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ABSTRACT

Ethanol and biodiesel are two potential alternafivels and ethanol can be used with biodiesel terekthe
availability of diesel. In this work Acid oil, a byoduct of vegetable oil refineries has been irngagtd as a source of
biodiesel as it is economical and readily availablgel properties of biodiesel produced are contpaiith standard diesel
fuel. Blends of ethanol, biodiesel and diesel aspared maximizing the biodiesel content to 60%ortter to ascertain the
applicability of blends as fuel, properties such density, kinematic viscosity, calorific value, dta and fire point,
cloud and pour point of stable blends have beearnhéhed as per ASTM standards. Cetane index islleddd using four
variable equation method. Results suggests thatrafjerties are in accordance with the stipulatedidard values of

biodiesel.
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INTRODUCTION

Unsustainable demands of petroleum fuels, increagedal warming threats and environmental degradati
matters have necessitated for development and atapto ecofriendly and renewable type of enemgources all over
the world. Biodiesel and bio ethanol are two sulteraatives which are being projected as subsstuite diesel and
gasoline fuels. Their adoptability to existing ergdesigns, reduced toxic emissions, comparabieepgrformances and
choice for wide variety of feed stocks have madmnthattractive and have encouraged many countriestiate several
biofuel developmental programmes in their respectizones. Though biodiesel and ethanol are attectiv
but are uneconomical at present, mainly due ta thigh costs of feed stocks and technological camgs employed

during manufacturing.

To reduce the dependency of imported petroleunsfurbst of the biofuels produced at present anedele with

diesel/gasoline and are used as economic and edevgg. Amongst the blends studied,
» Blends of Diesel with Biodiesel (BD blends)
» Blends of Diesel with Ethanol (Diesohol)

» Blends of Ethanol, Biodiesel and Diesel (EBD blgnds
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Have received more attention in recent years. Hewstudies of many researchers have indicatedotbatls of
diesel with biodiesel and diesel with ethanol iases NQ formation at different operating loads. Adding diesel to
diesel and ethanol have shown reduced hydro caabdnNQG, emissions and also studies confirmed that bleri¢s o
substantial reduction of carbon monoxide (CO), unbhydro carbons (UHC) and dangerous particulatétars (PM)
than petroleum fuels [1,2]. Blending of biodiesatlalcohol with petroleum fuels not only reducepants of petroleum
but also offers remunerative price for biomass fedck and creates additional employment at ruoahtions,

thus supporting agriculture and our national econom

Biodiesel which is a mixture of alkyl (Eg. Methydthyl) ester of fatty acids is made from a widegerof
vegetable oils, animal fats and used cooking ad also from waste oil by using trans-esterificatpocess. Moreover,
biodiesel can be used not only as an alternativeetoo diesel, but also as an additive for Diesohdblend of alcohol
(ethanol) with regular diesel. [3, 4]

Ethanol is used as an alternative fuel as it snewable fuel which can be produced from many tghe®mestic
agricultural products such as corn, sugarcane,rdugss, molasses or cassava, waste biomass rs&tdalt can reduce
the petroleum fuel imports and can also increasedds income [1,5]. Biodiesel can also be produiteth free fatty acid
mixture, acid oil which is readily available as pyoduct at most of the vegetable oil refinery sitBsvelopment of
biodiesel from the source enhances the support pfioil seed and thereby encourages the agriallaativities, which

influences our national economy and will help tduee our external dependence for energy needs. [6]

Generally ethanol blended with diesel (diesohoBch@eo major engine modifications [7] however ethaara
diesel are inherently immiscible and therefore sema effective emulsifier to produce homogenous fliee emulsifier
would reduce interfacial tension force leading mousion stability. Biodiesel is known to act asemulsifier due to its
slight polarity and long fatty acid carbon chairs h@otential to improve miscibility of ethanol anéskl over limited

range.

It is evident that further studies are necessarpath diesohol production and utilization. Majorpiontance
should be given for producing biodiesel from rawtenials that are available economically and moteactive system is

the production and usage of fuel containing bicgliasd ethanol which can be produced abundantiydia.

