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(3) ABSTRACT The energy policies and the ever-growing energy demand of the world require an alternative to fossil fuels. Among the alternative fuels, diesel–ethanol blend or the diesohol blend or the diesel-biodiesel blends might be good options. But these binary blends possess some problems. Diesel-biodiesel blends possess higher density, higher viscosity, lower heating value, poor cold flow properties and higher CN etc., which. ay a. hinders its use. When biodiesel is added to diesel-bioethanol blends or bioethanol is added to diesel-biodiesel blends then the physicochemical properties of the ternary blends. M al. become almost similar to fossil diesel fuel and also remains stable. Thus, the use of ternary blends will eradicate the problems of using binary blends, make the biodiesel and bioethanol more feasible for the CI engines and in the meantime will increase the portion. of. of the oxygen content of the fuel. The objectives of this study is to first develop a density and kinematic viscosity models to calculate the density and viscosity of ternary blends. ty. using bioethanol and biodiesel with diesel fuel and compare performance and emission. rs i. of diesel-biodiesel-bioethanol blends with diesel-biodiesel-propanol, diesel-biodiesel-. ve. butanol, diesel-biodiesel-pentanol and diesel-biodiesel-hexanol blends. Five different biodiesels (palm, coconut, soybean, mustard and calophyllum inophyllum biodiesel) have. ni. been used with anhydrous bioethanol (99.9% pure) and neat diesel. Initially, density and. U. viscosity models of neat diesel, 5 different biodiesels and bioethanol have been developed with respect to temperature (15°C-100°C). Later, 30 different diesel-biodiesel-bioethanol blends were prepared (each biodiesel×6 blends=30 blends) to measure the density and viscosity at different temperatures. To calculate the density of the diesel-biodieselbioethanol blends at 15°C, one density model is proposed with respect to components portion and their individual density which has a very high accuracy rate. To calculate the kinematic viscosity of diesel-biodiesel-bioethanol blends at 40°C, three correlation equations are proposed. To compare the performance and emission between ternary iii. 

(4) blends, the biodiesel has been kept constant while replacing the alcohol in the blend. Palm biodiesel (PBD) has been selected as the test biodiesel fuel which is considered as the most prospective renewable energy sources of Malaysia in recent years. Initially neat diesel and B20 (80% diesel+20% palm biodiesel) have been tested in the single cylinder Yanmar CI engine. Later, ternary blends of diesel-biodiesel-alcohol were tested. In all the ternary blends, the amount of diesel and PBD were kept constant which were 70% and. ay a. 20% respectively while only varying the alcohol. Engine tests were conducted at variable speed, ranging from 1000 rpm to 2400 rpm and constant load at full throttle. Engine. M al. performance parameters like brake specific fuel consumption (BSFC), brake thermal efficiency (BTE) and engine emissions like nitrogen oxides (NOX), hydrocarbons (HC) and carbon monoxide (CO) were measured. Performance and exhaust emissions variation. of. of the ternary blends from the baseline fuels, i.e. neat diesel and P20, were compared for. U. ni. ve. rs i. ty. the assessment of the improvement quantitatively.. iv. 

(5) ABSTRAK Dasar-dasar tenaga dan permintaan tenaga yang semakin berkembang di dunia, memerlukan alternatif kepada bahan api fosil. Antara bahan api alternatif, campuran diesel-etanol atau campuran diesohol atau diesel-biodiesel campuran mungkin menjadi pilihan yang baik. Tetapi ini campuran binari mempunyai beberapa masalah. campuran Diesel-biodiesel mempunyai ketumpatan yang lebih tinggi, kelikatan yang lebih tinggi,. ay a. nilai pemanasan yang lebih rendah, sifat aliran sejuk miskin dan nombor setana yang lebih tinggi dan lain-lain, yang menghalang penggunaannya. Apabila biodiesel ditambah. M al. kepada campuran diesel-bioethanol atau bioethanol ditambah kepada campuran dieselbiodiesel maka sifat-sifat fizikokimia campuran pertigaan menjadi hampir sama dengan bahan api diesel fosil dan juga kekal stabil. Oleh itu penggunaan campuran pertigaan akan. of. membasmi masalah menggunakan campuran binari, membuat biodiesel dan bioethanol lebih layak untuk enjin CI dan dalam masa yang sama akan meningkatkan bahagian. ty. kandungan oksigen dalam bahan api. Objektif kajian ini ialah dengan membangunkan. rs i. ketumpatan dan model kelikatan kinematik untuk mengira ketumpatan dan kelikatan. ve. campuran pertigaan menggunakan bioetanol dan biodiesel dengan bahan api diesel dan bandingkan prestasi dan pelepasan diesel-biodiesel-bioethanol campuran dengan diesel-. ni. biodiesel-propanol, diesel-biodiesel-butanol, diesel-biodiesel-pentanol dan campuran. U. diesel-biodiesel-hexanol. Five Biodiesel berbeza (kelapa sawit, kelapa, kacang soya, sawi dan Calophyllum inophyllum biodiesel) telah digunakan dengan bioethanol anhydrous (99.9% tulen) dan diesel kemas. Pada mulanya, model ketumpatan dan kelikatan diesel kemas, 5 Biodiesel berbeza dan bioethanol telah dibangunkan dengan merujuk kepada suhu (15°C-100°C). Kemudian, 30 berbeza campuran diesel-biodiesel-bioethanol telah disediakan (setiap biodiesel × 6 = 30 campuran campuran) untuk mengukur ketumpatan dan kelikatan pada suhu yang berbeza. Untuk mengira ketumpatan campuran dieselbiodiesel-bioethanol pada 15°C, satu model ketumpatan yang dicadangkan berkenaan v. 

