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ABSTRACT

The successful alternative fuel is one which shdulfll environmental and energy security needshout
sacrificing its operating performance. Every natioas locked their eyes on biodiesel as main repfece of crude
oil specially diesel. Bio-diesel is fatty acid dhy or methyl ester made from unused or used abtgebils and
animal fats. Bio-diesel is eco-friendly, alternatidiesel fuel prepared from domestic renewablewess such as
vegetable oils and animal fats exclusively for eiemngines. Experimental investigation was carried on used
mustard oil to study its properties and to chesksititability as a biodiesel and also a replacenfentiesel oil in
future. The biodiesel from used mustard oil wasppred by the process of Transesterificatioim
Transesterification process the mixture of Mustaildand alcohols was constantly mixed, in the pneseof base
catalyst potassium hydroxide (KOH) at’60with the help of water bath shaker. The conceiumeof catalyst which
affects the yield of product was studied during nBesterification process to optimize its effectse Dther
parameter which also effect the yield of processewviiee time of reaction, concentration of alcohi) (were also
optimized during Trans esterification process. histwork, three process variables used for stanattn of
transesterification process, various fuel propesta# biodiesel produced from waste cooking oil d@e&rmined and
the different blends of waste cooking oil and diese tested on multi-cylinder automotive diesajiar to evaluate
its performance characteristics. Hence the problémnmulated can be named as “Study of performance
characteristics of compression ignition automotargyine powered by various blends of bio-dieselagxtd from
waste cooking oil”.
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INTRODUCTION

The worldwide concern about the protection of emvinent and the conservation of non-renewable rlatura
resources, has given a cause to alternate devefapgrigources of energy as substitute for traditidossil fuels
[1]. Today’'s most of industries as well as housdladtivities are accomplished by using energy éerivom fossil
fuels (petroleum, coal and natural gas). HoweVe,sources for these are limited and will probajay exhausted
in the future[2] . Thus, looking for the alternaigources of new and renewable energy such as abgrhydro,
solar, wind, geothermal, nuclear and hydrogen igtaf importance. Alternative source of new andewable fuels
have the potential to solve many of the currentadqmoblems and concerns, from air pollution, giblvarming,
greenhouse effect and other environmental impronésrend sustainability issues. Vegetable or Bicadgle oils
have become more attractive recently because aht&onmental advantages and the fact that it aslenfrom
renewable sources. Examples of renewable fuelstterebiodiesel produced from vegetable oils and retha
produced from plant’s biomass [3].

Sadeghinezhadt al studied the play of biodiesel as an attractivere@wf renewable energy in order to make up
with the oil crisis. However, it was realised teatensive utilisation of bio-fuels would lead tokgical imbalance
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and lead to food shortage. Use of bio diesel asswsignificance on many counts such as it can $tragvay

replace petro —diesel without much change in thesgmt Cl engine system, it is environment friendlyis a

renewable source of energy, it can be producedjyosaving precious foreign exchange, it can prgldime existing
petroleum —diesel reserves, the country can beaatiigeliant in energy field devoid of all Interi@ial pressures.
NOx emission is increased for biodiesel due to amstibn, oxygen content and some properties of tle¢ ft can

be reduced by recirculation of the exhaust airhef éngine called exhaust gas recirculation (EGRjchvcreates
longer ignition delay improves fuel air mixing vd#ting in reduction of NOx and particulate mattBM) emission.
Retarded fuel ignition timing can reduce NOx whifaintaining the other emission reductions. Biodiédends

have the ability to give greater lubricant to timgiee which gives greater life span to the engBiediesel can be
used in pure form in the IC engine without or dertmodifications. Vegetable oils have high viscpsithen

compared to conventional diesel. Recent studiewsltiioat CO, HC and particulate matter emissionganvgd due
to preheating which reduced the viscosity of thgetable oil, almost to the level of diesel fuel @hicaused
improvement in the combustion[4] .

From studies it is concluded that biodiesel cay plancreasingly a good role in support of meetngrgy demand
in transport areas and also there have been astamisirends for the performance of biodiesel engind different
range of gases emission during varied biodieseldsie@nd operating conditions or driving cyclesnc8ithis paper
covers a wide range in biodiesel area, it gives liheic idea about biodiesel production and its quardnce
characteristics measurement and it also be useelsaarch reference for biodiesel production frometable oils.
Therefore, selection of vegetable oil and productiechnology is vital for growth in biodiesel indss. In the
present experimental investigation, mustard oil hyleester (MOME) was produced by the trans-estsifon
process, using mustard oil and methanol with KORtatslyst [5]. Properties of mustard oil were chdted and
studied. Characterization of mustard biodiesel d@se. Twin Cylinder Internal combustion engine (TBATndica
V2) was used for the performance characteristi¢sgumustard biodiesel blends (B15, B25 and B35)uas.
Performance for biodiesel blends were comparetdeduel[ 8, 9].

