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   :
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INTRODUCTION
1. INTRODUCTION

BIOFUELS

Biofuels are fuels derived from living plants, animals or their byproducts, which are not more than 20-30 years old. Biofuels contain stored solar energy and are a renewable source of energy, since the plants can be grown again. 

Since several years, the demand and price for crude oil are increasing continuously and discoveries of new oil fields are rapidly decreasing. New solutions have to be found to guarantee the high standard of daily life worldwide. The development of new technologies for processing and using biofuels is steadily progressing. Biofuels are becoming more and more competitive compared to fossil fuels. The use of biofuels features a number of advantages suitable for achieving energy, environment, agricultural and trade policies. Biofuels are emerging as a popular step towards a more sustainable transportation sector and several European countries have introduced advanced policies to support the production and use of biofuels. 

In the “Biomass Action Plane” (EC 2005) of the European commission various actions are described:

· To promote biofuels in developing countries

· To prepare for the large-scale use of biofuels

· To explore the opportunities for development of sustainable biofuels production in developing countries.

BIODIESEL

Biodiesel is the diesel replacement fuel that is manufactured from vegetable oils, recycled cooking greases or oils or animal fats. The biodiesel manufacturing process converts oils and fats into chemicals called long chain mono alkyl esters or biodiesel that are also referred to as fatty acid methyl esters (FAME) or fatty acid ethyl ester (FAEE). “Biodiesel” is defined in ASTM D6751 as “a fuel comprised of mono-alkyl esters of long chain fatty acids derived from vegetable oils or animal fats, designated B100” i.e., biodiesel is a long chain fatty acid ester composed of only one alcohol molecule and one ester linkage. Raw or refined vegetable oil contains three ester linkages and is therefore not legally biodiesel.

PROPERTIES OF BIODIESEL

Biodiesel is a liquid, which varies in colour-between golden and dark brown depending on the production feed stock. It is immiscible with water, has a high boiling point and low vapor pressure. Biodiesel has a density of 0.88 g/cm3, less than that of water. Biodiesel has virtually no sulfur content, and it is often used as an additive to Ultra-Low Sulfur Diesel fuel.

WHY WE USE BIODIESEL AS FUEL

Biodiesel is used in standard diesel engines and is thus distinct from the vegetable and waste oils used to fuel converted diesel engines. Biodiesel can be used alone, or blended with petro diesel.

Scientific research confirmed that the use of biodiesel has a 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. Biodiesels reduce the emission of those components by at least 13%. Biodiesel has lots of positive impacts on human body and environment. It is time we use this alternative fuel much higher scale.

BIODIESEL WORLD SCENARIO

Biodiesel is a fast-developing alternative fuel in the U.S. and Europe. Pilot plants for power generation and encouraging adoption by fleet operators have established biodiesel as a viable and sustainable alternate fuel. Worldwide, oilseed crops occupy an area of 166.36 million hectares with a production of 295.6 million tones and productivity of 1777 Kg/ha4. The biodiesel production from vegetable oils during 2004-05 was estimated to be 2.36 million tones and rest of the world 0.29 million tones. The EU usage of vegetable oil for biodiesel has been rising at about 30%annually. In EU, 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 tones.

Biodiesel is commercially available in most oilseed-producing states in the United States. As of 2005, it is somewhat more expensive than fossil diesel, though it is still commonly produced in relatively small quantities (in comparison to petroleum products and ethanol). Many farmers who raise oilseed use a biodiesel blend in tractors and equipment as a matter of policy, to foster production of biodiesel and raise public awareness. It is sometimes easier to find biodiesel in rural areas than in cities. Similarly, some agribusinesses and others with ties to oilseed farming use biodiesel for public relations reasons. As of 2003 some tax credits are available in the U.S. for using biodiesel. In 2004 almost 30 million gallons of commercially produced biodiesel were sold in the U.S.   

Brazil opened a commercial biodiesel refinery in March 2005. It is producing 12 million liters per year of biodiesel fuel. Feedstock can be a variety of sunflower seeds, soybean seeds, and coconut, palm seeds. The finished product will be currently a blend of gas oil with 2% biodiesel and after 2011, 5% biodiesel, both usable in unmodified diesel engines. 

BIODIESEL IN INDIA

Biodiesel is now being produced locally in India for use in three-wheeler motor rickshaws. These engines actually run on regular diesel fuel or CNG, but in the past kerosene were used because it was far cheaper, and worked just as well. However, kerosene was dirty and wasn’t as clean burning. Biodiesel is rapidly replacing both kerosene and diesel as a more efficient, cheap, and clean alternative. Today plans are being chalked out to cultivate jatropha plants on barren land to use its oil for biodiesel production.  

India has nearly 60 million hectares of wasteland, of which 30 million hectares are available for energy plantation like “jatropha”. Once grown, the crop has a life of 50 years. Biodiesel is carbon neutral and many valuable by-product flow this agro-industry. Intensive research is needed to burn bio-fuel in internal combustion engines with high efficiency, and this needs to be an urgent R&D programme. India has a potential to produce nearly 60 million tones of bio-fuel annually, thus making a significant and important contribution to the goal of energy independence. Indian Railways has already taken a significant step of running two passenger locomotives and six trains of diesel multiple units with a 5% blend of bio-fuel sourced from its in-house esterification plants. 

Biodiesel is being used experimentally to run state transport corporation buses in Karnataka. In addition, they have planted 75 lakh jatropha saplings in Railway land that is expected to give yields from the current year onwards. Indian oil corporation has tied up with Indian Railways to introduce biodiesel crops over 1 million square kilometers. Also, Jharkhand and Madhya Pradesh have tied up with Indian oil to cultivate large tracts of land with jatropha, the choice of crop for Indian biodiesel plans. In order to organize the industry, Biodiesel Society of India has been formed to encourage energy plantations for increasing feedstock supplies. Apart from employment generation, bio fuel has a significant potential to lead our country towards Energy Independence. Just as energy is the basis of life itself and ideas the source of innovation, so is innovation the vital spark of all human change, improvement and progress. The future of biofuels depends on the one hand on supportive policies but on the other hand on technical developments.

BIODIESEL PRODUCTION

FEEDSTOCKS 

Feedstock will ultimately open the door for new markets, research, development, and the commercialization of smarter and more sustainable feedstocks. In the case of biodiesel, it appears that algae could be the leading contender for production and sustainability. There are many options for utilizing different feedstock types for biodiesel production. Some examples of lipid feedstock sources are given in figure –1
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Figure -1 Lipid feedstock source

TRANSESTERIFICATION

The refined pure plant oil (PPO) can be used in refitted diesel engines, bio diesel, which is created by a transesterification step, has several advantages. One advantage is the lower viscosity of biodiesel when compared to PPO. Increased viscosity adversely affects fuel injection duration, pressure, and atomization of diesel engines. Bio diesel is very similar to fossil diesel and thus can be consumed in common diesel engines, which are refitted with only small efforts.

