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ABSTRACT

Most research on biodiesel has paying attention on using plant based oils as feed stocks. The aim of the research is
utilize the used vegetable oil methyl ester (UVOME), as a substitute for diesel in compression ignition engine. Used
vegetable oil methyl ester is derived through transesterification process by using used vegetable oil (UVO) and
methanol in the presence of either Sodium hydroxide (NaOH) or Potassium hydroxide (KOH) catalyst. The UVO,
methanol and NaOH catalyst are mixed with various proportions in the reactor and heated up to 60°C at constant
speed stirring for 4 hours and cool it for 12 hours to retrieve the UVOME. To get the better yield of Bio-diesel, the
various proportions of UVO, methanol and NaOH are taken for producing the Bio-diesel. Then this yield is
compared with the same proportions of UVO and methanol in presence of the catalyst KOH. The yield of produced
Bio-diesels of BN (Bio-diesel in presence of NaOH), BK (Bio-diesel in presence of KOH) were analyzed. The
maximum yield 87% of UVOME (BK) is derived through transesterification in the presence of KOH catalyst by using
bio-diesel processor is higher than the yield of UVOME (BN) which is derived by using NaOH catalyst. If the
methanol and catalyst concentration are increased in transesterification process, the yield of BK and BN are also
increased. The experiments were carried out to investigate the engine performance of used vegetable oil methyl
esters and their blends with diesel in varying proportions.
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INTRODUCTION

The increase in demand of energy resources anerhieonment leads to increase the interest in thdysof
alternative fuels like biodiesel to provide a shitadiesel oil substitute for internal combustiomgimes. Most
research on biodiesel has focused on using plesedbails as feed stocks. One potential source lois dised
Vegetable Oil (UVO). It has been retrieved from tgasil after cooking [1]. From this UVO, [3] thedbiiesel can
be produced through transesterification proce$s[3R

To reduce the cost of biodiesel production, towaste oil as feedstock, such as waste cookingtaile non-edible
oils, and so on [4]. Anitha A et al (2010) analyzbé properties of raw vegetable oil and waste twpkil [5].
Ramadhas A.S. et al, (2004) have insisted, thenmiig very important factor in transesterificatiaction [6].
Transesterification is also called alcoholysishe tisplacement of alcohol from an ester by anotiheshol in a
process similar to hydrolysis [7] [8].

Venkateswara Rao et al (2008) revealed that tmsésterification is an equilibrium reaction in whia large excess
of alcohol is required for the reaction to the tighhe aim of the study is to investigate the USedjetable Oil
Methyl Ester (UVOME) as a substitute for diesetompression ignition engine. Used vegetable oil e@s/erted
into their methyl ester using transesterificationgess. The properties of the fuels were determirsday standard
methods [9]. Lakshmi Narayana Rao G et al (2008gstigated the combustion and emission charadtsrist
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diesel engine which is fuelled with rice bran oietimyl ester and its diesel blends. Rice bran oithyleester
(RBME) was derived through the transesterificafioocess [10].

Lakshmi Narayana Rao G. et al (2008) studied tmebestion and emission characteristics of a diesgine fueled
with used cooking oil methyl ester (UCME) and iterils. In this study used cooking oil was dehydrated then
transesterified using an alkaline catalyst. Experita were conducted on a single cylinder natuesdfyirated direct
injection, air cooled stationary diesel enginew#ts observed that, compared to diesel delay ofiognof UCME

and its blends were found to be lesser [11].

A.Karthikeyan et al (2009) analyzed the engine qrenfince for Jatropa (JME), Fish oil (FME), Pungamigthyl

esters (PME) and their blends in single cylindestrbke Cl engine. The volumetric efficiency valuwdsB20 and
B40 blends of all the methyl esters are approximaqual to the volumetric efficiency values of sbéat all loads.
For B60, the volumetric efficiency values of FME reénigher than all other fuels. The air fuel ratedues of B20
blends for IME, RME, and FME are nearer to thefut ratio values of diesel. For B40, B60 and BHiOfuel

ratios of JIME, RME and FME are less than the adf fatio of diesel. The exhaust gas temperatuirgci®ased with
percentage of methyl esters were increased inetsteftiel at all load conditions. The exhaust gasperature of
FME and its blends were lesser than other two nhetsters such as RME, JME and their blends [12].

A.Karthikeyan et al (2009) analyzed the engine grenfince for fish oil methyl esters in single cyBneéngine. The
thermal efficiency of B20 blends is less than diése3%, the thermal efficiency of B40 blends FMEleéss than
diesel by 4% and less than diesel by 4% [13]. GUVIMt al, (2008) reviewed, the demand of fossil fnereases
day to day in the near future, the need to fingrmewable energy sources becomes more importaavex the
world. Bio-diesel is produced from vegetable oiss ftharacteristics similar to petroleum-deriveagei®il and has
received considerable attention and used as aitsbdgtiel for diesel engines [14].