(6) dengan komponen bahagian dan ketumpatan masing-masing yang mempunyai kadar ketepatan yang sangat tinggi. Untuk mengira kelikatan kinematik campuran dieselbiodiesel-bioethanol pada 40°C, tiga persamaan korelasi dicadangkan. Untuk membandingkan prestasi dan pelepasan antara campuran pertigaan, biodiesel yang telah disimpan berterusan manakala menggantikan alkohol di dalam campuran. Palm biodiesel (PBD) telah dipilih sebagai bahan api biodiesel ujian yang dianggap sebagai yang paling. ay a. bakal sumber tenaga boleh diperbaharui daripada Malaysia pada tahun-tahun kebelakangan ini. Pada mulanya diesel kemas dan B20 (80% diesel + 20% biodiesel. M al. sawit) telah diuji dalam silinder tunggal Yanmar CI enjin. Kemudian, campuran pertigaan diesel-biodiesel alkohol telah diuji. Dalam semua campuran pertigaan, jumlah diesel dan PBD telah disimpan berterusan yang masing-masing 70% dan 20% manakala hanya yang. of. berbeza-beza alkohol. ujian enjin dijalankan pada kelajuan berubah-ubah, dari 1000 rpm 2400 rpm di pendikit penuh. parameter prestasi Brek penggunaan bahan api tentu dan. ty. brek kecekapan haba dan enjin pelepasan seperti nitrogen oksida, hidrokarbon dan karbon. rs i. monoksida dan kelegapan asap diukur. Prestasi dan pelepasan ekzos variasi campuran. ve. pertigaan dari bahan api asas, iaitu diesel kemas dan P20, dibandingkan untuk penilaian. U. ni. peningkatan kuantitatif.. vi. 
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(16) : INTRODUCTION 1.1 Overview Human civilization has always been flourished by a steady growth of energy consumption. Industrialization has raised the average per capita energy consumption by almost 50% in the last 40 years (Eden, 1993). Limited availability with the everincreasing demand for energy in power generation and transport sectors have triggered a. ay a. serious threat to the energy security of this globe. According to British Petroleum (Petroleum, 2012), only from 2010 to 2011, fuel consumption grew to 0.6 million barrels. M al. per day, which is a 40% increment compared to 2010. Again, according to European Commission (Commission, 2006), primary energy consumption of the world will be 22.3 Giga tons of oil equivalent (Gtoe) by 2050, whereas at present it is only 10 Gtoe. In this. of. situation the most important concern is that, the present reserve of fuel (oil) has the ability to fulfil only half of the usual demand of energy till 2023 (Owen, Inderwildi, & King,. ty. 2010). Since, the fossil fuels have played a significant role in the progress of global. rs i. civilization, such declining storage of fossil fuels is really a matter of great concern. Fossil. ve. fuels are finite resources. Therefore, in the near future, it is most likely that the alternative sources of energy are going to power the human civilization.. ni. Fossil fuel burning has direct effect on the environment due to its carbon dioxide. U. (CO2) emission which is one of the primary greenhouse gases (GHG) and a primary cause of global warming. Although there are other gases which trap more heat within the earth’s atmosphere compare to CO2, their production and use are limited. Atmospheric emissions of carbon dioxide (CO2) results primarily from the combustion of fossil fuels. It is forecasted that energy related CO2 emissions will increase from 32.3 billion metric tons in 2012 to 35.6 billion metric tons in 2020 and to 43.2 billion metric tons in 2040 ("International Energy Outlook 2016," May 2016). In 2009, at Copenhagen summit, it had been shown that, sustainable energy resources; i.e. renewable and clean fuels can 1. 

(17) decrease GHGs keeping the food security intact and enhance economic development reducing the poverty. Therefore, environmental issues due to burning of petroleum fuels and of course the trade-off between the demand and supply of the fossil fuels have intensified the requirement of biofuels like biodiesels and bioethanol at present. However, biodiesels have some inherent problems regarding its usage in internal combustion (IC) engines; and eradicating those problems to make biodiesels more feasible for the IC. ay a. engines is the key to modern biofuel research activities. 1.2 Background. M al. Energy consumption from all sources increases ("International Energy Outlook 2016," May 2016). Concerns about energy security, effects of fossil fuel emissions on the environment, and sustained high world oil prices in the long-term support expanded use. of. of non-fossil or renewable energy sources and nuclear power, as well as natural gas, which is the least carbon-intensive fossil fuel. With government policies and incentives. ty. promoting the use of non-fossil energy sources in many countries, renewable energy is. rs i. the world’s fastest-growing source of energy, at an average rate of 2.6%/year, while nuclear energy use increases by 2.3%/year, and natural gas use increases by 1.9%/year as. ve. shown in the below figure 1.1. From the figure it is seen that, coal is the world’s slowest. ni. growing form of energy, at an average growth rate of 0.6%/year (compared with an. U. average increase of 1.4%/year in total world energy demand). From the figure it can be seen that the fossil fuels continue to provide most of the world’s energy in 2040, liquid fuels, natural gas, and coal account for 78% of total world energy consumption. Petroleum and other liquid fuels remain the largest source of energy, although their share of total world marketed energy consumption declines from 33% in 2012 to 30% in 2040. Worldwide, most of the increase in liquid fuels consumption occurs in the transportation and industrial sectors, with a small increase in the commercial sector and decreases in the residential and electric power sectors. The declines in the use of liquid fuels in the 2. 

(18) residential and power sectors result from rising world oil prices, which lead to switching from liquids to alternative fuels where possible ("International Energy Outlook 2016,". ty. of. M al. ay a. Quadrillion Btu. May 2016).. *CPP-Clean Power Plan. Year. rs i. Figure 1.1: World energy consumption by energy source, 1990-2040 ("International. ve. Energy Outlook 2016," May 2016). In prevention of global warming, Kyoto Protocol established the contributions of. ni. using the biofuels. There they addressed biofuel as “carbon neutral fuel” because unlike. U. the fossil fuels, which release carbon that has been deposited beneath the earth‘s surface for millions of years, biodiesel emits carbon to the atmosphere through carbon dioxide which itself was captivated from the air by feedstock crops for the sake of photosynthesis (Balat & Balat, 2008). Thus, biodiesels have the immense potential to mitigate the GHGs as well as reduce the energy crisis replacing the fossil-based fuels. As a renewable and sustainable energy source, biodiesel and bioethanol are increasingly gaining acceptance worldwide. This is unanimous that, conventional diesel can be replaced by biodiesels up to a certain extent to serve both concerns; energy crisis 3. 