Transesterification also called alcoholysis is the process by which the refined oil molecule is “cracked” and the glycerin is removed, resulting in glycerin soap and methyl or ethyl esters (biodiesel). Organic fats and oil are triglycerides, which are three-hydrocarbon chain connected by glycerol. The bonds are broken by hydrolyzing them to from free fatty acids. These fatty acids are then mixed or reacted with methanol or ethanol forming methyl or ethyl fatty acids ester (mono carbon acid esters). The mixture separate and settles out leaving the glycerin on the bottom and biodiesel (methyl-, ethyl ester) on the top. Now the separation of these two substances has to be conducted completely and quickly to avoid a reverse reaction. 

These transesterification reactions are often catalyzed by the addition of an acid or base. The chemical transesterification reactions are often catalyzed by the addition of an acid or base. The chemical transesterification reaction is written as
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For the transesterification process, mainly the alcohols methanol and ethanol are used. Theoretically transesterification can be also processed with higher or secondary alcohols.


Transesterification with methanol, also called methanolysis, is the most commonly method for biodiesel production. Methanol is characterized by its lower prices and its higher reactivity as compared to other alcohols. This reaction can happen by heating a mixture of 80-90% oil, 10-20% methanol, and small amount of catalyst. For the reaction it is necessary to mix all ingredients well, as the solubility of methanol in vegetable oil is relatively low. The received biodiesel after methanolysis is fatty acid methyl ester (FAME).  


As methanol usually is a fossil product, the utilization of biodiesel in an ethanolysis reaction is often discussed as the more environmentally friendly alternative, since it allows the production of an entirely renewable fuel. In addition, ethanol is much less toxic and slightly increases the heat contents and cetane numbers of the resulting fuel. But, on the other hand, for ethanolysis much energy is needed and problems with the separation of the ester and glycerin phases are reported more frequently. The process energy costs seem to be higher as well. Biodiesel, which is received by ethanolysis, is also called fatty acid ethyl ester (FAEE). Since we are dealing with nature, the alkyl group on the triglyceride is probably different, so it would actually be more like.

Biodiesel production by using methanol transesterification reaction is written as,
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Although the transesterification process proceeds in the absence of catalysts as well, the reaction usually is conducted by using catalysts due to economic reasons. Non-catalytic reacting too slowly and high-energy inputs are required. The advantages of non-catalytic process would be the creation of purer esters and soap – free glycerin. Several types of catalysts can be used:

· Alkaline material

· Acidic material

· Transition metal compounds

· Silicates

· Lipases


Acidic and alkaline catalysis can be divided between homogeneous and heterogeneous catalysis by far is the most commonly used reaction type for biodiesel production. Sodium hydroxide (NaOH) and potassium hydroxide (KOH) are the most common alkaline catalysts, in part because with them, transesterification can happen at a lower temperature. Typical processes produce a volume of bio diesel equivalent to the volume of the original plant oil.

STANDARDS ON BIODIESEL      

Biodiesel is the generic name of diesel fuel produced from renewable sources (biological organisms). The biodiesel association of Canada defines biodiesel as “The mono alkyl esters of long-chain fatty acid that are derived from fats and oils and that meets or exceeds the specifications of ASTM D6751 and EN 14214.

TABLE 1  THE REQUIRMENTS OF BIODEISEL AS PER ASTM D6751 AND EN 1421
	PROPERTY
	STANDARED

	
	ASTM    D6751
	UNITS
	EN14214
	UNITS

	Flash point
	130.0min
	0c
	120.0min
	0c

	Water and sediment 
	0.050max
	%Vol
	500max
	Mg kg

	Kinematic viscosity 400c
	1.9-6.0
	mm2/sec
	3.5-5.0
	Mm2/sec

	Sulfated Ash
	0.020max
	%Mass
	0.02max
	%(Mm-1)

	Sulfur (S 15 grade) 
	0.0015max
	ppm
	10max
	Mg/kg

	Sulfur (S 500 grade)
	0.05max
	ppm
	---
	---

	Copper strip corrosion 
	No 3max
	
	1
	Rating

	Cetane 
	47min
	---
	51.0 min
	---

	Carbon Residue 
	0.050max
	%Mass
	0.3 max
	%(Mm-1)

	Acid Number
	0.80max
	Mg

KOH/gm
	0.5 max
	Mg

KOH/gm

	Free Glycerin
	0.020max
	%Mass
	0.02 max
	%(Mm-1)

	Total Glycerin
	0.240max
	%Mass
	025 max
	%(Mm-1)

	Phosphorous contents 
	0.001max
	%mass
	10 max
	mg /kg

	Distillation Temperature, Atmospheric Equivalent temperature, 90 % recovered
	360 max
	0c
	---
	---




CORROSION


Corrosion can be defined as the deterioration of material by reaction to its environment. The corrosion occurs because of the natural tendency for most metals to return to their natural state; e.g., iron in the presence of moist air will revert to its natural state, iron oxide. Metals can be corroded by the direct reaction of the metal to a chemical; e.g., zinc will react with dilute sulfuric acid, and magnesium will react with alcohols.

METAL CORROSION 


Metal Corrosion can be defined as the destructive attack of a metal through interaction with its environment. Most metals used in the construction of facilities are subject to corrosion. This is due to the high energy content of the elements in metallic form. In nature, most metals are found in chemical combination with other elements. These metallic ores are refined by man and formed into metals and alloys. As the energy content of the metals and alloys is higher than that of their ores, chemical re-combination of the metals to form ore like compounds is a natural process.

CORROSION OF ALUMINIUM

Aluminium alloys are widely used in structures where a high strength to weight ratio is important, such as in the transportation industry. Aluminium has a natural corrosion protection from its oxide layer, but if exposed to aggressive environments it may corrode. Still, if correctly fabricated, constructions of aluminium may be reliable and have long service life. 

PASSIVITY OF ALUMINIUM
From a purely thermodynamical point of view aluminium is active. However, in oxygen containing environment (air, water), aluminium is rapidly covered with a dense oxide layer. The oxide layer is essentially inert, and prevents corrosion. The thickness of the layer may vary as a function of temperature, environment and alloy elements. Oxide films formed in air at room temperature are 2-3 nm thick on pure aluminium. Heating to 425°C may give films up to 20 nm. If the oxide film is damaged, e.g. by a scratch, new oxide will immediately form on the bare metal. This way aluminium is given excellent corrosion protection. Hence this present work is proposed to deal with the corrosion of aluminium in used palm oil.

CONTAMINATION OF BIODIESEL


All fuels are susceptible to contamination at various points along the supply chain from the production, transport, storage and fuel aging and degradation. These contamination points primarily introduce water, “colour-bodies”, salts, organic and inorganic acids and microbes into the fuels that may cause them to shift out of specification and negatively affect materials compatibility and system performance. Water contaminants are not uncommon in residential oil tanks from supply chain contamination or atmospheric condensation as the fuel level in the tank is lowered and displaced with outside air. Salts may be introduced from salt air aerosols. Acids may come residual process compounds during refining, ester hydrolysis, or microbial growth by products. 