EXPERIMENTAL SECTION

Tranesterification
Used vegetable oil (UVO) is considered as feedstfmckthe biodiesel production. The method of bigdie
production is transesterification. The general éiqudor transesterification reaction is given guation (1).

RCOOR' + R" OH— RCOOR" + R' OH ----=-=-mmeme- (1)

Transesterification is an effective way to redube wviscosity of the vegetable oils. During the s of
transesterification, used vegetable oil (Used Suvel oil) reacts with methanol in the presenceaiflyst NaOH
and form glycerol and vegetable oil methyl ester.

A specified quantity of vegetable oil and methamete taken in the reactor. A few grams of NaOH vadse added
to reactor. The proportions were heated up ftC@@at is below the boiling point of methanol ahd tontents need
to mix vigorously fast for 2-3 hours till the esteas formed so that the chemical reaction sholtd tdace with
effect. The mixture was cooled to room temperature few drops of hydrochloric acid were added totradize it.
Then the contents were washed with hot distilletewand allowed to settle overnight in a separe¢sisel. But the
result can be far better if the mixture in mixirank is kept for 1 day. Two layers were formed, t@yper was the
methyl ester and the bottom was glycerol. The ghlcevas settled down at the bottom of the reactwalise bio-
diesel is lighter than glycerin. The glycerin wasided off using the separator valve fitted at Iioétom of the
reactor.

To retrieve the better yield of UVOME, the experitteewere conducted for different proportions of segetable
oil, Methanol in presence of NaOH and the resule&senrecorded. The same proportions of UVO, methanol
presence of KOH were also recorded. From the exyatis results the better yield of UVYOME in preseocBaOH
which is called as BN and UVOME in presence of K@t is BK were compared. The properties of thealieBN
and BK are given in Table.1.

Table 1. The propertiesof the diesel, BN and BK

Properties Diese BN BK
Density (kgnt) 830 889 878
Kinematic Viscosity @ 4T 3.2 6.5 6.2
Heating Value (MJKQ) 42.9 37.8 36.7
Flash point {C) 50 172 178
Auto ignition temperature® C) 260 455 463
Oxygen (%) 0 10-12 10-13
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Experimental engine setup

The performance tests were carried on a singleasti four stroke, and water-cooled kirloskar cotapmed diesel
engine setup. Diesel engine was directly coupledrtaddy current dynamometer. The engine and dymetes
were interfaced to a control panel, which was coteteto a computer. This computerized test rig wsed for
reading the test parameters such as fuel flow t@teperature, air flow rate, and load for calculgtihe engine such
as power, brake specific fuel consumption, bralkerttal efficiency, etc. The experimental engine gélas shown
in fig.1. Experiments were conducted when the emgias fuelled with UVOME and their blends with pogjions
of 20:80, 100% (by volume), which are generallylazhlas B20, B100 respectively. The experimentscarslucted
for diesel, Bio diesel blends of B20N, B100N, B2G@#d B100K.
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Figl. Experimental engine setup
RESULTSAND DISCUSSION

Results of theyield of Used Vegetable oil Methyl ester (UVOME)

The comparison of the yield of UVOME (%) by usingot different catalysts (NaOH and KOH) by varying
methanol is shown in Fig.2. Fig 3.shows the congoariof the yield of UVYOME (%) by using two diffettecatalysts
(NaOH and KOH) by varying UVO. The yield of UVOME®] is compared by using two different catalysts@ia
and KOH) by varying catalyst concentration as shaomwifig 4.The fig 2 to fig.4 clearly show that, thyeeld of
UVOME (BK) is derived through transesterificatioy KOH catalyst is higher than the yield of UVOME NB
which is derived by using NaOH catalyst. It is abee that when the methanol concentration is irsgdan
transesterification process, the yield of BK and BN also increased. The yield is higher, when dilyst
concentration is increased; however it is lower wiee UVO concentration is increased. Comparetheoyteld of
BN, BK has the maximum yield of 87% which is incsed by 2.4 % than BN. If the UVO is increased, ytiedd of
BK and BN are reduced. BN is reduced by 2% in tieédyof BN than the yield of BK. When the concetitra of
catalyst is increased in the transesterificatiacess, the yield of BN and BK are also increaséea. yiield of BK is
increased by 8% than the yield of BN. From theseilte it is observed that this emulsification canaleviated
reducing shaking intensity during washing and sajpam of biodiesel from glycerol. In spite of betigeld, using
NaOH causes more emulsion than KOH and makes wliffio separate biodiesel from glycerin. Due t tlgason,
KOH has been concluded as a better catalyst th@tHNa retrieve the maximum yield.
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Fig.2. Yield of UVOME (%) by using two different catalysts (NaOH and KOH) by varying methanol
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Fig 3. Yield of UVOME (%) by using two different catalysts (NaOH and KOH) by varying UVO
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Fig4.Yield of UVOME (%) by using two different catalysts (NaOH and KOH) by varying catalyst concentration