(19) and legislative emission standards. Consequently, new target has been set for the European members that, at least 10% biofuel have to be used on all forms of transport by 2020 (D. Rakopoulos, 2013). Therefore, in the automotive fuel market, the share of the biodiesel is going to be increased. Biodiesels are mono alkyl esters of fatty acids derived from vegetable oil or animal fat (Knothe, 2006). The most widespread chemical treatment to produce biodiesel from. ay a. vegetable oil or animal fat or waste cooking oil is called trans-esterification process (Balat & Balat, 2008) being widely used in diesel engines presently (McCarthy, Rasul, &. M al. Moazzem, 2011). Biodiesels and biodiesel blends possess quite similar properties as diesel fuel and meet ASTM and EN standard specifications of properties (Machacon, Shiga, Karasawa, & Nakamura, 2001).. of. Malaysia produces 18 million tons of crude palm oil every year (MPOB, 2013). Although palm oil is edible, large-scale production can allow its use as automotive fuel. ty. without hampering the food chain. In 2006, the Malaysian government agreed to allocate. rs i. about 40% of the country’s total palm oil production for biodiesel production (M Mofijur. ve. et al., 2012). In addition, the government of Malaysia has recently mandated the use of 5% palm biodiesel with diesel fuel nationwide for all diesel vehicle (Adnan, 2014). But. ni. there are some difficulties if the portion of biodiesel in diesel-biodiesel blends is increased. U. which can reduce the performance of the engine. To solve this problem bioethanol or other alcohols can be used in diesel-biodiesel blends. This blend is stable well below under sub-zero temperature (Fernando & Hanna, 2004; Shahir et al., 2014) and have equal or superior properties to fossil diesel fuel (Magín Lapuerta, Armas, & García-Contreras, 2009; Shahir et al., 2014). Studies have shown that the diesel-biodieselethanol/bioethanol blend has improved physicochemical properties compare to dieselbiodiesel or diesel-ethanol/bioethanol blends separately (Bhale, Deshpande, & Thombre,. 4. 

(20) 2009; Shahir et al., 2014). This blend has better water tolerance and stability than the diesel-ethanol blend (X Shi et al., 2005). Therefore, being prospective renewable energy sources with satisfactory physicochemical. properties,. diesel-biodiesel-alcohol. blends. deserve. profound. investigation regarding their viability in the diesel engines and compare their performances against diesel, biodiesel and other higher alcohols ternary blends.. ay a. 1.3 Problem statement. Using biodiesels or diesel-biodiesel blends with high portion of biodiesel in diesel. M al. engines have some inherent problems due to some of their physicochemical properties. Apart from lower calorific value, biodiesels possess higher viscosity and density and poor cold flow properties compared to diesel (Lujaji, Kristóf, Bereczky, & Mbarawa, 2011;. of. Shahir et al., 2014). Higher density and viscosity hinder proper atomization of the blends during the combustion which results in lower performance and emission characteristics. ty. (Ozsezen, Canakci, & Sayin, 2008). Due to higher density and viscosity biodiesel blends. rs i. are found to have higher NOX emission and higher BSFC. In addition biodiesel has high. ve. cetane number which also offsets the final cetane number of the binary blend which is responsible for lower ignition delay (D. Rakopoulos, 2013). Another disadvantage of. ni. using biodiesel blends is its lower volatility. On the other hand, there are also some. U. problems associated with the diesel-bioethanol or diesohol blends. the problems associated with the two binary blends can be solved by mixing the 3 components together to make a ternary blend. In place of bioethanol, other alcohols can also be used but their effect till need to be identified properly. Later density and viscosity calculation models for diesel-biodiesel-bioethanol blends are developed. There are two unique aspects of this research, i.e., a) the effect of adding 2-propanol, iso-butanol, pentanol and 1-hexanol in a binary blend of diesel and biodiesel can be compared to the ternary blend having diesel, biodiesel and bioethanol. b) developed models can be used to calculate density and 5. 

(21) viscosity of any ternary blend of diesel, biodiesel and bioethanol at temperature ranging from 15°-75°C with high accuracy. 1.4 Research Objectives The objectives of this study are: a) To characterize physicochemical properties of diesel-biodiesel-alcohol blends. alcohol/pentanol and 1-hexanol).. ay a. using palm biodiesel and 5 alcohols (bioethanol, 2-propanol, iso-butanol, iso-amyl. b) To investigate the performance and emission characteristics of diesel-biodiesel-. M al. bioethanol blends compare to diesel-biodiesel-propanol, diesel-biodiesel-butanol, diesel-biodiesel-pentanol and diesel-biodiesel-hexanol blends. c) To develop density and viscosity calculation models for ternary (diesel-biodiesel-. of. bioethanol) blends based on statistical and experimental analysis. 1.5 Scope of study. ty. This study aims to compare and investigate the physicochemical properties, engine. rs i. performance and emission characteristics of diesel-palm biodiesel, diesel-palm biodiesel-. ve. bioethanol, diesel-palm biodiesel-2 propanol, diesel-palm biodiesel-iso butanol, dieselpalm biodiesel-pentanol, diesel-palm biodiesel-1 hexanol blends. Neat diesel and 20%. ni. (by vol.) palm biodiesel blended with neat diesel are taken as the baseline fuels as 20%. U. biodiesel blend gives the best performance (Arbab et al., 2013). Therefore, the idea of this study is to identify the best alcohol which improves the physicochemical properties, performance and emission characteristics when used in a ternary blend compared to the neat diesel and 20% blend of diesel-palm biodiesel blend. Characterization of the physicochemical properties like kinematic viscosity, density, calorific value, flash point, cloud point, pour point, and acid value (AV) of the base fuels (diesel, palm, coconut, mustard, calophyllum, soybean, bioethanol, 2-propanol, isobutanol, pentanol and 1-hexanol) and the modified blends have been evaluated according 6. 

(22) to the ASTM D6751, ASTM D7467 and EN 14214 standards. Additionally, fatty acid compositions of the biodiesels are having also been studied. Engine test has been conducted to investigate the performance and emission characteristics of the test fuels. Engine test condition is variable speed (1000-2400 RPM) at constant load full throttle open. 1.6 Organization of thesis. ay a. This dissertation consists of five chapters. The organization of the chapters are given below:. M al. Chapter 1 comprises a short overview of the present study as well as the specific scope and goals to be achieved. Highlighting the present scarcity of conventional energy sources, this section emphasizes the necessity of alternative fuel sources such as,. of. biodiesels.. Chapter 2 presents brief description of the biodiesels and alcohols. Accumulation of. ty. the previous works associated to this study have been presented and reasoning of the. rs i. outcomes have been given in way that can form a strong basis of understanding of the. ve. common trends. Critical findings from the literature have been sorted out to shape the goals of this study.. ni. Chapter 3 discusses the methodology and the experimental techniques elaborately to. U. meet the objectives of this study. Chapter 4 presents all the obtained results and findings followed by a rigorous. discussion and analysis of the facts appeared. Comparative analysis has been presented to highlight the feasibility of the oxygenated additives to be applied into the biodieseldiesel blends. Chapter 5 presents a conclusion of the significant outcomes of the study and highlights recommendations for the future studies. 7. 