The objective of this work is i) To produce biodiefom acid oil ii) To compare fuel propertieshibdiesel thus
produce with standard specifications iii) Blendimigbiodiesel with diesel and ethanol and iv) Todstthe variations of

fuel properties of stable blends.
MATERIALS AND METHODS

Experiments were conducted to study the phase bwhawd to determine the fuel properties of a three
components fuel system comprising Ethanol — Biadiaad Diesel. The acid oil sample is used to pcedwiodiesel was
procured from M/s Murugharajendra Oil Industrieg.Rx¥d. Chitradurga, Karnataka, India, Which is adium scale oil
processing industry. Biodiesel is produced by #uisl oil using a new type of process which is depetl at the research
centre where esterification reaction is carriedluincorporating the principles of Extractive Dlistion (ED) and by the
use of operations like Rectification (R), ReflegtifR) and Recycling (R) for the excess methanot ueethe process.

The whole process is abbreviated as ED3R estdiditarocess.
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Diesel sample used for the present study was aatdiom local Indian oil outlet.

Ethanol (99.9%) pure used for the present study e@#sined from M/S Samson’s Distilleries, Duggayvati
Davangere District, Karnataka, India.

The fuel properties of these three componentsEiaanol-Biodiesel and Diesel were determined biofahg
standard test methods to ensure their compliansgatalard specifications. Blends of Ethanol-Bioeliesxd Diesel were
prepared by mixing into a homogeneous mixture uaimgagnetic stirrer. To study the effect of thremponent ratios on
the fuel properties, ten blends Ethanol-Biodiesall Diesel were prepared, which are obtained by nmgixtethanol
Biodiesel and Diesel by volume by varying the ethaomponent from 0% to 20% as shown in table hdratory tests
were then carried out using ASTM tests standarddetermine the properties such as the densitynidtie viscosity,

calorific value, flash point, fire point, cloud mbj pour point and cetaneindex. All analytical instents used for the
present studies were confirming to ASTM and Ind?&troleum Institute (IP1) specifications.

RESULTS AND DISCUSSIONS

Fuel properties of the blends of different propms are presented in Table 2. As the structure, & types of
compounds associated with Ethanol Biodiesel anddéiare completely different they exhibit their ofuel properties.
The following are the important observations madenffuel property studies.

Table 1: Properties of Three Component Fuels

Property Method Ethanol | Biodiesel | Diesel
Density (kg/m) ASTM D-4052 789 857 819
Kinematic viscosity (mris) ASTM D-445 1.20 5.55 2.94]
Calorific value (kJ/kg) ASTM D-2015 26843 41577 891
Flash point {C) ASTM D-9390 17 97 57
Fire point £C) ASTM D-9390 34 113 64
Cloud point fC) ASTM D-4052 -7 0 2
Pour point {C) ASTM D-2500 <35 -3 -16
Cetane index ASTM D-613 8 57 52

Table 2: Properties of Blends of EBD (% by Volume)

Blends of Ethanol :Biodiesel: Diesel (% By Volume)

Properties 0:60:40 2:60:38 6:60:34 8:60:32 10:60:30 12:60:28 14:60:26 16:60:24 18:60:22 20:60:20
Density (kg/m) 839.2 836.3 834.2 831.4 828.4 826.9 825.] 8229 19.B 817.6
Kinematic viscosity (mrfis) 5.36 5.16 4.78 4.58 4.36 3.98 3.78 3.36) 3.15 07 3.
Calorific value (kJ/kg) 43862 43372 41250 40365 o7 38992 38149 37822 36667 35863
Flash point {C) 81 76 72 69 66 62 60 56 54 51
Fire point ¢C) 93 80 77 73 70 68 65 60 57 54
Cloud point {C) 1 -1 -2 -2 -2 -3 -3 -4 -5 -5
Pour point {C) -4 -4.5 -5 -5 -5.5 -7 -7.5 -9 -11 -13
Cetane index 54.98 54.28 52.30 51.4 50.5 49.25 .8648 47.53 46.10 44.93

DENSITY

Density of different fuel blends by varying etha@old diesel proportions keeping biodiesel proportionstant
are as shown in Table 2. It can be observed thagiyeof biodiesel is higher when compared to dgnsf diesel and
ethanol and density decreases with increase ireptage of ethanol due to the fact that ethanoldwsr density and will
lower the density when mixed with diesel and biedie Higher density is not suitable as it leaddldav resistance.