EXPERIMENTAL SECTION

The Mustard oil used in this present study was hoérgm cafeteria of Amity University Noida, Utt&radesh. All
the chemicals (Methanol, Ethanol, Phenolphthalki@H catalyst and NaOH) are provided by chemistly ¢d
Amity School of Engineering & Technology, Amity Uirsity .Water bath and Water Bath stirrer whictswaed
for trans-esterification of Mustard oil was als@yided by the chemistry lab of the college. Numbafrsample
bottles were also available in chemistry lab togifferent samples of biodiesel during experimedatat

The fuel properties like viscosity ,flash pointputl point ,pour point etc. were determined by usiggipments such
as Redwood Viscometer for kinematic viscosity, RBé&g- Martens apparatus for flash point etc. Somehef
properties like calorific value were determinedBatrat Test House, Rai, Sonepat (Haryana). Theeymalcess of
biodiesel preparation was done at Amity School n§iEeering & Technology, Amity University Noida. this
process of ester or biodiesel preparation the abiebil reacts with simple alcohol like methanothe presence of
a catalyst. The fatty acid of the vegetable oileiglaced with the (OH) group of the alcohol prodacihe glycerol
and methyl fatty acid ester. The concentrationatélyst effects yield of the ester and therefotie itery important
for experimental optimization as if concentrationcatalyst is less than the required value, thetiea between
vegetable oil and alcohol will not be completedthé concentration of catalyst is more than the ireqwalue, the
saponification will takes place which will leadsoap formation. Hence the optimization of catatgsicentration is
important. The parametric process effects wereietutb standardize the Transesterification proc&sgre are
infinite number of experiments for different contration and number of parameters which gives differyields.
For reducing the number of experiment to be perémtrfor best and optimized results the Taguchi @ohal
Method was applied for experiment design whichedixhe number of parameters and the number ofsl@vethich
experiments have to be performed for which we betdrray and we perform the experiments accordntat
array. By this method the least number of experisiare obtained with maximum ester yield as wellea®vering
ester with least possible viscosity.

In order to standardize the catalyst concentratiowr, levels of catalyst (KOH) concentration (.75%56, 1.25%,
1.5%) was set and the reaction time of 30 minud@sminutes, 50 minutes and 60 minutes respectigaly
concentration of alcohol 10%, 15%,20% & 25% andpterature of 68C were taken in this research paper.

Transesterification

The vegetable oils must be chemically altered entbéd with diesel fuel to prevent premature endailere.
Blending, cracking, emulsification or transestedfion of vegetable oils may overcome the problemsh as
formation of deposit, carbon formation and contation of lubricating oil which otherwise causes mature
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engine failure. Transesterification of vegetablés @0 bio-diesel with methanol can be carried osing both
homogeneous (acid or base) and heterogeneousdabike) catalysts. Homogeneous base catalystglprowch
faster reaction rates than heterogeneous catdlystsinsesterification [6]. Homogeneous catalystdude acids
such as sulfuric acid or hydrochloric acid and baseich as sodium or potassium hydroxides. Basdyzat
transesterification has been most frequently usddstrially because of its fast reaction rates eagiacid catalyzed
transesterification has received less attentiombiee it has slow reaction rate and requires magreresive materials
for construction. The vegetable oil was chemica#igcted with an alcohol in presence of a catalygproduce
methyl esters. The by-product of transesterificati@action was Glycerol.

O O
I I
CH;-0-C-Ry CH;-0-C-Ry
|
| 0 o} CH; - OH
I | I I
CH -0-C-Ry; + 3CH3;0H = CH;-O0-C-R; + CH-OH
I (KOH) |
| 0 o} CH; - OH
I | I
CH;-0-C-R4 CH;-0-C-Ry
Triglyceride Fﬁttmoffaﬂﬂ
Esters

Fig: 1 Used Cooking Oil + Methanol + Potassum Hydr oxide > Biodiesel Fuel + Glycerin

Glycerol is the byproduct in the production of bhesekl. It is a sugar compound which has 3 hydrgxglps and it
is the reason for its water solubility. It is badig very useful for medical and personal operagjdike, in cough
syrups,toothpaste,skin care products,shaving creaaps etc.