(23) : LITERATURE REVIEW 2.1 Introduction This chapter reviews major research findings by researchers around the world that will provide insight and understanding about the topic and related issues. This section describes about the disadvantages of using diesel-biodiesel and diesel-bioethanol blends, and. the. advantages. of. using. diesel-biodiesel-bioethanol. blends. with. their. ay a. physicochemical properties, performance and emissions in diesel engines. This review will give us the concept of using bioethanol in diesel-biodiesel blend and its necessity.. M al. Later the feasibility of diesel-biodiesel-bioethanol blends compare to diesel-biodieselpropanol, diesel-biodiesel-butanol, diesel-biodiesel-pentanol and diesel-biodieselhexanol ternary blends has been investigated. In this work feasibility is the usability of. of. disel-biodiesel-bioethanol blend as a fuel for diesel engine. In this review all types of biodiesel have been considered to completely understand the effect of using bioethanol. ty. in a diesel-biodiesel binary blend.. rs i. 2.2 Diesel-biodiesel-bioethanol blends. ve. Biodiesel is mainly methyl ester of triglycerides prepared from animal fat and virgin or used vegetable oils (both non-edible and edible) (Agarwal, 2007). It can be used in. ni. diesel engines as a single fuel or as a diesel-biodiesel blend. These require little or no. U. engine modifications (Agarwal, 2007; Magín Lapuerta, Armas, & Rodríguez-Fernández, 2008). Ethanol is also an attractive renewable fuel. But it cannot be used as a single fuel in diesel engines thus it is blended with diesel which results in an oxygenated fuel. This blend of ethanol and diesel is also known as diesohol/e-diesel. Diesohol has several advantages (R. L. McCormick & Parish; Shahir et al., 2014). It is already known that adding ethanol/bioethanol to the fossil diesel fuel increases the ignition delay, increases the rate of premixed combustion, increases the thermal efficiency and reduces the smoke exhaust. The solubility of ethanol/bioethanol in the diesel fuel is mainly affected by 8. 

(24) hydrocarbon composition of diesel, temperature and water content of the blend (M. n. Lapuerta, García-Contreras, Campos-Fernández, & Dorado, 2010; Reyes, Aranda, Santander, Cavado, & Belchior, 2009; Torres-Jimenez et al., 2009). However, there are some technical barriers in the direct use of diesel-ethanol blends in the CI engine. Many researchers have tested these blends with different additives (emulsifiers) but all of the blends contained small quantity of ethanol as the additives can only improve the solubility. ay a. but other properties of the blend are not affected (Can, Çelikten, & Usta, 2004; Chandan Kumar, M. Athawe, Y. V. Aghav, M. K. Gajendra Babu, & Das, 2007; B.-Q. He, Shuai,. M al. Wang, & He, 2003; Magin Lapuerta, Armas, & Herreros, 2008; C. Rakopoulos, Antonopoulos, & Rakopoulos, 2007). The low flash point of this blend without biodiesel, is another critical problem, which hinders the application of this blend in the CI engine. of. and studies have shown no effect of emulsifiers on this property (R. McCormick & Parish, 2001). When biodiesel is added to this diesel-ethanol blend then the solubility of ethanol. ty. in the diesel fuel increases over a wide range of temperature along with improving the. rs i. blend’s physicochemical properties (István Barabás & Todoruţ, 2011; Shahir et al., 2014).. ve. This blend is stable well below under sub-zero temperature (Fernando & Hanna, 2004; Shahir et al., 2014) and have equal or superior properties to fossil diesel fuel (M. Lapuerta. ni. et al., 2009; Shahir et al., 2014). Studies have shown that the diesel-biodiesel-. U. ethanol/bioethanol blend has improved physicochemical properties compare to dieselbiodiesel or diesel-ethanol/bioethanol blends separately (Bhale et al., 2009; Shahir et al., 2014). This blend has better water tolerance and stability than the diesel-ethanol blend (X Shi et al., 2005). Some researchers have studied this blend with hydrous ethanol (≥95% EtOH+≤5% water) (M. Lapuerta et al., 2009) while some of them used anhydrous ethanol (≥99% EtOH+≤1% water) (István Barabás & Todoruţ, 2011; Kraipat Cheenkachorn & Fungtammasan, 2009; Guarieiro, de Souza, Torres, & de Andrade, 2009; Satgé de Caro, Mouloungui, Vaitilingom, & Berge, 2001). From previous studies it is obvious that for 9. 

(25) better physicochemical properties, anhydrous ethanol must be used in ternary blends (Shahir et al., 2014) but the quantity of ethanol in ternary blends to demonstrate best performance needs to be determined. Researchers have used up to 40% ethanol in a single ternary blend with 10% biodiesel and 50% diesel (Hulwan & Joshi, 2011) while some of them used maximum 80% biodiesel in a single ternary blend with 10% ethanol and 10% diesel (Subbaiah, Gopal, Hussain, Prasad, & Reddy, 2010). Their results showed very. ay a. good performance of this ternary blend. Although many researchers have reported good performance of this blend, there are also many of them who reported very high BSFC and. M al. emissions from this blend. So, there is need to evaluate research works done on this blend to conclude about its performance. The present study reviews the literature on evaluating power, torque, fuel consumption, efficiency and emissions (soot, smoke, NOx, CO, CO2,. of. HC, PM, unregulated emission, sulfur dioxide and exhaust gas temperature) of this ternary blend found by many researchers around the globe.. ty. In this review, the data from research studies conducted for evaluating diesel-. rs i. biodiesel-ethanol blends are collected, summarized and compared to highlight potential. ve. of this blend as an alternative to diesel fuel. 2.2.1 Diesel-biodiesel-bioethanol blend as a diesel extender option. ni. The strategy of adding ethanol or bioethanol to diesel is quite complex and requires. U. dedicated solutions. The approaches are quite multifaceted and require profound solutions. Several methodologies are identified to overcome the described issues (Pidol, Lecointe, Starck, & Jeuland, 2012a). i). Mixture of two fuels preceding injection (Elawad & Yusaf, 2004; Ghobadian G, Rahimi H, & M., February 2006; Lu, Huang, Zhang, & Li, 2005; D. C. Rakopoulos, Rakopoulos, Papagiannakis, & Kyritsis, 2011; Satgé de Caro et al., 2001; Sayin, 2010; Xing-cai, Jian-guang, Wu-gao, & Zhen, 2004a) i.e. injecting diesohol. The major weakness of this blend is its stability, which is very poor. It 10. 

