water contamination. No significant change is found for the surfaces of copper exposed in O100, CD, and its blends (fig.11), when compared to polished sample. The absence of corrosion products allows the usage of copper containers for the storage of biofuel/fuel oil mixtures. 

TABLE  2

	PARAMETERS


	STANDARD (ASTM D 6751)

VALUES


	CHARACTERIZED

VALUE
	UNITS

	Flash point


	130.0min
	153 


	0 C



	Water and sediments


	0.050max
	0.04


	%



	Kinematic viscosity


	1.9-6.0
	31 


	mm2/sec

	Sulfated ash


	0.020max
	0.02


	%

	Sulfur content


	0.0015max(ppm)
	0.52


	mg/kg



	Copper strip corrosion


	No 3max
	Nil


	-

	Cetane


	47min
	34


	-

	Carbon residue


	0.050max
	0.21


	%

	Acid number


	0.80max
	1.7 


	KOH/gm



	Free glycerine


	0.020max
	0.002


	%

	Total glycerine


	0.240max
	0.14


	%

	Phosphorus content


	0.001max
	1.2


	%

	Distillation temperature

Atmospheric Equivalent temperature ,

90% recovered
	360max
	260 

	0 C


Comparison of properties of UGNO with that of ASTM D6751 Standard Values

TABLE 3

              Corrosion Rate Of Copper Coupons Exposed To O100,O99 & NaCl  (Mass Loss Method)

	Medium


	Specimen number


	Initial weight
(g)


	Final weight
(g)


	Mass loss(g)


	Corrosion rate

(mpy)
	Conductance(μΩ-1)

	
	
	
	
	
	
	Initial
	Final

	O100
	1
	39.5766
	39.57456
	0.00204
	0.2314
	0.022
	0.034

	
	2
	39.7176
	39.71631
	0.00129
	0.14633
	0.022
	0.03

	
	3
	39.52385
	39.52144
	0.00241
	0.27338
	0.022
	0.034

	O99
	4
	39.52959
	39.52339
	0.0.0062
	0.70330
	0.032
	0.045

	
	5
	39.81872
	39.81246
	0.0062
	0.7171
	0.032
	0.043

	
	6
	39.25181
	39.24551
	0.0063
	0.71464
	0.032
	0.044

	NaCl
	7
	39.65394
	39.62293
	0.03101
	3.51764
	0.51
	0.714

	
	8
	39.34985
	39.31372
	0.03613
	4.09844
	0.51
	0.717


TABLE 4

Corrosion Rate of Copper coupons exposed to O100, O99 & NaCl (LPR Method)

	Time(hrs)


	Corrosion rate(mpy)



	
	NaCl
	O99
	O100

	1


	-
	0.12259
	0.49786

	2


	-
	0.12030
	0.07620

	3


	-
	0.11913
	0.02177

	4


	0.48409
	0.11653
	0.81364

	5


	14.2880
	0.12425
	0.59776

	6


	-
	0.32118
	0.00563

	7


	1.78530
	0.14108
	0.03598

	8


	2.83080
	0.01003
	0.14281

	9


	0.19500
	0.18934
	0.28146

	10


	1.41150
	5.48120
	0.25276

	11


	10.8010
	0.73538
	0.11113

	12


	-
	0.44054
	0.11177

	13


	0.97009
	0.46678
	1.10846

	14


	1.40430
	0.88362
	0.09384

	15


	0.11049
	0.73548
	0.09363

	16


	0.44287
	3.25490
	0.00147

	17


	1.05350
	0.06671
	0.12614

	18


	-
	4.19410
	0.12614

	19


	0.84048
	0.10416
	0.00307

	20


	1.72630
	0.24815
	0.01101


TABLE 5

Corrosion Rate of Copper coupons exposed to CD,O5,O10,O20, O100 (Mass Loss Method)

	medium


	Specimen number


	Initial weight(g)


	Final weight(g)


	Mass loss(g)


	Corrosion

rate(mpy)
	Conductance(μΩ-1)

	
	
	
	
	
	
	Initial
	Final

	         O100


	1
	39.5766
	39.57456
	0.00204
	0.2314
	0.022
	0.034

	
	2
	39.7176
	39.71631
	0.00129
	0.14633
	0.022
	0.03

	
	3
	39.52385
	39.52144
	0.00241
	0.27338
	0.022
	0.034

	CD


	10
	39.57272
	39.56087
	0.01245
	1.41227
	0.038
	0.042

	
	11
	39.68386
	39.67201
	0.01185
	1.34421
	0.038
	0.042

	
	12
	39.52389
	39.39554
	0.01241
	1.40773
	0.038
	0.042

	O5


	13
	39.79909
	39.78656
	0.01253
	1.42135
	0.023
	0.028

	
	14
	39.36929
	39.35788
	0.01141
	1.2943
	0.023
	0.028

	
	15
	39.41068
	39.40326
	0.00742
	0.84169
	0.023
	0.028

	O10


	16
	39.81688
	39.80787
	0.00901
	1.02205
	0.034
	0.038

	
	17
	39.5923
	39.58405
	0.00825
	0.93584
	0.034
	0.036

	
	18
	39.91775
	39.90997
	0.00778
	0.88253
	0.034
	0.035

	O20


	19
	39.4584
	39.45175
	0.00665
	0.75434
	0.038
	0.041

	
	20
	39.36817
	39.36153
	0.00664
	0.75321
	0.038
	0.041

	
	21
	39.58905
	39.55148
	0.00757
	0.8587
	0.038
	0.043


TABLE 6
Corrosion Rate of Copper coupons exposed to CD,O5,O10,O20 & O100 (LPR Method)
	Time(hrs)
	Corrosion Rate (mpy)