Brake Specific Fuel Consumption (BSFC)
Comparison of the Brake Specific Fuel Consump{B8FC) for diesel, B20N and B20K with varying BraRewer
(BP) is shown in fig.5. The lower value of BSFColstained when the B20N fuel is tested than B20K.¥dlee is
increased by 1.875% in B20K which is almost clasediesel. Fig. 6 shows the comparison of BSFCdiesel,
B100ON and B100K with varying Brake Power. The vaideBSFC is increased when the B100N fuel is testé

value of BSFC is reduced by 4.75% than that of BLOThe result for the variation in the brake specitiel

consumption (BSFC) is represented in the fig.5f&ané are clearly explained that, all the fuelss BSFC falls with
increasing load and Brake Power and the differen¢8SFC are very small when varying the fuels. Tdwest
BSFC value is 0.2852 kg/kW-h for diesel than otB& and its blends, BK and its blends because UVOME
lower calorific value than that of diesel. Hence #pecific fuel consumption is slightly higher thhat of diesel for
UVOME and its blends. The higher BSFC value in ¢thse of B10ON in higher brake power is due to their

energy content, high specific gravity and low céilovalue, compared to diesel.
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Fig 5. Comparison of BSFC for Diesel, B20N and B20K with varying Brake Power
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Fig 6. Comparison of BSFC for Diesel, B10ON and B100K with varying Brake Power

Brake Thermal Efficiency (BTE)

Brake thermal efficiency (BTE) of BN and its blend®K and its blends is lower compared to that @fséi.Fig.7
shows the comparison of BTE for diesel, B20N an@B®ith varying Bake power. Compared to diesel 820N,
B20K has the lower value of BTE. BTE value for B2@Kdecreased by 0.96% when compared with B20Ne Th
comparision of BTE for diesel, BLOON and B100K withrying brake power is shown in fig.8. The BTEB100K
is lower than that of diesel and B10ON. The valfid®00N is increased by 0.8% than B100OX. higher brake
power, the BTE of BK, BK blends, BN and its blenisisower than that of diesel by 0.12-2.26%. Sift® éngine is
operated under constant injection and BN, BN bleB#sand BK blends have a smaller ignition delaymbustion
is initiated much before TDC is reached. This inyaeh the compression work and more heat loss arglrdduces
the brake thermal efficiency of the engine. This edso be explained by the fact that maximum edficy is
obtained when most of the heat is released clo§d. The start of heat release much before TDOMOME
and its blends results in larger deviation fromittesal cycle and hence lower thermal efficiencyeisorded. Also it
is noticed that, the decrease in BTE is not propoal to the increase in % UVOME in the fuel. Thegiation is due
to better lubricating properties of UVOME and higkdensity as compared to diesel.
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Fig 7. Comparison of BTE for diesel, B20N and B20K with varying Brake Power
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Fig 8. Comparison of BTE for diesel, BLOON and B100K with varying Brake Power
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CONCLUSION

The bio-diesel can be produced from used vegetabl&he maximum yield of 87% is obtained for UVOMBK)
which is derived through transesterification in gresence of KOH catalyst by transesterificatiohigher than the
yield of UVYOME (BN) which is derived by using NaOthtalyst. If the methanol and catalyst concentratioe
increased in transesterification process, the giefdBK and BN are also increased. The density Mfadd BK are
higher than that of diesel. Brake thermal efficieBTE) of UVYOME and its blends are lower compatedhat of
diesel. At rated load condition, the BTE of UVOMEBN) is lower than that of diesel by 2.54%. The BGEB100K
is lower than B10ON.The value of B1OON is increabgd.8% than B100K at higher brake power. HeneeBRE
of BK, BK blends, BN and its blends are lower thhat of diesel. Brake specific fuel consumption FBS is
decreased with increasing load and brake powerldwest BSFC value is 0.2852kg/kW-h for diesel tiotmer BN
and its blends, BK and its blends because of theier calorific value than that of diesel. The eghBSFC value is
obtained when B10ON fuel is tested in rated loaadd@mn with higher brake power, when compareditother BK
blends and BN blends.
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