(26) depends on the chemical composition of the diesel fuel used, the temperature at which the blend is used and the percentage of ethanol present in the blend. ii). Diesel fuel can be fully substituted by ethanol (approximately 95% mass): technically this solution becomes very complex which requires major changes on the hardware of the engines to overcome ethanol’s weak auto-ignition property (Haupt, Nord, Tingvall, & Ahlvik, 2004). Fumigation of ethanol i.e. ethanol addition to the intake air charge (Abu-Qudais,. ay a. iii). Haddad, & Qudaisat, 2000; Ajav EA, Singh B, & TK., 1998). Dual fuel injection; i.e. for each of the diesel and ethanol, there is a separate. M al. iv). injection system (Noguchi, Terao, & Sakata, 1996).. Amongst all the above approaches, the first one can be selected as the most feasible. of. way to solve the baffling issues posed by others. This approach has the following benefits: No need of major technical modifications on the engine (Pidol et al., 2012a).. b). Ease of operation (Pidol et al., 2012a).. ty. a). rs i. There are some very important advantages behind considering this diesohol blend as. a). ve. a potential fuel for the existing CI engines. They are: The diesel-ethanol/bioethanol blend can significantly reduce particulate matter. ni. (PM) emissions in the motor vehicles (Ahmed, 2001; B.-Q. He et al., 2003; Xing-. U. cai et al., 2004a; Zhang RD et al., 2004; Máté Zöldy, 2011) (approximately 15% (Beer et al., 2007)) when compared to low sulfur diesel. Adding 10% of ethanol in the diesel fuel can reduce 30-50% of this type of emission (Máté Zöldy, 2011).. c). Similar energy output can be attained compared to fossil diesel fuel (K. Cheenkachorn & Fungtammasan, 2010).. d). By adding ethanol to the diesel fuel, the cold flow properties is improved compared to fossil diesel fuel (Hulwan & Joshi, 2011).. 11. 

(27) e). The diesohol blends have high heat of vaporization compared to fossil diesel fuel (Máté Zöldy, 2011). But as suggested in some literatures (Aakko et al., 2002; E. A. Ajav, B. Singh, & T.. K. Bhattacharya, 1999; Emőd, Füle, Tánczos, & Zöldy, 2005; Emőd, Tölgyesi, & Zöldy, 2006; Pang et al., 2006; Satgé de Caro et al., 2001; Török, 2009), there are some issues which hinder the utilization of diesohol blend in the compression ignition engine. CN of this blend becomes lower compared to diesel fuel. The addition of 10 v/v%. ay a. i). of ethanol decreases CN by approximately 30%.. Ethanol is not completely miscible in diesel fuel. Very small proportion (less than. M al. ii). 5 vol. %) of ethanol shows complete miscibility in diesel fuel (Pidol et al., 2012a). iii). Minor variations in fuel delivery system are required while using diesohol as fuel. of. (Elawad & Yusaf, 2004; Gerdes & Suppes, 2001; Ghobadian G et al., February 2006).. The density, viscosity, lubricity, energy content and the flash point of the fuel. ty. iv). rs i. blend are affected (Pidol et al., 2012a). Due to the addition of ethanol in the diesel. ve. fuel the blend’s viscosity becomes lower. Addition of 10 v/v% of bioethanol decreases viscosity approximately by 10-25% (Máté Zöldy, 2011). The swelling of T-valves fitted to bosch-type feed pumps, which results in. ni. v). U. jammed valve stems (Beer et al., 2007).. vi). The calorific value of the diesohol blend is much lower than the fossil diesel fuel (K., H., Narasingha, & J., 2004).. vii). The use of diesohol increases soot formulation (Máté Zöldy, 2011). To solve these problems and increase the ethanol portion in the diesohol blend an. emulsifier or a surfactant can be utilized (Crabbe, Nolasco-Hipolito, Kobayashi, Sonomoto, & Ishizaki, 2001; A. Hansen, Gratton, & Yuan, 2006; Alan C. Hansen, Zhang, & Lyne, 2005; Magín Lapuerta, Armas, & García-Contreras, 2007; T. M. Letcher, 1983; 12. 

(28) Ribeiro et al., 2007; Satge de Caro, Mouloungui, Vaitilingom, & Berge, 2001; Xing-cai et al., 2004a) and maintain the blend’s properties near to the fossil diesel fuel. Different types of biodiesel can be utilized as an emulsifier or a surfactant or an amphiphile (a surface-active agent) for the long term and low temperature stability of diesohol blends (Chotwichien, Luengnaruemitchai, & Jai-In, 2009; Fernando & Hanna, 2004, 2005; A. Hansen et al., 2006; Alan C. Hansen et al., 2005; Kwanchareon,. ay a. Luengnaruemitchai, & Jai-In, 2007a; M. n. Lapuerta, Armas, & García-Contreras, 2009; Rahimi, Ghobadian, Yusaf, Najafi, & Khatamifar, 2009; Randazzo & Sodré, 2011; Shi et. M al. al., 2006; X. Shi et al., 2005; Shudo, Nakajima, & Hiraga, 2009). The density of biodiesel is between 860 and 894 kg/m³ at 15° C (A. E. Atabani et al., 2012; Carraretto, Macor, Mirandola, Stoppato, & Tonon, 2004; Demirbas, 2009; Hoekman, Broch, Robbins,. of. Ceniceros, & Natarajan, 2012; Rizwanul Fattah et al., 2013; Tate, Watts, Allen, & Wilkie, 2006a) and viscosity at 40° C is between 3.3 and 5.2 mm²/s (Carraretto et al., 2004;. ty. Demirbas, 2009; Tate, Watts, Allen, & Wilkie, 2006b). The main advantages of using. rs i. biodiesel (rather than using any artificial additive synthesized in the laboratory) are as. ve. follows (Balat & Balat, 2008; Fazal, Haseeb, & Masjuki, 2011; Jain & Sharma, 2010; Jayed et al., 2011; M. Mofijur et al., 2012; Murugesan, Umarani, Subramanian, &. ni. Nedunchezhian, 2009; Ong, Mahlia, Masjuki, & Norhasyima, 2011; Rajasekar,. U. Murugesan, Subramanian, & Nedunchezhian, 2010; Xue, Grift, & Hansen, 2011). i). The flash point of diesohol blend is very low. When biodiesel is added to diesohol then the flash point of this ternary blend becomes high enough to store it safely.. ii). By using biodiesel, it will increase the supply of domestic renewable energy supply (Jain & Sharma, 2010).. iii). When biodiesel is added to the diesohol, the high viscosity and density of the biodiesel and the much lower viscosity and density of the diesohol are. 13. 