CORROSION IN BIODIESEL
Most corrosion issues have been observed in storage tanks. 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 spill containment valve or piping. Entry of moisture 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 tanks, biodiesel is not stored in partially filled tanks for prolonged duration. If prolonged period of storage 18 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 conditions for corrosion, tanks are designed with a bottom drainage valve to drain water accumulates at the bottom of the tanks. 

Some pipelines deteriorate slowly and in certain cases pipeline life has been reliably targeted at 70 years or more. Other pipelines have been build which have exhausted their useful life after 1 year of operation. Apart from the quality of the construction, coatings, etc. the factors, which affect pipeline life, include nature of the product, nature of the external environment operating conditions and quality of maintenance. 

CORROSION BEHAVIOR OF ALUMINIUM EXPOSED TO A BIODIESEL
Aluminium was exposed to biodiesel with different level of contaminants and impurities and its corrosion behavior was evaluated by conventional electrochemical techniques. It was found that the corrosion behavior of aluminium in biodiesel contaminated with alkalis is similar to the corrosion behavior 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. Hazardous liquid pipelines transporting Ethanol, Ethanol Blends, and other biofuels. 

The Department of Transportation (DOT), in coordination with the Department of Energy, Department of Agriculture and others is considering current and future transportation challenges posed by growing demand for ethanol and other biofuels and biofuel blends. Although pipelines have long been a primary mode for high volume transportation of gasoline and other petroleum products, most biofuels used in the U.S. today care transported exclusively by marine vessel, rail and / or highway. 

MATERIALS FOR BIODIESEL TRANSFER AND STORAGE

Tankers dedicated to biodiesel fuel are used. If tankers dedicated to biodiesel use are not available, non-dedicated tankers (i.e., tanks then last carried diesel fuel, kerosene or heating oil) are washed, rinsed, drained and dried prior to loading the biodiesel. 
Construction materials of tankers, storage tanks, pipes and pumping equipment are critical. Construction materials such as carbon steel, stainless steel or aluminium are used. Biodiesel and biodiesel blends corrode or form sediments when in contact with the metals including: brass, copper, tin, bronze, lead and zinc. 

PIPELINE RESEARCH AND DEVELOPMENT – INVITATION TO COMMENT

The PHMSA (Pipeline and Hazardous Materials Safety Administration) is targeting some of its research and development activity at advancing the most promising technologies for the safe operation of biofuel pipelines. The challenge is to identify quantify and safety and reliability threats to biofuel. Pipelines and to remove or manage these threats through a risk-based, data driven integrity management approach. 

Although pipelines are highly efficient, they have not been used on a widespread basis for transporting gasoline – ethanol blends. This is partially a function of unresolved technical and operational issues that would affect both the use of existing products pipelines and the prospect of building new dedicated biofuel pipelines. These include metallurgical issues, such as internal corrosion and stress corrosion cracking, and operational issues, including the performance of seals, qosuets and internal coating. 

PALM OIL
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                          Figure 1(a)                                            Figure  2(b)                          

The oil palm (Elaeis guineensis) is one of the two palm trees (besides coconut palm) that are used for oil production, mainly in south Asian countries. The two largest producers are Malaysia, Indonesia, where palm oil production has grown rapidly over the last decade. Nigeria has the second largest planted area. The high potentials are expected in Brazil. 

While most palm oil is used for food purposes, the demand for palm biodiesel is expected to increase rapidly, particularly in Europe. 

The Netherlands is the EU’s largest importer of palm oil, followed by the United Kingdom. UK imports alone doubled between 1995 and 2004, to 914,000 tons, which represented 23% of the EU.

The increasing imports of palm oil into the EU evoke the need of sustainability standards for the cultivation of this feedstock to avoid hazardous impart in the producing countries, nevertheless. The main advantages of palm oil are very high hectare yields and moderate world market prices today, compared to other edible vegetable oils. 

Palm oil is naturally reddish because it contains a high amount of beta-carotene. It is thus semi-solid at typical temperature climate room temperatures, though it will more often appear as liquid in warmer countries. 

Palm oil is characterized by high amounts of medium-chain saturated and mono saturated fatty acids. High content of saturated fatty acids are leading to unacceptable high values for cold filter plugging point (+11(C) and cloud point  (+13(C) which prevents winter operation on neat palm oil methyl ester in temperature climates. Additionally, high contents of fatty acids in the feedstock cause problems in traditional alkali-catalyzed biodiesel production and thus necessitate deacidification or acid catalyzed pre-esterification steps. 
FORMULA

Palm oil is a triglyceride i.e. glycerol esterified by 3 different fatty acids, namely palmitic, oleic and alpah-linoleic. Chemical formula is C55H96O6.
ILL EFFECTS OF REUSED OIL

Studies suggest that the number of times we reuse cooking oils can also affect our health. Spanish researchers found that people whose kitchens contained any type of oil that had been reused many times over were more likely to have high blood pressure than people whose cooking oils were changed more frequently. The deep-fried oil has an effect on allergic reactions of the digestive tract, growth retardation, increased weight of the liver and kidneys and other biochemical reactions. Necrosis, dark red patches, and bleeding were found in rats fed a diet of food fried in used oil. It cause human serum levels and damage liver and kidneys.

REUSED PALM OIL

Complete recycling of waste edible oil has recently attracted considerable attention as a worldwide social problem. In most cases the use of vegetable oil to make fuels, is a way to reuse waste cooking oil. If the vegetable oil was not converted into fuel, it would be wasted and dumped into the landfill or sewer. Bio diesel is a better fuel than diesel made from petroleum, since it has lower emissions. Production of a biodiesel fuel from used vegetable oil is considered an important step in reducing and recycling waste oil. This technology employs used vegetable oil as a potential renewable alternative resource to fossil diesel fuel. The vegetable and waste palm oils used to fuel converted diesel engines. Biodiesel can be used alone, or blended with petrodiesel. 

Now days, used vegetable oils from fast food restaurants 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 (Aluminium) in used palm oil, which was collected from a fast food restaurant in Erode.

OBJECTIVES
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To conduct a systematic study to test the corrosivity of used palm oil on Aluminium
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To compare the values of oil characterization and ASTM D6751 Standard.
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To find out the composition of Aluminium metal.
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To evaluate the corrosion rate of Aluminium in 3% NaCl.
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To evaluate the corrosion studies of mild steel in commercial diesel and used palm oil and for a period of 100hrs at room temperature using the weight loss method.
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To determine the corrosion rate of Aluminium in various blends of commercial diesel and UPO.
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To measure the conductivity of solution for before and after experiments.
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To carry out the polarization method to evaluate the corrosion rate for period of 24 hours for Aluminium.
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To compare the corrosion rate obtained in weight loss method with that obtained by linear polarization method.
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To determine the wettability of oil on Aluminium using contact oil method.
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To determine the emulsion inversion point by conductance measurements of oil   and brine solution.




              REVIEW OF LITERATURE
2. REVIEW OF LITERATURE

The development of using biofuels is steadily progressing. Biofuels are becoming more and more competitive compound compared to fossil fuels. All fuels are susceptible to contamination at various points along the supply chain from the production, transport, storage and fuel aging and degradation. Therefore it is important to understand the biodiesel-materials interaction in various stages (production, storage, transportation, and usage). This reviews the corrosion issues of various biodiesels dealt by various scientists.