However the results of density variations of diéferr blends shows the value are within acceptabiisli Figure 1 shows
variations of density of different stable blends.
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Figure 1: Variations of Density of EBD Blends
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Kinematic Viscosity

The viscosity of fuels measured are as shown irléTabThe viscosity of the blends decreases apéheentage
of ethanol in the blend increases. This is mainlg tb very low viscosity of the ethanol when coneglato viscosities of

biodiesel and diesel. Figure 2 shows the variataingscosities with varying proportions of dieseld ethanol.
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Figure 2: Variations of Viscosity of EBD Blends

Calorific Value

Calorific value of the fuel is one of the most imfamt property as it has a direct influence on poseput of an
engine. The results shows that calorific value doktane of diesel and biodiesel decreases with mseein ethanol
percentage. However heating values of blends auintpiess than 10% of ethanol were not much diffefeom that of
conventional diesel and the calorific value of ¢édsfuel blends were quite high so that better catibn characteristics

can be obtained when compared to other vegetals|§l@i, 13].

| Index Copernicus Value: 3.0 - Articles can be sertb editor@impactjournals.us




Investigations on Fuel Properties of Ternary Mixture of Ethanol, Bio Diesel from 185
Acid Oil and Petroleum Diesel to Evaluate Alternate-uel for Diesel Engine

50000

45000 A
35000 -

30000 -
25000 -
20000 -
15000 A
10000 A
5000 A

0 T T T T T T T T T

® o ® o H S ‘ :
& ,1;@% 6@% %@% 6@% O
Y "y Y N

EBD Blends (% by volume)

Calorific Value in (kJ/kg)

Figure 3: Variations of Calorific Value of EBD Blends

Flash and Fire Point

Flash and fire points of biodiesel, diesel and mohare as shown in Table 1. As biodiesel is predutom acid
oil and fatty acids of acid oil are of higher malkr weights (250 to 300) they are non volatilee¥lgive out sufficient
vapors at elevated temperatures to form a combegtiixture with air hence flash and fire pointsbiddiesel are much
higher than diesel and ethanol. As the flash ardpfoints of ethanol are very less when comparetiegel and biodiesel,
the flash and fire points of the blends decreasdis iwcrease in percentage of ethanol. But as #wegntage of the
biodiesel in blends is higher i.e., 60%, with 20%ethanol, the flash and fire points of the bleads slightly lower than

the flash and fire points of the conventional dieggich makes it as a convenient fuel as that esell.
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Figure 4: Variations of Flash and Fire Points of EB® Blends
Cloud and Pour Point

The cloud and pour points of three component fasdspresented in Table 1, and those of blendsrasepted in

Table 2. The cloud point of fuel when comparedltud point of blends with increased percentagetiofmol is less but
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the pour point of biodiesel is higher than dieag ¢b increase in viscosity at reduced temperatutésh ceases the oil to
flow. However the presence of ethanol in the bleaffiscted the pour point. Blends with less than 1df%&thanol were
found to have minimum variations in pour pointsttas percentage of biodiesel is constant. Blends %%, 14%, 16%,
18% and 20% of ethanol found to have lower pounfsoilue to the fact that the ethanol delayed tlyeedeof coalescent

of the blends despite of miscibility of ethanolpdiesel and diesel.
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Figure 5: Variations of Cloud and Pour Points of EE Blends

Cetane Index: Cetane Index of biodiesel is higher when compametetane index of diesel. But cetane index of
ethanol is very less. Hence the cetane index afdsielecreases with increase in percentage of dthzutoas a percentage
of biodiesel is constant at 60% it enhances theneeindex of blends. The blends containing less it®6 of ethanol are
having higher cetane index than that of diesel thedblends with higher percentage of ethanol akéngacetane index

within the acceptable limits of standard specifmas. So that better engine performance can bénalota
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Figure 6: Variations of Cetane Index of EBD Blends
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CONCLUSIONS

Investigations for stability and fuel propertiesathanol-biodiesel and diesel and their blendscarded out to
evaluate the potential for using biodiesel andahiesblends as an effective alternate fuel for eliemgines. The following

conclusions could be drawn from the present study.

» Biodiesel produced from acid oil could be used mse#fective additive for diesel and ethanol emuisio

For diesohol production absolute ethanol (99.9 %&)pshould be used to prevent phase separation.
» Density and viscosity of all the blends were fotmdbe under standard limits of diesel fuel.

» Because of higher percentage of biodiesel in bléhdsflash and fire points recorded are compartikiggher
compared to diesel fuel for blends containing g 10% ethanol and found to be closure to difess! for

blends with more than 10% ethanol.

» Lower cloud points were recorded for all blends paned to cloud points obtained for diesel fuel alddowever

pour point decreased with increase in ethanol péage in blends but found to be lower than diesell f

» Calorific value of blends were lower than that aésil but the difference were not significant fbe tblends

containing less than 5% of ethanol.

» In general blends containing higher percentagetafrel are having very close fuel properties compado diesel

fuel since the major component is biodiesel (60%Eept calorific value owing to lower calorific vawf ethanol.
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