(29) compensated by each other and these values comes within the standard diesel fuel prescribed limits. iv). By adding biodiesel the heating value of the ternary blend comes nearer to the fossil diesel fuel (Máté Zöldy, 2011).. v). When biodiesel is added to the diesohol then the low lubricating property of diesohol blends are improved and becomes standard to use this ternary blend in. ay a. the existing CI engines (K. Cheenkachorn & Fungtammasan, 2010).. The high CN of biodiesel compensates the diesohol’s low CN which is caused by. vi). M al. the addition of ethanol with the diesel (Máté Zöldy, 2011).. According to Barabás and Todorut (I Barabás & Todoruţ, 2009) the diesel-biodieselethanol blend is a great option as an alternative to diesel fuel for CI engines. The idea. of. comes from the findings that, when biodiesel and ethanol/bioethanol are added to diesel fuel then the final fuel properties of this ternary blend becomes almost similar to diesel. ty. fuel alone except a few (Barabas & Todorut; Máté Zöldy, 2011). This ternary blend of. rs i. diesel-biodiesel-ethanol is found to be stable even below 0° C and have some identical or. ve. superior fuel properties to regular fossil diesel fuel (Fernando & Hanna, 2004). Thus the addition of biodiesel in the diesel-ethanol blends or diesohol blends shows a favorable. ni. approach towards the formulation of a novel form of biofuels and fossil diesel fuel blend. U. (Hulwan & Joshi, 2011). While conducting on-field tests Raslavicius L. and Bazaras Z. (Raslavičius &. Bazaras, 2009) found positive effect on dynamic and ecological characteristics of the testing vehicle fueled with a blend of 70% of diesel + 30% of biodiesel (hereinafter – B30) admixed with the dehydrated/anhydrous ethanol additive (5 v/v%). He found no reduction of power in the diesel engine, and within the boundary of the experimental error, he found a tendency of ~2% fuel economy compared to pure B30. He found a dramatic decrease in PM (40%), HC (25%) and CO (6%) emissions comparing to fossil 14. 

(30) diesel fuel while operating the vehicle at maximum power. NOX emission from dieselbiodiesel-ethanol blends is less than (up to 4%) the B30. However, NOX emission increases as compared to diesel fuel. Considering all these details, he concluded that a blend of 80% diesel, 15% biodiesel and 5% bioethanol is the most appropriate ratio for diesel-biodiesel-ethanol blend production, as because of the satisfactory fuel properties and reduction in emissions of the ternary blends.. ay a. 2.2.2 Blend properties. Proper operation of a diesel engine depends on several fuel properties. When ethanol. M al. is added to the diesel fuel some of the key fuel properties are affected with specific reference to stability, density, viscosity, lubricity, energy content and CN of the blend. Other important factors like materials compatibility and corrosiveness are also essential. of. to be considered (Alan C. Hansen et al., 2005). To make the selection other factors like surface tension, cold filter plugging point, flash point, carbon content, hydrogen content,. ty. heating value and finally fuel biodegradability with respect to ground water. rs i. contamination etc. are also needed to be considered.. ve. 2.2.2.1 Blend stability. One of the main targets of using fuel blends in the diesel engines is to keep the engine. ni. modification minimal. A solution is a single-phase liquid system, homogeneous at the. U. molecular level. Some diesohol formulations may be a solution of ethanol/bioethanol plus additives with diesel fuel. It was seen that such blends are technically suitable to run existing diesel engines without modifications. This ethanol-blended diesel blend yielded substantial reductions in urban emissions of carbon monoxide (CO), greenhouse gases (primarily CO2), sulfur oxides (SOx) and particulate matter (PM). The major drawback of this diesel-ethanol blend is that, ethanol is immiscible in regular diesel fuel over a wide range of temperature. Its solubility in diesel changes with the change of ambient temperature (B.-Q. He et al., 2003; Suppes, 2000). Its miscibility in fossil diesel fuel is 15. 

(31) affected fundamentally by two factors, temperature and the blend’s water content. Presence of water in ethanol or diesel fuel can critically reduce solubility between the two portions (Lu et al., 2005; Suppes, 2000). At normal ambient temperature anhydrous/dry ethanol readily mixes with fossil diesel fuel. But below 10° C the two fuels become separate. In many regions of the world, for a long period of time during the year this temperature limit is easily surpassed. To prevent this parting of two fuels three possible. ay a. ways can be considered. They are:. i) Adding an emulsifier which performs to suspend small droplets of ethanol within the. M al. diesel fuel.. ii) Adding a co-solvent that performs as a linking agent through molecular compatibility and bonding to yield homogeneous blend or. of. iii) Adding iso-propanol (A. Hansen et al., 2006; Alan C. Hansen et al., 2005; B.-Q. He et al., 2003; Magín Lapuerta et al., 2007; T. M. Letcher, 1983; Ribeiro et al., 2007;. ty. Satge de Caro et al., 2001; WJ, 1989; Xing-cai et al., 2004a).. rs i. To stabilize the ethanol and fossil diesel fuel blend, surface active agent i.e. an. ve. amphiphile, like Fatty Acid Methyl Ester (FAME) can also be used (Chotwichien et al., 2009; Fernando & Hanna, 2004, 2005; A. Hansen et al., 2006; Alan C. Hansen et al.,. ni. 2005; Kwanchareon et al., 2007a; M. n. Lapuerta et al., 2009; Rahimi et al., 2009;. U. Randazzo & Sodré, 2011; Shi et al., 2006; X. Shi et al., 2005; Shudo et al., 2009). To generate a blend through emulsification process usually heating and blending steps are required where on the other hand using co-solvents simplify the blending method as it permits to be “splash blended”. The solubility of ethanol in diesel fuel is effected by its aromatic content (Gerdes & Suppes, 2001). The polar nature of ethanol induces a dipole in the aromatic molecule permitting them to interact reasonably strongly, while the aromatics stay compatible with other hydrocarbons in diesel fuel. Hence, aromatics perform as bridging agents and co16. 