Edwards. R.C   et al., 1988 have studied the use of the Pipeline Corrosion Tool and Video Camera introduces a precise means to completely inspect pipelines. Metal loss was detected and then correlated to a video survey. Both tools have been physically designed to traverse the extreme bends found in gathering systems. Pipeline logging was an accurate and economically attractive alternative for detection of internal and external corrosion in pipelines.

Florian Mansfeld    et al., 1990 have reviewed of the literature concerned with the application electrochemical techniques in the study of microbiologically influenced corrosion (MIC). 

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

H. H. Masjuki   et al., 1999 have studied tribiological and emission of Palm oil and mineral oil based lubricants performance of the palm oil based lubricating 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. 

M. A. Maleque   et al., 2000 have studied the friction behavior of POME (palm oil methyl ester) as an additive in commercial lubricant indicates 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 methyl ester palm oil also known as palm oil diesel. The results of this investigation will be used to find compatible lubricant for bio diesel engines.
J. W. Goodrum , 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., 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.

P. M. Natishan   et al., 2002 have examined the corrosion behavior of Ta---Al surface alloys produced by ion implantation at room and liquid nitrogen temperatures in de-aerated, 0.1 M NaCl. Surface analysis using Rutherford backscattering spectroscopy and X-ray photoelectron spectroscopy showed that the surface concentration of Ta was greater in samples that were ion implanted at liquid nitrogen temperatures. 

Ilija Gawrilow, 2003 have studied the vegetable oils were finding their way into lubricants for industrial and transportation applications. Palm oil along with some other common and commercially available vegetable oils will be reviewed as to their applicability and define those issues that may find these oils unsuitable or restricted to some limited applications.

Florian Mansfeld   et al., 2003 have reviewed the literature concerned with the application of electrochemical techniques in the study of microbiologically influenced corrosion (MIC). The electrochemical techniques covered in this review included measurements of the corrosion potential, the redox potential, the polarization resistance, the electrochemical impedance, electrochemical noise, and polarization curves including pitting scans. 

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 expose for up to 26 weeks in an organic phase, water phase and inter face water- bio diesel. 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 vapour 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 larger than that obtained by burning just the diesel oil. Moreover, water vapor contributed to higher SO2 concentrations in the gas produced. SB450 suffers sulfidation more seriously in an atmosphere that contains water vapor than in one obtained by burning diesel oil; it thus deteriorates more rapidly. 

F.D. Wall   et al., 2003 have studied AC and DC electrochemical experiments were performed as a function of humidity and contaminant concentration in an effort to identify the range of atmospheric environments where corrosion processes could be detected and possibly quantified. AC measurements exhibited two times constants at 25% relative humidity (RH), possibly indicating the ability to resolve both electrolyte resistance and interfacial impedance.

P.M. Natishan   et al., 2003 have studied the effect of ion implantation on the corrosion behavior of aluminum, it was important to insure that the implanted surface was free from surface irregularities that could shadow portions of the surface from the ion beam and thereby produced anomalous corrosion behavior.
Several chemical compounds were shown to be capable of inhibiting the growth of corrosion-associated microorganisms, and all of these Compounds limited the amount of corrosion was difficult to control corrosion caused by mature biofilms, but any compound that disrupts the metabolism of any of the major microbial groups present in corrosion-associated biofilms showed promise in limiting the rate of corrosioned by mature biofilms to a similar extent. Bill W. Bogan   et al., 2004.

The influence of temperature on the corrosion behavior of low carbon pipeline steels in the CO2 saturated solutions in the closed autoclave system has been studied by lower temperatures, the surface films have an open porous structure and hence the FeCO3 film formed dissolved continuously in the CO2 saturated solution. Between 60 to 90oC, the FeCO3 film accumulated more in the outer part, which is more porous, less dense and non-protective in nature and hence the corrosion rates of samples increase with temperature.  G.S. Das   et al., 2004.

D.Q. Peng   et al., 2004 have studied potentiodynamic polarization technique was employed to evaluate the aqueous corrosion resistance of implanted M5 alloy in 1 M H2SO4 solution. It was found that a significant improvement was achieved in the aqueous corrosion resistance of M5 alloy implanted with carbon ions. The higher the fluence, the better is the corrosion resistance. Finally, the mechanism of the corrosion behavior of carbon-implanted M5 alloy was discussed. 

Rolf Borg, 2005 have concluded the pH stabilization technique can not be used for oil pipelines or gas condensate pipelines where large quantities of formation water are transported, injection of corrosion inhibitors is the most used corrosion control method for such pipelines. 

Yung Chee Liang   et al., 2005 have investigated their effect on the oxidative stability of distilled palm oil methyl esters. It was found that both types of antioxidant showed beneficial effects in inhibiting the oxidation of distilled palm oil methyl esters. Comparatively, the synthetic antioxidants were found to be more effective than the natural.

Sandun Fernando   et al., 2005 have been evaluated the performance of fatty acid methyl ester with different proportions of unconverted tri glycerides has been evaluated.  The study has comprehensively evaluated the effect of un converted tri glyceride of flash point, water and sediment, kinematics viscosity, sulphur content, sulphated ash, copper strip corrosion, cetane number, cloud point, carbon residue, acid number, free glycerin, total glycerin, phosphorus content and distillation temperature.

W. Yuan   et al., 2005 have analyzed the scmitivity 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., 2005 have studied the potentiodynamic polarization technique was employed to evaluate the aqueous corrosion resistance of implanted zirconium in 1 M H2SO4 solution. It was found that a significant improvement was achieved in the aqueous corrosion resistance of zirconium implanted with aluminum ions. Finally, the mechanism of the corrosion behavior of aluminum-implanted zirconium was discussed. 

Savita Kaul, R.C. Saxena, et al., 2006 have investigated the corrosion behaviour of biodiesel from non-edible oils like Jatropha curcas, Pongamia glabra (Karanja), Madhuca indica (Mahua) and Salvadora oleoides (Pilu) Corrosion characteristics of biodiesel are important for long-term durability of engine parts, and very little information is available on this aspect. The studies were therefore taken up to assess the corrosion of synthesized biodiesel from the above-mentioned non-edible oils. 

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

Zheng ji- Lu, 2006 have studied that the rice husk was fast pyrolysed at temperature between 420oc and 540o c. In a fluidized bed, and the main product of bio oil was obtained. The experimental result conformed that the highest bio oil yield of 56weight percentage was obtained that 465oc for rice husk. Chemical composition of bio oil acquired was analysed by GC-MS and its heat value, stability, miscibility and corrosion characteristic were determined.

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 and also examined the basic chemistry involved during frying and the effects of the products formed in the frying process on biodiesel quality.
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 that reduced the cost impact of biofuels 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. 

A.P. Roskilly   et al., 2007 have studied 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 were found to be reduced when fuelled with biodiesel. The CO emissions were found to be lower when the engines operated at higher loads using biodiesel.