The gycerol is denser in nature as compare to &sedli That's why the bottom portion of above diagia glycerol
and upper portion is biodiesel. According to theetypf feedstock, we generally select catalystsHikd,NaOH etc.
in order to accelerate the reaction to make purifeedstock [7]. With an intermediate temperatur&® degree
celsius the reaction happens at atmospheric pesdangwith the reaction time of about 6 hours.sTikihow a
biodiesel can be prepared.

Fig:2 Glycerin and Waste Cooking Oil Methyle Ester

Procedurefor Transesterification
1.Take 200 grams of Mustard oil and in conical fléak
2.Preheat the oil at 60 degree celsius for 30 minldesot heat it directly, use a water bath.
3.In a new flask (B) add catalyst KOH and the contdmiuld be according to the designed experimeht Tiable
3]. (KOH is the catalyst that we will be using srtte free fatty acid content of your oil was g 3%).
4.In flask (B) add methanol with respect to the weighoil as given in Table 3.
5.Shake the solution for a minute and add it to figsk
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6.Now, in a water bath shaker heat the sample foe tjiven in Table 3 at 60 degree Celsius. The RPNhef
shaker should be moderate.

7.Put this solution in a separating flask for at te&% hours. This way the glycerine and crude bisgievill be
separated. Glycerine will be and the bottom andehiodiesel at the top.

=
=

Fig: 3 Glycerine and waste cooking oil methyl ester mixture, before and after separation

Table 1: Different apparatus and standar ds used for fuel characterization

S. No. | Name of thefuel property M ethod/Standar ds
1. FFA content (%) Titration with 0.1 N NaOH
Redwood Viscometer
IS: 1448 [P:25]:1976
Closed cup flash(Pen ski- martin) and fire pointaratus,
1S:1448 [P:32]:1992
Cloud & Pour Point Apparatus
IS: 1448 [P:10]:1970
Bomb Calorimeter,
IS: 1448 [P:6]:1984

2. Viscosity

3. Flash Point and Fire Point|

4, Cloud Point & Pour Point

5. Calorific Value

[I. Design of Experiments
There are lots of methods to design the experingeget best yield out of the experiment. But thehnod used in
this test is Taguchi’'s Orthogonal Array Method. Timain motive of using this method is to reduce tioe of
experiment. This Orthogonal array method providest lset of well-balanced experiments. Taguchi’agtnal
array is set of array which are predefined andaaeglable on internet. These arrays are generalyed as L4, L8,
L9 etc. and can be selected according to the npa@meters and no. of levels.

Table 2: Experiment Variables

Catalyst (%) 0.75] 1.0] 1.25] 1.5
Alcohol (%) 10 | 15| 20| 25
Time (minutes) | 30 | 40 50 60

From the above table we can see that no. of paeamate 3(catalyst, alcohol and time) and the htewels are 4.
Therefore according to Taguchi’'s Orthogonal Arrag array selected for 3 no. of parameters and #filevels is
L'16. Therefore according to L'16 the experiments designed as follows:
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Table 3: Design of Experiments by Taghuchi Orthogonal Array

Reaction . .
S. No. Catalyst Alcohol Time Yield . .

Tam(aoeé;ature Conc. (%) | Conc. (%) | (minutes) | (%) Viscosity
1. 60 0.75 10 30 91.6 4.91
2. 60 0.75 15 40 99.24 4.61
3. 60 0.75 20 50 89.2 4.52
4, 60 0.75 25 60 98.1 4.79
5. 60 1.00 10 30 92.1 5.10
6. 60 1.00 15 40 96.5 451
7. 60 1.00 20 50 92.99 4.65
8. 60 1.00 25 60 94.17 4.94
9. 60 1.25 10 30 88.62 5.07
10. 60 1.25 15 40 91.1y 4.75
11. 60 1.25 20 50 97.80 4.40
12. 60 1.25 25 60 96.19 5.01
13. 60 1.50 10 30 99.60 4.56
14. 60 1.50 15 40 98.60 4.89
15. 60 1.50 20 50 88.16 4.50
16. 60 1.50 25 60 94.71 4.86