(32) solvents to some degree. If the aromatic contents of the fossil diesel fuel are compensated, then it affects the miscibility of ethanol in the diesel fuel. Thus the quantity of the additive necessary to gain a stable blend, is affected (Alan C. Hansen et al., 2005; B.-Q. He et al., 2003; WJ, 1989). Individually emulsifiers and co-solvents have been assessed with diesel-ethanol blend. Among the appropriate co-solvents, esters are used mostly because of their. ay a. resemblance to diesel, which allows the use of diesel-ester blends in any proportion. The ester is used as a co-solvent, which permits the adding of more ethanol to the fuel blend.. M al. This develops the tolerance of the fuel blend to water, and retains the blend stable, thus for a long period the blend can be stored (Ribeiro et al., 2007; Shi et al., 2008). The percentage of required additive is dominated by the lower limit of temperature at which. of. the blend is needed to be stable (T. Letcher, 1980). Accordingly, diesel-ethanol blend requires fewer additives in summer conditions as compared to winter. Pure Energy. ty. Corporation (PEC) of New York was the first producer to improve an additive package. rs i. that allowed ethanol to be splash blended with diesel fuel using a 2-5% dosage with 15%. ve. anhydrous ethanol and proportionately less for 10% blends (Marek & Evanoff, 2001). PEC specified 5% additive for stability at temperatures well below -18 C, making it. ni. suitable for winter fuel formulation. In summer, the additive requirement drops to 2.35%. U. with spring and fall concentrations being 3.85% by volume (Marek & Evanoff, 2001). The producer of second additive was AAE Technologies of the United Kingdom, which has been testing 7.7% and 10% diesel-ethanol blends containing 1% and 1.25% AAE proprietary additive in different states in the USA (Marek & Evanoff, 2001). The third manufacturer was GE Betz, a division of General Electric, Inc. They produced an exclusive additive derived totally from petroleum products; compared to the earlier two, which are made from renewable resources (Alan C Hansen, Hornbaker, Zhang, & Lyne, 2001; Marek & Evanoff, 2001). This additive has been utilized in many tests, exclusively 17. 

(33) with 10% diesel-ethanol blends (Alan C Hansen et al., 2001; Marek & Evanoff, 2001). Apace Research Ltd. (Beer et al., 2007; Chotwichien et al., 2009) of Australia, has also declared the successful improvement of an emulsification method by utilizing its pioneering emulsifier. Their diesel-ethanol blend consists of 84.5 vol% regular diesel fuel, 15 vol% hydrated ethanol (5% water) and their emulsifier 0.5 vol%. Tests were conducted by using diesohol on a truck and a bus and the results were compared with the. ay a. results found using regular diesel fuel. It was investigated that larger amount of ethanol in the diesohol minimizes the regulated exhaust emissions (HC, CO, NOx, PM). M al. (Kwanchareon et al., 2007a).. This study attempts to analyze the use of biodiesel as a potential amphiphile in this diesel-ethanol system. The study investigates the phase behavior of the diesel-biodiesel-. of. ethanol ternary system in order to identify key areas within the phase diagram that are stable isotropic micro-emulsions that could be used as potential biofuels for compression-. ty. ignition engines. The instantaneous phase behavior indicated that the system formulates. rs i. stable micro-emulsions over a large region of the phase triangle, depending on the. ve. concentrations of different components. The single-phase area of the three-component system was widest at higher biodiesel concentrations. The phase diagram indicated that. ni. at higher diesel concentrations, in order to formulate a stable micro-emulsion, the ratio of. U. biodiesel to ethanol in the system should be greater than 1:1. The results of the study suggested that biodiesel could be effectively used as an amphiphile in an diesel-ethanol blend or the diesohol (Fernando & Hanna, 2005). Ludivine Pidol et al. (Pidol et al., 2012a) used a Fatty Acid Methyl Ester (FAME) to stabilize the diesel and ethanol blend. FAME stabilizes the blend by performing as a surface active agent. The investigators used Rapeseed Methyl Ester (RME) as biodiesel in this case. To raise its oxidation stability, the biodiesel was additivated with 1000 mg kg-1 of antioxidant (BHT- Butylated Hydroxytoluene). The miscibility of diesel-FAME-ethanol blend was studied broadly 18. 

(34) which lead to phase diagrams at different temperatures. As because the water is harmful for the blend stability, they used an anhydrous ethanol (water content is less than 0.1%). The blends were prepared in two steps: 1. First FAME was blended with the ethanol. 2. Lastly, regular diesel was added to the blend. This process was carried out as because it allows a better blend stability.. ay a. Moses et al. (Moses, Ryan, & Likos, 1980) studied micro-emulsions by using a commercial surfactant in the blend of hydrous ethanol (containing 5% water) and fossil. M al. diesel fuel. They testified that the mixtures formed impulsively, and negligible stirring were needed. They also appeared translucent signifying that the dispersion sizes were less than a quarter of a wavelength of light and were observed as “infinitely” stable, i.e.. of. thermodynamically steady with no parting even after some months. According to them roughly 2% surfactant was needed for each 5% hydrous ethanol addition to the fossil. ty. diesel fuel.. rs i. Letcher (T. Letcher, 1980), Meiring et al. (Meiring, Allan, & Lyne, 1981) and Letcher (T. M. Letcher, 1983) found tetrahydrofuran as an effective co-solvent, which is gained. ve. at low price from agricultural waste resources. They identified another effective co-. ni. solvent, which is named as ethyl acetate. This one can also be produced cheaply from. U. ethanol. The relative effects of the temperature and the moisture contents on the stability of the prepared fuel blends and the required amounts of co-solvents against the increasing temperature and moisture content of the fuel blend to sustain a homogenous blend can be illustrated in a ternary liquid-liquid phase diagram. Two such ternary liquid-liquid phase diagrams are shown below under title fig. 2.1 & fig. 2.2. Letcher (T. M. Letcher, 1983) finally ended up with the conclusion that the proportion of ethyl acetate to ethanol should be consistently 1:2 to guarantee a consistent homogenous fuel blend down to 0° C.. 19. 

(35) ay a. M al. Figure 2.1: Liquid-liquid ternary phase diagram for diesel fuel, tetrahydrofuran and ethanol or ethanol water mixtures with the temperature controlled at 0° C (T. M.. U. ni. ve. rs i. ty. of. Letcher, 1983). Figure 2.2: Liquid-liquid ternary phase diagram for diesel fuel, ethyl acetate and dry (anhydrous) ethanol mixtures (T. M. Letcher, 1983) Rahimi et al. (Rahimi et al., 2009) found that the temperature of phase separation up to 4–5% bioethanol in typical diesel fuel is identical to the cloud point of the pure diesel fuel. Thus, blending up to 4–5% bioethanol places no additional temperature restrictions on these fuels (if no water is present), for example, blending bioethanol with a zero 20. 