Adelina J. Son, 2007 described that the numerous laboratory methods have been developed to evaluate the concentration of various corrosion inhibitors in oil and gas production fluids. 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. 

Ayhan Demirbas, 2007 have studied the scarcity of known petroleum reserves has make renewable energy resources more attractive. The most feasible way to meet this growing demand was by utilizing alternative fuels. Biodiesel is defined as the monoalkyl esters of vegetable oils or animal fats. Biodiesel was the best candidate for diesel fuels in diesel engines. The biggest advantage that biodiesel has over gasoline and petroleum diesel was its environmental friendliness.  




References and further reading may be available for this article. To view references and further reading you must purchase this article.

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

A. Senatore   et al., 2008 combustion in a modern diesel engine fueled with biodiesel and in particular some of the influences on engine parameters analyzed by in order to demonstrate how an optimization strategy of ECU parameters could be applied to a diesel engine, when it was fueled with different fuels, with different physical/chemical characteristics.

Daoming Sun   et al., 2008 have studied the potentiostatic conditions on stainless steel electrodes in chloride solution, a novel electrochemical cell equipped with an ultrasonic transducer has been designed to evaluate the metastable and stable pitting corrosion behaviors.

Thiam Leng Chew   et al., 2008 have briefly explained effect of catalyst additives on the production of biofuels from palm oil cracking in a transport riser reactor. 

Choon-Hui Tan   et al., 2008 have applied the response surface methodology to optimize the pre-treatment of oil palm (Elaeis guineensis) fruit spikelet before oil extraction. The treatment applied was drying at different times and temperatures. The dried spikelets were then subjected to mechanical processes and crude oil was extracted. The low free fatty acid crude palm oil exhibited good physicochemical properties and could be useful for industrial applications.

 B.H. Hameed   et al., 2008 have used the response surface methodology (RSM) based on central composite design (CCD) was used to optimize the three important reaction variables — methanol/oil molar ratio reaction time and amount of catalyst for production of biodiesel from palm oil using KF/ZnO catalyst. Based on the CCD, a quadratic model was developed to correlate the reaction variables to the biodiesel yield. 

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

Yage Di     et   al., 2008 have studied that the experimental investigation on regulated and unregulated emissions of a diesel engine fueled with ultra-low sulfur diesel fuel blended with biodiesel from waste cooking oil


References and further reading may be available for this article. To view references and further reading you must purchase this article.. 

R. Shyamala   et   al., 2008 have investigated the development of new technologies for processing and using biofuels is steadily progressing. Biofuels are being increasingly used with fossil fuels. All fuels were susceptible to contamination at various points along the supply chain from the production, transport, storage and fuel aging and degradation.

R. Shyamala   et   al., 2008 have studied the alternative fuel source is very important to meet the demands on fossil fuel energy and account of bio diesel as an emerging fuel in the scenario.

S. Papavinasam   et   al., 2008 have investigate the effects of hydrocarbons and corrosion have been predicted based on type of emulsion (water-in-oil or oil-in-water), wetability (oil wet, water or mixed wet), and corrosivity of brine in the presence of hydrocarbons. The wetability and the type of emulsion have been determined for 14 hydrocarbons obtained from operating pipelines.

S.P. Singh   et al., 2009 have reviewed the source of production and characterization of vegetable oils and their methyl ester as the substitute of the petroleum fuel and future possibilities of Biodiesel production. 

Jianwei Tan   et al., 2009 have investegated the characteristics of carbonyl compounds emissions on a direct injection, turbocharged diesel engine fueled with pure biodiesel derived from soybean oil. The gas-phase carbonyls were collected by 2,4-dinitrophenylhydrazine (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. 

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 in 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.M. Geng   et   al., 2009 have prepared the biodiesel from soybean crude oil prepared by a method of alkaline-catalyzed transesterification. The important properties of biodiesel were compared with those of diesel. Diesel and biodiesel were used as fuels in the compression ignition engine, and its performance, emissions and combustion characteristics of the engine were analyzed. The results showed that biodiesel exhibited the similar combustion stages to that of diesel, however, biodiesel showed an earlier start of combustion. 




References and further reading may be available for this article. To view references and further reading you must purchase this article.Lei Zhu et   al., 2009 have studied that emission characteristics of a diesel engine operating on biodiesel and biodiesel blended with ethanol and methanol.

Yoge Di, C.S. Cheung   et al., 2009 To investigate the regulated and unregulated emissions of the engine under five engine loads at an engine speed of 1800 rev/min. Blended fuels containing 19.6%, 39.4%, 59.4% and 79.6% by volume of biodiesel, corresponding to 2%, 4%, 6% and 8% by mass of oxygen in the blended fuel, were used. Biodiesel used in this study was converted from waste cooking oil. The combination of ultra-low sulfur diesel and biodiesel from waste cooking oil gives similar results to those in the literature using higher sulfur diesel fuels and biodiesel from other sources.




References and further reading may be available for this article. To view references and further reading you must purchase this article.A.S.M.A. Haseeb   et al., 2009 have investigated characterized 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. compared the experimental conditions, pure copper were more susceptible to corrosion in biodiesel as compared to leaded bronze.

M. Loganathan et al., 2010 have investigated 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. 

Alexander Guzman   et al., 2010 have studied the high cetane index renewable diesel can be obtained by hydro processing of palm oil using conventional hydro treating catalyst (NiMo/γAl2O3). At 40–90 bar hydrogen pressure crude palm oil (CPO) can be deeply converted into paraffin’s in the diesel range. At lower pressures hydrodeoxygenation cannot be fully reached and the appearance of intermediates as C16–C18 alcohols, C16–C18 acids and esters were preliminary identified in the reaction product. Times of stream (TOS) experiments have shown that conventional hydro treating catalyst suffers of slight deactivation as the reaction proceeds.

H.N. Meenakshi    et al., 2010 have investigated the corrosion rates of aluminium, copper, brass, and carbon steel in biodiesel obtained from Pongamia Pinnata.
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3. MATERIALS AND METHODS

The experimental procedure and materials adopted for achieving the desired 

objectives are described below.

3.1. SELECTION OF SAMPLE
Aluminium is chosen due to its wide range of applications in industries, low cost and easy availability. Aluminium is remarkable for its ability to resist corrosion due to the phenomenon of passivation and for the metal’s low density. Structural components made from aluminium and its alloys are vital to the aerospace industry and very important in other areas of transportation and building.

3.2. PREPARATION OF SAMPLE

The sheet of cold rolled aluminium steel, which is commercially available in the market, were 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 a dessicator in the absence of moisture before their use for the investigation.

The elemental analysis of the mild steel sample has been carried out at Premier Instrument and Control Limited (PRICOL), Coimbatore Testing Laboratory by using vacuum emission spectrometer DV-4.The composition of Aluminium used in the investigation is given in table-2.