	
	DIESEL
	O5
	O10
	O20
	O100

	1
	0.00011
	0.00068
	0.00502
	0.00132
	0.49786

	2
	0.00009
	0.01635
	0.24772
	0.00151
	0.07620

	3
	0.00022
	0.00172
	0.00578
	0.00042
	0.02177

	4
	0.00014
	0.00118
	0.11085
	0.00461
	0.81364

	5
	0.00014
	-
	0.04382
	0.00046
	0.59776

	6
	0.00014
	0.00748
	0.00053
	0.01210
	0.00563

	7
	0.00017
	0.00855
	0.00052
	0.00169
	0.03598

	8
	0.00882
	0.05778
	0.00212
	0.00148
	0.14281

	9
	0.00150
	0.00455
	0.00062
	0.03092
	0.28146

	10
	0.00013
	0.01562
	0.00074
	0.00453
	0.25276

	11
	0.00015
	0.01246
	0.00071
	0.00079
	0.11113

	12
	0.00016
	0.04183
	0.00085
	0.00079
	0.11177

	13
	0.00016
	0.00354
	0.00088
	0.00157
	1.10846

	14
	0.00015
	0.00060
	0.01409
	0.00179
	0.09384

	15
	0.01711
	0.03747
	0.00224
	0.00164
	0.09363

	16
	0.00156
	0.00598
	0.00173
	0.18465
	0.00147

	17
	0.00016
	0.00193
	0.00208
	0.00130
	0.12614

	18
	0.00016
	0.00509
	0.00041
	0.06643
	0.12614

	19
	0.00196
	0.00079
	0.00062
	0.09671
	0.00307

	20
	0.00089
	0.00108
	0.00568
	0.09685
	0.01101


FIGURE 5

CORROSION RATE OF COPPER METAL IN O100, O99, NaCl , AS FUNCTION OF TIME(LPR METHOD)
[image: image6.png]6 8 10 12 14 16

——0100 ——099 ~——NaCl





FIGURE 6

COMPARISON OF CORROSION RATE OF COPPER METAL AS DETERMINED BY MASS LOSS AND LPR METHOD
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FIGURE  7

CONTACT ANGLE OF UGNO ON COPPER METAL
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FIGURE 8

CORROSION RATE OF COPPER METAL IN CD,O5, O10, O20 AS FUNCTION OF TIME (LPR METHOD) 
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FIGURE 9

COMPARISON OF CORROSION RATE OF COPPER METAL AS DETERMINED BY MASS LOSS AND LPR METHOD
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IGURE 10

PHOTOMICROGRAPHS OF COPPER IN VARIOUS TEST MEDIA
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10(a)   Polished Sample           

                    10(b)   Sample Immersed inO100
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 10(c) Sample Immersed inO99                                     10(d) Sample Immersed in NaCl
FIGURE 11

PHOTOMICROGRAPHS OF COPPER IN UGNO-CD BLENDS
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 11(a)   Sample Immersed in CD 11(b) Sample Immersed inO5 11(c) Sample immersed in010
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11(d) Sample Immersed inO20                               11(e) Sample Immersed in O100

SUMMARY AND CONCLUSION

SUMMARY AND CONCLUSION 

  Biofuel has emerged as the most suitable renewable alternatives to fossil fuels as their quality constituents match diesel and petrol. The interaction of fuels with different materials may adversely affect both the fuel efficiency as well as corrosivity.

                    In the present work corrosion behavior of used ground nut oil as biofuel on copper metal was estimated by mass loss method by long duration static immersion test as well as by the linear polarization measurements. The reused ground nut oil adhered to most of the fuel properties as per ASTMD 6751 standards. The negligible corrosion rates of copper metal in the 100% biofuel indicates that this oil may be used as alternate fuel alone or in blended with petrodiesel as a cost effective measure .

The contact angle obtained for UGNO on copper metal is 1300 suggesting that the oil preferably wet with copper surface and hence is non corrosive.                       This study can further be extended by the rotating cage method adopting for mass loss determination. The rotating cage method stimulates the actual oil flow condition. Also the corrosivity of the used ground nut oil on other industrially important metals such as Aluminium, steel and alloys like brass, bronze etc should be determined so as to develop a complete data base of compatibility of metals in used ground nut oil.
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