RESULTSAND DISCUSSION

The biodiesel is produced by various methods amelnigh Transesterification of edible and non-edibiis are
widely used worldwide. The concept of Transestemiibn is gaining attention as methanol is derifiam

renewable biomass sources. The fuel consumptidnttes cylinder, four stroke water cooled Cl enginas also
conducted to evaluate the performance of the engindiesel and on different blends of waste cookiiigbio-

diesel and diesel. The recovery of ester as weilsakinematic viscosity is affected by the catalgsncentration
used. The catalyst concentration was standardzedtain methyl ester of waste cooking oil with &st possible
kinematic viscosity and highest level of recovemhe fuel properties such as kinematic viscosityathef

combustion, cloud and pour point, flash and firenpof diesel and methyl ester of waste cookingvath diesel
were compared. An automotive two cylinder 4-strdlesel engine have been tested on diesel and onB2E, B35
blends of waste cooking oil methyl ester and dieSéle brake thermal efficiency, mechanical efficignfuel

consumption, brake specific and fuel consumptiomeweeasured. The results of parameters measurethaind
analytical interpretation with discussion are prasd in this paper.

Perfor mance Char acteristics
1. Brake Power

BRAKE POWER VS LOAD

15
=
~
< 10 ——B-0
=
o s —@—B-15
a
~4 B-25
§ 0
o 2.5 3.8 6.5 8.9 11.5 13.4 15.6 =>¢=B-35

LOAD, KG
Fig: 4. Variation of brake power with respect to Load

The power developed in the engine cylinder is iatid power which is also used to overcome thenatdriction.
The net power available at the shaft is known akdpower. The brake power for different blendbiofdiesel and
that of conventional diesel at different load ipaged in figure 4.

The test was conducted for pure diesel fuel whiels Wase line fuel and then for different blendsva$te cooking
oil bio-diesel B15, B25, B35 samples and the loadengine was varied from 2.5 to 15.6 Kg. It waseobsd that
brake power increases when the load was increasedllfoperations of diesel and waste cooking wkdiesel
blends. Generally, the brake power was approximaietilar at any load for diesel and blends of wasioking oil
biodiesel and diesel.
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2.Brake Thermal Efficiency

. BRAKE THERMAL EFFICIECY VSBRAKE LOAD

34
31
28
25 —&—B-0

22 —8—B-15
19 B-25
16
13

10

=>e=B-35

BRAKE THERMAL EFFICIENCY %

2.0625 3.135 5.3625 7.3425 9.4875 11.055 12.87

BRAKE LOAD, KW

Fig 5: Variation of brake thermal efficiency with respect to brakeload

The Brake thermal efficiency is defined as theorafiwork output at the engine shaft i.e. brake @ote the energy
supplied by fuel. It is a measure of the enginéifity to make efficient use of fuel. The brake tmal efficiency for
different blends of fuel and that of conventiongse| at different load is reported in figure 4.

The test was conducted for pure diesel fuel whidbaise line fuel and then for different blends aste cooking oil
bio-diesel B15, B25, B35 samples and the load @inenwas varied from 2KW to 13KW. It was observidttthe
brake thermal efficiency increases with the incregdoad for all diesel and waste cooking oil bieskl blends
operations. This was due to reduction in heat ks increase in power with increase in load. Briiermal
efficiencies of all the blends of waste cooking-Hiesel with diesel were close. The brake therrffediency of B15
blend was almost similar to conventional diesel.fliendicates that higher cetane number and iehiepresence of
oxygen in biodiesel results in better combustiome Teason for comparable efficiency up to B15 mapécause of
better combustion due to inherent oxygen and higleeane number. It was also observed that brakentie
efficiency is almost similar when waste cooking-tiesel proportion in the blend was lower for ariyeg load.
The reason for the improved thermal efficiency fower concentration blends was due to more complete
combustion due to inherent oxygen and higher cetameber and additional lubricity of oil. But beyoBd5, the
brake thermal efficiency was slightly lower to tlzdtdiesel which may be due to lower calorific valand higher
viscosity which was more dominating over inhererygen and higher cetane number. Because of theehig
viscosity of blends beyond B15, the atomizatioriugfl will not be as good as it will be for lowersebsity at same
level of pressure developed by injector pump. Tiakd thermal efficiency of B-35 and B-25 blends Was36%,
9.7% less than diesel at full load condition wheré&a B-15 blend it was only 1.4% less than dieseiull load
condition.