TABLE 2    METAL COMPOSITION OF ALUMINIUM SAMPLE

	S.NO
	ELEMENT
	% OF CHEMICAL COMPOSITION



	1

2

3

4

5

6

7

8

9

10

11

12
	ALUMINIUM

COPPER

MAGNESIUM

SILICON

IRON

MANGANESE

NICKEL

ZINC

LEAD

TIN

TITANIUM

CHROMIUM


	99.013

0.037

0.299

0.285

0.194

0.075

0.015

0.008

0.000

0.020

0.021

0.033


SELECTION OF OIL AND CHARACTERIZATION

 Used palm oil was collected from particular restaurant in the characterization of the oil was performed as per ASTM D6751in IND-AG Inspection and Testing Laboratory, Coimbatore. The analyzed parameters are given in table-3.

3.3. CORROSION RATE MEASUREMENT 

 3.3.1. MASS LOSS METHOD:

Specimens were accurately weighed in an electronic balance (SHIMADZ -AUW220D) and fully immersed in 200ml of test media for a period of 100hrs.

Test media:


O100
Oil

O99                   1% of  3% NaCl + 99% Oil 

NaCl
3%NaCl


CD 
Commercial Diesel

O5
5ml + 95ml 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 for three samples in each test media. The corrosion rate was calculated from the following equation.

                                                                   3.45*mass. Loss (grams)

Corrosion rate (mpy) =
   
 

                                                       Density (g/cm2)*Area (cm2) Time (hours)

3.4. CONDUCTIVITY MEASUREMENTS

 
The conductivity of O100, O99, NaCl, O5, O10, O20 and CD was measured using conductivity meter (EQUIPTRONICS EQ-660A) before and after exposure of coupons.

3.5. LINEAR POLARISATION RESISTANCE METHOD
A computer controlled commercial potentiostat was used for the polarization study. The electrochemical cell 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 metal specimen (with an exposed area of 1cm2) as the working electrode. The metal coupons (of same composition in the mass loss method) .The linear polarization measurements were carried out within the potential range of -0.02Vto +0.02V (scan ratio 0.1667mV/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 was calculated.

                                                                             

.Corrosion Current Icorr      =  1/ RP                   βa . βC    

                                                                  2.303 (βa + βC)

Assuming value of 120mV for both βa and βC the above equation is reduced to:




 Icorr  =   26 / Rp

From the corrosion current, corrosion rate was calculated using the ASTM G5standard.   

3.6. WETTABILITY-CONTACT ANGLE METHOD

Metal sample were polished and cleaned first with distilled water and then with ethanol. The samples were then placed in a non- reflecting rectangular glass tank containing distilled water and the oil was injected through a syring 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 were measured with a protractor.

3.7. ERMULSION 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 20minutes.the conductivity was measured at 2minutes interval. These steps were repeated with different oil/NaCl ratios, starting with 100% oil and progressively increasing the water content in steps of 10% until 100% NaCl was reached.
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4. RESULT AND DISCUSSION

In the present work, to test the corrosion of Aluminium, the reused palm oil has been chosen as a biodiesel. It is cost effective. Since it is only the waste reused oil, which is non-edible.  
4.1. CHRACTERIZATION OF USED PALM OIL

As the use of biofuels has increased considerably in the last few years the need for specifications are standards of the authorities have highlighted these biofuels. These standards are of vital importance for producers, suppliers, and users of biodiesel as well as for the researchers. A standard is a prerequisite for the market introduction and commercialization of new fuels. (Biofuel Technology Hand Book).

Hence, the reused palm oil selected as the biodiesel in this work has been characterized for the required specification of standard for biodiesel. The biodiesel properties as per ASTM D6751 and EN 14214 (given in table-1) are tabulated in table-3.

On comparison most of the properties of the used palm oil selected in this work adheres to the ASTM D6751 and EN 14214 standards.

4.2. CORROSIVITY OF BRINE SOILUTION IN THE PRESENCE OF USED PALM OIL 

The corrosion of metals in NaCl biodiesel and biodiesel-diesel blends under storage and transportation condition is electrochemical in nature. In this work the corrosion of Aluminium in used palm oil was investigated under seven conditions;

            O100        
Oil

O99                   1% of  3% NaCl + 99% Oil 

NaCl
3%NaCl


CD 
Commercial Diesel

O5
5ml + 95ml CD

O10
10ml oil + 90ml CD

O20
20ml oil + 80ml CD
3% NaCl is considered to represent the water contamination because at this concentration highest corrosion rate of metal has been observed. (H.H. Uhlig).

The corrosion rates of Aluminium as determined by mass loss method are presented in table-4 and for O100, O99 and NaCl. The corrosion rate of Aluminium in O100 was far lower than in NaCl solution. On addition of 1% NaCl solution the corrosion rate decreased compared to that in NaCl solution but there was hardly any change when compared to O100.

4.2.1. MASS LOSS METHOD

The corrosion is serve in NaCl as expected since Aluminium is prove to corrode in aqueous condition. The corrosion rate of Aluminium in O100 is the least. Addition of 1% NaCl solution to the oil i.e., O99 does not alter much the corrosion rate of the metal.

In order to understand the influence of chosen biodiesel (used palm oil) and the corrosion process of Aluminium the following properties can be used. They are the corrosivity of brine in the presence of oil, type of emulsion and wettability.

As long as the Aluminium is in contact with the palm oil, corrosion seldom occurs. Since the non-ionic nature of oils and hydrocarbons are non-corrosive. The very low corrosion rate in used palm oil, which may be due to the absorbed moisture. At low concentration of water, i.e., an addition of 1 ml of 3% NaCl palm oil can firm emulsion with the water. From the perspective of corrosion two type of emulsion viz., (water/oil or oil/ water) are important. In the presence of little amount water the emulsion formed is water/oil type. As long as water/oil emulsion is present, oil is the continuous phase. The solution is non corrosive since the water is trapped inside oil phase this well evidence from table-4 as there is not much difference in the corrosion rate in, O99 compared to O100.

4.2.2. CONDUCTANCE MEASUREMENT

In table-4 it is faired that NaCl has highest conductance while that of used palm oil is least. Also the addition of 1% of NaCl has not increased the conductivity of the palm oil. This brings out the direct correlation of non-corrosive nature of water/oil emulsion directly with the conductivity. The conductivities of solution after exposure were found to be low. This may be due to decrease in the ionic content in the test medium or complex formation of the solution with metal ion.

4.2.3. LINIER POLARIZATION METHOD

The corrosion rate Aluminium as a function time in used palm oil NaCl obtained by LPR method are depicted in the figure 3 and tabulated in table-5. The observed corrosion rate less in O99 and O100 than in NaCl. Even though the corrosion rate of O99 and O100 are low, there was a little difference between them and follows the same trend as in mass loss method. The corrosion rates obtained via mass loss method and LPR methods are compared in figure-4. The values are found to be higher in LPR method. This may be due to the adaptation of methodology. It should be noted that LPR method measure instantaneous corrosion rates where as mass loss method measures time averaged corrosion rates.

4.3. WETABILITY- CONTACT ANGLE METHOD

The presence of free water, or of o\w emulsion, does not necessarily lead to corrosion. Under this condition, wetability of the oil on the metal determines corrosivity. Based on the wetability, oil can be classified in to three categories.   