(36) aromatic diesel increased cloud point by nearly 25° C at 5% bioethanol. Thus, the chemical properties of diesel fuel have a large effect on bioethanol solubility. They added sunflower methyl ester as biodiesel to increase the miscibility of bioethanol in diesel. Experimental results showed that at ambient temperature, 12% bioethanol could be dissolved in diesel. But when they increased the share of bioethanol in the blend or when the temperature decreased the observed phase separation. By Adding 8% biodiesel to the. ay a. blend they found increased fuel stability at low temperature close to the diesel fuel pour point without any phase separation (Rahimi et al., 2009).. M al. Kwanchareon et al. (Kwanchareon et al., 2007a) studied the phase stability of the ternary blend at room temperature by utilizing ethanol of three different concentrations (95%, 99.5%, and 99.9%). This was important as because the ethanol concentration. of. affects the phase stability directly. Their findings are presented below by using ternary liquid-liquid phase diagrams of diesel, biodiesel and ethanol. The phase behavior of the. U. ni. ve. rs i. temperature.. ty. diesel-biodiesel-ethanol (95%) system is presented below in the fig. 2.3 at room. Figure 2.3: Diesel-biodiesel-ethanol 95% @ Room Temperature (Kwanchareon et al., 2007a). 21. 

(37) As 95% ethanol contains 5% water, the investigators found the diesel and its blend insoluble. This happens because of the high polarity of water. This large portion of water in the ethanol enhances the polar part within an ethanol molecule. Thus, diesel fuel, which is a non-polar molecule, cannot be compatible with 95% pure ethanol. Biodiesel is completely soluble in 95% ethanol at all proportions which is similar to its solubility in diesel fuel. But in this case, they found that even adding biodiesel with this diesel-ethanol. ay a. (95%) blend didn’t increase the inter solubility of the mixture. This result of poor emulsion is due to the fact that the water in the ethanol has stronger effect than biodiesel.. M al. Thus, it is concluded that, ethanol with higher water content is not suitable for the preparation of neither diesohol nor the ternary blend of diesel-biodiesel-ethanol. On the other hand, when ethanol is used of 99.5% purity then the inter-solubility of the three. of. liquids is not limited. These three could be used to prepare a uniform solution at any. U. ni. ve. rs i. ty. proportion as shown in the Fig. 2.4 below.. Figure 2.4: Diesel-Biodiesel-Ethanol 99.5% @ Room Temperature (Kwanchareon et al., 2007a). 22. 

(38) This ethanol of 99.5% purity is more soluble in diesel fuel than the ethanol of 95% purity because of later ones’ low water content. Although having low water content they found some blends of 99.5% ethanol and diesel were being separated into phases but the blends those contained biodiesel as an additive to the blends were still one phase liquid. This homogeneity while using biodiesel can be explained by the fact that the biodiesel turns into an amphiphile (a surface-active agent) when added to the diesel-ethanol blend. ay a. and forms micelles which have polar heads and non-polar tails. These molecules are attracted to the liquid/liquid interfacial films and to each other. These micelles can act in. M al. an either way, polar or non-polar solutes. This action of biodiesel depends on the orientation of its molecules. When the diesel fuel is in the continuous phase, the polar head in a biodiesel molecule concerns itself to the ethanol while the non-polar tail. of. concerns itself to the diesel. Depending on the physical parameters and component proportions this phenomenon hold the micelles in a thermodynamically stable state. ty. (Fernando & Hanna, 2005). The results obtained by testing ethanol of 99.9% purity are. rs i. seen to be the same as the results found for 99.5% ethanol. It was seen that ethanol of. ve. 99.9% purity could also be used to prepare a homogeneous liquid solution at any proportion (Kwanchareon et al., 2007a). They also observed the phase stability at. ni. different temperatures. In the fig. 2.5 below, they found that at 10° C ethanol in the range. U. of 20-80% by volume and diesel fuel blend is a clear liquid and in crystalline phases. Biodiesel and ethanol mixes to form a real solution, which can easily be prepared. Blends comprising of 70% to 100% biodiesel without ethanol in the blend becomes a gel. This is probably due to the presence of fatty acid in the biodiesel component.. 23. 

(39) ay a M al U. ni. ve. rs i. ty. of. Figure 2.5: Diesel-Biodiesel-Ethanol 99.5% @ 10° C (Kwanchareon et al., 2007a). Figure 2.6: Diesel-Biodiesel-Ethanol 99.5% @ 20° C (Kwanchareon et al., 2007a) In the Fig. 2.6, it is seen that at 20° C nearly all the blends are 1 phase liquid except for the blends having ethanol from 30-70% with diesel. In this proportions of ethanol, the. 24. 

(40) mixtures are always in 2 phases in which the two components are completely immiscible with each other. Thus at 20° C, if the diesel fuel concentration is lower than 30% or greater than 70%, then the ethanol is fully miscible in diesel fuel. When the room temperature was 30° C/ 40° C they found all the blends as a single-phase liquid. At these temperatures, ethanol could be blended with diesel at any proportions. Thus, there is no problem of phase separation at 30° C and up to 40° C. These results prove that diesel-biodiesel-. ay a. ethanol blends can remain stable as a single phase liquid fuel at relatively high ambient temperatures (30–40° C) (Kwanchareon et al., 2007a).. M al. Guarieiro et al. (Guarieiro et al., 2009) also studied the phase stability of both binary (diesohol) and ternary (diesel-biodiesel-ethanol) blends at room temperature with varying ethanol concentrations. They studied the effects of both anhydrous ethanol (99.5%) and. of. hydrous ethanol (95%). They also found that hydrous ethanol (95%) was insoluble in diesel, as because hydrated ethanol contains 5% water which means that the co-solvents. ty. investigated, did not developed the inter-solubility of the ethanol (95%) and diesel blend.. rs i. On the other hand, when they added 10% anhydrous ethanol (99.5%) in the diesel fuel,. ve. they found no phase separation even after 90 days of scrutiny. But they observed that adding a greater percentage of anhydrous ethanol (15%) to the binary mixture (only diesel. ni. & ethanol/diesohol) causes phase separation on the first day. So, they prepared blends. U. using higher percentage of anhydrous ethanol, diesel fuel and soybean biodiesel (SB), castor biodiesel (AB), residual biodiesel (RB), soybean oil (SO) and castor oil (AO) as co-solvents (at a time) and observed the stability of the ternary blends. They found some of the blends stable even after 3 months of observation while most of them were separated into phases. They described the homogeneity due to act of the co-solvents (the biodiesels and vegetable oils) they used, which act as an amphiphile (a surface-active agent) and form micelles which consists of polar heads and non-polar tails which is similar to the previous description. 25. 
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