3.Fuel Consumption

The test was conducted for pure diesel fuel whichase line fuel and then for different blends aZ@/bio-diesel
BO, B15, B25 and B35 samples and the load on engiags varied from 2KW to 13KW. It was observed
experimentally that the fuel consumption increasbgn the load was increased for all operationsie$ed and
WCO bio-diesel blends as shown in figure 6.

It was also observed that fuel consumption increageen waste cooking oil bio-diesel proportionhie blend was
increased for any given load. Also for B35 blertk tncrease in fuel consumption was more than dhatther

blends and diesel operations at higher load canditiThis was due to the higher viscosity and lovedorific value
of B35 as compared to other blends and conventiDiedel fuel. At full load operation maximum powef the

engine was produced that needs higher amount bEhergy and due to lower energy content of B36ampared
to conventional diesel and other blends, fuel condion increases for B35 as compared to dieseltaadther
blends at higher loads.
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FUEL CONSUMPTION VS BRAKE LOAD
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Fig 6: Variation of fuel consumption with respect to brake load

4. Brake Specific fuel Consumption

The brake specific fuel consumption is definedhasftiel consumed by engine in kg for per kW perrhdbe brake
specific fuel consumption for different blends a&f and that of conventional diesel at differerstdas reported in
figure 7.

The test was conducted for pure diesel fuel whiels Wase line fuel and then for different blendsva$te cooking
oil bio-diesel B15, B25, B35 samples and the loadeagine was varied from 2KW to 13KW. It was observ
experimentally that the brake specific fuel constiompdecreases when the load was increased fopalations of
diesel and WCO bio-diesel blends.

SPECIFIC FUEL CONSUMPTION VS BRAKE

LOAD
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2.0625 3.135 5.3625 7.3425 9.4875 11.055 12.87
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Fig. 7: - Variation of brake specific fuel consumption with respect to brake load

This reduction could be due to higher percentagmakase in brake power with load as compareddoease in
fuel consumption. The temperature of cylinder vaddb increases with load which in turn reduceddghéion delay
which improves the combustion process and redumesuel consumption. Also the reduction in the saiébrake
specific fuel consumption was more as comparetidabdf at higher loads. The brake specific fuelstonption of
B35, B25, and B15 was 16.55%, 13.27% and 2.81%sehititan diesel at full load. At full load operatior@aximum
power of the engine was produced that needs haymeunt of fuel energy and due to lower energy cunié B35

1081



Sagar Kaushik et al J. Chem. Pharm. Res., 2015, 7(5):1075-1082

as compared to conventional diesel and other bJeB8EC increases for B35 as compared to diesettendther
blends at higher load conditions. Also, the calonflues of fuel blends were found to be lowentdéesel thereby
increasing the engine’s fuel consumption to overedsentical load.

CONCLUSION

The overall testing based on the preparation, cheniaation of fuel, performance of waste cookirigmethyl
esters were carried out on the engine and thewitp conclusions can be drawn:

The recovery of waste cooking mustard oil methyeesf lowest kinematic viscosity (4.4nfsec) with 97.8%
recovery is possible at the catalyst concentraifah25%.

In terms of engine performance, the lowest valubrake specific fuel consumption was obtained usiiegel i.e.
B-0 at all load conditions. Results obtained intBidhat engine performance in terms of BSFC wenetdor all the
blends than diesel. However, 15% substitution afsei with any of the three vegetable oils did niffed
significantly from results obtained using pure dieghe brake specific fuel consumption of B-352R8-and B-15
is 16.55%, 13.27% and 2.81% higher than diesellatdad. The brake specific fuel consumption of5Rdlend is
almost similar to conventional diesel fuel. Thekerpower increases when the load is increasedlfoparations of
diesel and WCO bio-diesel blends. Generally, thak&mpower is approximately similar at any load dasel and
blends of waste cooking oil biodiesel and diesélerinal efficiency of the engine was generally lodaerall the
blends than for diesel. However, the results wetlitkecclose. The brake thermal efficiency of B-38l &3125 blends
is 11.36%, 9.7% less than diesel at full load cthodiwhereas for B-15 blend it is only 1.4% lesarthdiesel at full
load condition. The brake thermal efficiency of Blilend is almost similar to conventional diesellfuks the
performance of engine on B-15 blend was closesbtwentional diesel fuel so use of 15% blends o§Maooking
oil bio-diesel as diesel fuel alternative can ciiie in reducing.
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