· Oil-wet surface

On an oil-wet surface, the oil has a strong affinity to be in contact with metal. Oil –wet surfaces physically isolate the pipe from the corrosive environment and under such conditions corrosion does not occur.
· Water-wet surface

On a water-wet surface the oil does not have affinity to be in contact with metal; in fact the oil may not be in contact with the carbon steel at all, even when it is the only phase. A water-wet surface is highly susceptible to corrosion. 
· Neutral-wet surface

On a neutral-wet surface, the oil does not have any preference to be in contact with metal. The oil may be in contact with the metal surface as long as there is no competing phase present.

Figure (5) provides examples of different contact angles of oil drops and water on metal surface. (Standard guide for determining corrosivity of crude oils-ASTM standards).      [image: image21.png]WATER WATER

(@ 6=0 (b) 6 =25°
(water spreading)

ol o

(d) 6 =100°

M 6 =180°
(oil spreading)




                                                               

FIGURE 5. CONTACT ANGLE DIAGRAM

      In the present work, the contact angle of the water-biodiesel system on Aluminium was measured through the water phase. The tendency of a biodiesel to displace water from metal can be estimated by considering the relative surface energies of all interfaces involved. A water-metal interface will be replaced by an oil-metal interface if the energy of the system decreases as a result of this action. Therefore if follows that displacement of water by oil should be expected when the contact angle line between 900 and 1800, while the displacement of oil by water should be expected when the contact angle is between 00and900. The surface is considered water-wet when the contact angle is between 00 and 900, and oil-wet when contact angle is between 900 and 1800.

The measured contact angle is given in table-6 and corresponding photograph is given in figure-6. The contact angle for Aluminium is 1270 suggesting that the oil preferably wets on Aluminium. Thus it is found that used palm oil has a strong affinity to contact with the metal and isolates the metal from the corrosive environment. Therefore in this case the corrosion process is very slow.
4.4. EMULSION INVERSION POINT

One of properties to understand the influence of bio diesel on the corrosion process is the type of emulsion formed with brine in the presence of biodiesel. Two different types of emulsions are oil in water (o/w) and 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. Emulsion inversion point for the studied oil has been given in figure- 7 and corresponding date are tabulated in table-7. Even though, the inversion of water in oil emulsion to oil in water emulsion occurred at 90% water, there was a slight deviation has been observed between 70-80% water for used palm oil. The measured conductance of O90, O100 are found to be low in EIP measurements table-7, which also gives the same measures in mass loss method as well table-4.

4.5. CORROSIVITY OF USED PALM OIL – DIESEL BLENDS

The corrosion rates of Aluminium in 100% used palm oil and its blends (O5, O10, O20) with commercial diesel and 100% commercial diesel where determined by mass loss and Linear polarization resistance methods and they are presented in tables – 8 and 9. The measured corrosion rates were very low and not much difference in the corrosion rates of Aluminium in O100 and its blends with commercial diesel. The corrosion rates obtained by Linear polarization resistance method is depicted in figure-8.

The comparison of corrosion rates obtained by mass loss and Linear polarization resistance methods are shown in figure-9. The corrosion rate values are found to be higher in mass loss method than in Linear polarization methods.

The lower conductivities of solution after exposure than that before except diesel indicates that there was no degradation in oil and its blends. The increased conductivities in commercial diesel may be due to the absorption moisture from its environment.

The corrosion rate of aluminium in used palm oil is negligible and is as same as in commercial diesel. Hence used palm oil may be used as one of the blending component for diesel engines to meet the scarcity of crude oil and mitigate their adverse effect on the climate particularly no contribution to global warming.

TABLE 3

CHARACTERIZATION OF USED PALM OIL AS PER ASTM D675

	PARAMETERS
	VALUE
	UNITS

	Flash point
	162
	0c

	Water and sediment
	0.075
	%

	Kinematic viscosity 4000c
	28
	mm2/sec

	Sulfated Ash
	0.01
	%

	Sulfur content
	15
	mg/kg

	Copper strip corrosion
	1.2
	_

	Cetane
	_
	_

	Carbon Residue
	0.27
	%

	Acid Number
	1.6
	mg KOH/gm

	Free Glycerin
	0.01
	%

	Total Glycerin
	0.12
	%

	Phosphorous contents
	1.8
	%

	Distillation Temperature, Atmospheric Equivalent temperature, 90 % recovered
	292
	0c


TABLE  4

CORROSION RATES OF ALUMINIUM IN O100, O99 AND NaCl (MASS LOSS METHOD)

	MEDIUM
	SPECIMEN
	INITIAL WEIGHT

(g)
	FINAL WEIGHT

(g)
	MASS LOSS

(g)
	CORROSION RATE

(mpy)
	CONDUCTANCE (µΩ-1)

	
	
	
	
	
	
	BEFORE

IMMERSION


	AFTER IMMERSION



	NaCl
	1
	11.02725
	11.01050
	0.01675
	6.23606
	0.109
	0.032

	
	4
	10.95357
	10.95018
	0.00339
	1.26210
	0.119
	0.030

	
	5
	10.93530
	10.93110
	0.00420
	1.56367
	2.840
	0.021

	O100
	2
	11.06464
	11.06432
	0.00032
	0.11913
	0.043
	0.008


	
	6
	11.01629
	11.01610
	0.00019
	0.07073
	0.045
	0.008

	
	7
	10.92970
	10.92960
	0.00010
	0.03732
	0.071
	0.007

	O99
	3
	10.89197
	10.89183
	0.00014
	0.05212
	0.067
	0.007

	
	8
	11.17834
	11.17834
	0.00021
	0.07818
	0.049
	0.008

	
	9
	11.10943
	11.10943
	0.00022
	0.08190
	0.048
	0.007


TABLE  5

CORROSION RATE OF ALUMINIUM IN NaCl, O100 AND O99 AS A FUNCTION OF TIME IN LPR METHOD (OIL AND NaCl)

	TIME

(hrs)
	CORROSION RATE (mpy)

	
	NaCl
	O100
	O99

	1
	4.41400
	-
	0.00111

	2
	4.00950
	0.00950
	0.00049

	3
	5.40420
	-
	0.14739

	4
	12.5200
	-
	0.11757

	5
	9.30910
	-
	0.78556

	6
	11.7020
	0.00002
	0.02281

	7
	27.9270
	0.08575
	0.01268

	8
	11.3900
	-
	0.10829

	9
	8.42290
	0.07287
	0.00150

	10
	7.71890
	0.00082
	0.05061

	11
	11.7940
	0.00092
	0.07614

	12
	5.91020
	0.03741
	0.00188

	13
	6.55150
	0.00072
	0.01092

	14
	5.85450
	0.00073
	0.01057

	15
	4.04490
	0.00136
	0.00249

	16
	2.94800
	0.00467
	0.01132

	17
	19.6970
	0.08404
	0.19154

	18
	9.88470
	0.00247
	0.00122

	19
	17.3640
	0.00075
	-

	20
	40.2970
	0.00074
	0.00322


TABLE 6

WETTABILITY OF USED PALM OIL ON ALUMINIUM

	METAL
	CONTACT ANGLE IN DEGREE (OIL IN WATER)

	Aluminium
	1270
	1260


FIGURE 6 WETTABILITY OF USED PALM OIL ON ALUMINIUM
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TABLE  7

CONDUCTANCE OF USED PALM OIL - BRINE EMULSION AND EMULSION INVERSION POINT-EIP
	TIME IN

MINIUTES
	CONCENTRATION

(%)
	CONDUCTANCE

(µΩ-1)

	2
	Oil
	0.0017

	4
	10
	0.0074

	6
	20
	0.0058

	8
	30
	0.0525

	10
	40
	0.0436

	12
	50
	0.0069

	14
	60
	0.0077

	16
	70
	0.0018

	18
	80
	0.0012

	20
	90
	0.0012

	22
	100
	4.8970


TABLE  8

CORROSION RATE OF ALUMINIUM IN O5, O10, O20 AND DIESEL (MASS LOSS METHOD)
	MEDIUM
	SPECIMEN
	INITIAL WEIGHT

(g)
	FINAL WEIGHT

(g)
	MASS LOSS

(g)
	CORROSION RATE

(mpy)
	CONDUCTANCE (µΩ-1)

	
	
	
	
	
	
	BEFORE

IMMERSION
	AFTER

IMMERSION



	Diesel
	1
	10.88587
	10.88521
	0.00066
	0.24571
	0.034
	0.040

	
	2
	11.06535
	11.06471
	0.00064
	0.23827
	0.034
	0.041

	
	3
	11.00175
	10.99984
	0.00191
	0.71109
	0.037
	0.038

	O5
	4
	10.96683
	10.96626
	0.00057
	0.21221
	0.030
	0.022


	
	5
	11.07304
	11.07257
	0.00053
	0.19732
	0.031
	0.027

	
	6
	11.04600
	11.04525
	0.00075
	0.27922
	0.038
	0.022

	O10
	7
	11.14065
	11.13980
	0.00085
	0.31645
	0.045
	0.017

	
	8
	11.14574
	11.14499
	0.00075
	0.27922
	0.043
	0.019

	
	9
	10.93558
	10.93485
	0.0073
	0.27178
	0.047
	0.018

	O20
	10
	11.09084
	11.08945
	0.00139
	0.51750
	0.048
	0.019

	
	11
	11.08205
	11.08117
	0.00088
	0.32762
	0.053
	0.019

	
	12
	10.90774
	10.90703
	0.00071
	0.26433
	0.036
	0.013

	OIL
	13
	11.05441
	11.05258
	0.00183
	0.68131
	0.037
	0.014

	
	14
	10.89712
	10.89630
	0.00082
	0.30528
	0.053
	0.011

	
	15
	11.09288
	11.09205
	0.00083
	0.30901
	0.030
	0.015


TABLE 9

CORROSION RATE OF ALUMINIUM IN DIESEL O5, O10 AND O20
AS A FUNCTION OF TIME IN LPR METHOD (OIL AND DIESEL)

	TIME

(hrs)
	CORROSION RATE (mpy)

	
	DIESEL
	O5
	O10
	O20
	O100

	1
	-
	0.03648
	0.05779
	0.00489
	-

	2
	-
	0.00073
	0.00406
	0.08044
	0.00950

	3
	-
	0.00447
	0.33693
	0.00474
	-

	4
	0.05424
	0.00004
	0.17383
	0.00645
	-

	5
	0.01031
	0.00067
	0.00024
	0.08109
	-

	6
	0.01772
	0.00008
	0.00160
	0.13818
	0.00002

	7
	-
	0.00036
	0.02992
	0.00007
	0.08575

	8
	0.00597
	0.10420
	0.01162
	0.00778
	-

	9
	-
	0.06601
	0.01081
	0.00552
	0.07287

	10
	0.00142
	0.00009
	0.00920
	0.00058
	0.00082

	11
	0.00098
	0.11534
	0.00278
	0.00645
	0.00092

	12
	0.00129
	-
	0.00611
	0.00620
	0.03741

	13
	0.00321
	-
	0.05304
	-
	0.00072

	14
	0.00348
	0.00045
	0.02505
	-
	0.00073

	15
	0.00098
	0.01344
	0.01746
	-
	0.00136

	16
	0.00381
	-
	0.01692
	-
	0.00467

	17
	0.00157
	0.00005
	0.04042
	-
	0.08404

	18
	0.00365
	0.00014
	-
	-
	0.00247

	19
	0.00074
	-
	0.01603
	-
	0.00075

	20
	-
	-
	0.00618
	-
	0.00074


FIGURE 3
CORROSION RATE OF ALUMINIUM IN NaCl, O100 AND O99 AS A FUNCTION OF TIME IN LPR METHOD (OIL AND NaCl)
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FIGURE  4

COMPARISON OF CORROSION RATE OF ALUMINIUM AS DETERMINED   BY MASS LOSS AND LPR TECHNIQUES (OIL AND NaCl)
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FICTURE 7

CONDUCTANCE OF USED PALM OIL-BRINE EMULSION AND EMULSION INVERSION POINT-EIP
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FIGURE 8

CORROSION RATE OF ALUMINIUM IN DIESEL O5, O10 AND O20
AS A FUNCTION OF TIME IN LPR METHOD (OIL AND DIESEL)
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FIGURE  9

COMPARISON OF CORROSION RATE OF ALUMINIUM AS DETERMINED   BY MASS LOSS AND LPR TECHNIQUES (OIL AND DIESEL)
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                  SUMMARY AND CONCLUSION

5. SUMMARY AND CONCLUSION

Most studies on the corrosivity of biodiesels have been reported based on the standard copper strip corrosion test measurements. While this approach produces some knowledge on the corrosivity of biodiesel the corrosivity data of various metals in biodiesel should be established in order to confidently use biodiesel without corrosion problems. The following conclusions have been derived from this research. 

·   The characterizations of used palm oil have been analyzed as per ASTM D6751standard.

·   Corrosion rates of Aluminium in biodiesel- NaCl blends and biodiesel – commercial diesel blends as determined by mass loss and Linear polarization methods have been reported.

·   Corrosion rates of Aluminium in O99 and O100 are negligible when compared to 3% NaCl.

·  Conductivity measurements of NaCl, O99, O100 show that corrosivity and conductivity of the test media are positively correlated.

· Corrosion rates of used palm oil- diesel blends are negligible. Hence used palm oil may be used as blending component for diesel.

·  Difference in the corrosion rates in may be due to the methodology adopted. Linear polarization resistance measures instantaneous corrosion rates where as mass loss measures time average corrosion rates. Hence the difference in corrosion rate of aluminium obtained from both the methods.

·  The measured contact angle for used palm oil is obtuse (127o) suggesting that oil preferably wets Aluminium.

·   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.

The development of new technologies for processing and using biofuels is steadily progressing. Biofuels are becoming more and more competitive compared to fossil fuels. The use of biofuels features a number of advantages suitable for achieving energy, environment, agricultural and trade policies. As a result, biofuels are emerging as a popular step towards a more sustainable   transportation      sector. Hence, academicians must concentrate more research                                                  on this field to improve the existing technologies.
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