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ABSTRACT

Biodiesel from non-edible vegetable oils is of pacaint significance in India due to insufficient leldi oil
production. The use of biodiesel has been widebepied as an effective solution to reduce greemheusssions. The
high potential of biodiesel in terms of PM, N@O and C@ emission reduction may represent an additionaivation
for its wide use. However the poor low temperaiperability is imperative. According to these olys¢ions a different
behaviour of the after treatment system, especéljar as control issues of the Diesel Particufiter are concerned is
also expected. The use of biodiesel as alternadit@ssil fuel for light duty Cl engines to redugeenhouse gas emissions
was widely investigated. However, poor stabilitybaddiesel - diesel mixture limits the use of beskl to low volume
concentrations. This paper presents the resultsecoimg the use of a novel fuel additive packag&aiaing, pour-point
depressant with the aim to increase the qualityaandunt of biodiesel in the diesel-biodiesel bleridghe above context
Kusum oil methyl ester was blended with 10%, 20%arbl and 10% ethanol diesel (each) to investitfageengine
performance and emission characteristics. Restgated Kusum oil methyl ester blended with 20% ethaan be fuelled

to marine diesel engines without any modificationgine hardware in spite of a negligible powsslo

KEYWORDS: KOME: Kusum Oil Methyl Esters, KOMEE20: 80% Kusunil ®ethyl Ester And 20% Ethanol,
KOMEE10 D10: 80% Kusum Oil Methyl Ester Blended Wit0%Ethanol And 10% Diesel, KOME E10: 90% Kusurh Oi
Methyl Ester And 10% Ethanol, CKO: Crude Kusum OQEQO: Transesterified Oil, FFA: Free Fatty Acidg\\FE: Fatty
Acid Methyl Ester, RKO: Refined Kusum Oil

INTRODUCTION

Kusum is widely available in sub-Himalayan regid@hhattishgarh, throughout central and southernalndi
Burma, Ceylon, Java and Timor. The plant, whichls® commonly known as Ceylon oak, lac tree, or &8aar oil tree,
belongs to the Sapindaceae family [1]. Tohleichera family is named after J. C. Schleicher, a Swissuist, and the
species name means "oily" or "rich in oil [2]. Ttree is native to India and Pakistan, but is atamél in some parts of
South East Asia. Schlichera Oliosa seed kernel$atod0.3% of yellowish brown coloured oil [3]. Tiotential of
Kusum oil is around 66, 000 tonnes per year indndut of which 4 000 to 5 000 tonnes are collecliei$ a medium to
large sized, evergreen, dense tree growing to 3B tieet in height. It mainly occurs in sub-Himaaytracts in the north
and central parts of eastern India. The flowersedmm February to April and yields fruit in JunedaJuly. The one or
two almost round seeds some 1.5 cm in diametemaighing between 0.5 and 1.0 g. The weight of 188€ds is 500-
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700 g. Kusum seeds collected from tribal peoplegadfhandi district of odisha(India) were crushadai mechanical
expeller in the laboratory to extract Kusum @&@tHfleicheraoleosa) for present study. Figure 1 shows Kusum treeibgar

fruits.

Figure 1: Kusum Tree Bearing Fruits

FFA composition shows 16 components such as Myriatid, Palmitic acid, Palmitoleic acid, Oleic gcid
Linoleidic acid, Cis Linoleic acid, alpha-Linolen&id, Eicosenoic acid, Eicosadienoic acid, Herszinoic acid, Behenic
acid, Erucic acid, Lignoceric acid and Docosahegaemcid [4]. Alkaline-catalyzed esterification pass could not
produce biodiesel from high FFA oils from seedsKofum. A two-step esterification method is devetbpe produce
biodiesel from Kusum, a high FFA non-edible vegkatil. The acid-catalyzed pre-treatment processices the high
FFA content of the crude oil to about 2% FFA. Ioa® stage, oil is transesterified using alkaliagalyst. The fatty acid
composition was investigated by GC/MS after mettigta The flash point of biodiesel is higher théwatt of diesel but
viscosity and density are found to be close to tifatliesel. The performance of the biodiesel carinygroved if the

concentration of esters in biodiesel is lower.

Although, during the last decade ethanol and bsmlibecame the best known liquid bio fuels, numesiudies
[5, 6] examine different chemical structures assfie bio-fuels and record their pros and conss lvell known that
biodiesel is non-toxic, contains no aromatics, higder biodegradability than fossil diesel, is lgsdlutant to water and
soil and does not contain sulphur [7, 8]. It owa$es handling in the neat form and shows reduced and dermal
toxicity, mutagenic and carcinogenic compoundss the most suitable fuel in environmentally saéwmsiareas (national
parks, lakes, rivers) or in confined areas whergrenmental conditions and worker protection musteirhigh standards
(underground mines, quarries) [9-11]. The main athge of the use of KOME (biodiesel) is independailability of
raw material used for its production, the addittdrKOME in traditional marine diesel fuel [12], imgves the emissions
of PM [13] which comprise a serious disadvantagthefdiesel engine, especially in polluted ardes the Mediterranean
Sea. However the low temperature operability of KOM absolute mode is still imperative. Ethanahigood depressant
of viscosity, flash point, pour point and cloud miThis paper focuses on optimising the blendiagcentage of KOME
with ethanol to study its effect on engine perfoncgand emissions.

BOOST TO PRESENT STUDY

Marine diesel engine manufacturers in the UniteteSt Europe and Japan have all recognized theirggaale

of biodiesel as a viable fuel component, and introases, as a fully alternative fuel (100%) [18& first research was by
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Novak and Kraus [15] dates from the early 1970dimaegradability and toxicity of biodiesel in agigagnvironments.
Since then, profuse researches have been follopedfter studying the biodegradability of severalds of biodiesel and
their comparison with commercial diesel and theiends, Zhang ET. al. [16] concluded that biodieiseleasily
biodegradable in aquatic environments and has lzehilgiodegradability than commercial diesel. Radeaerformed by
Cytoculture revealed that 37% of the vessels swdeghose to use biodiesel for environmental reas88%o for
mechanical reasons (normally related to betteridating properties of biodiesel), while 33% bashdirt decision on
subjective reasons, such as safety upon direcacbnith the skin and lower smoke level. Von Welddl] also studied
biodiesel toxicity in humans. In the aforesaid eomtthe present study drives the authors to findtbe feasibility of
KOME as an absolute fuel in marine engines. Howsdkerimperative low temperature operability is gmemacy of

present research work.

CHEMISTRY OF PREPARATION (KOME)

Removal of Gums and Alkaloids

The crude Kusum oil was centrifuged at 9500 rpra REMI Model-24 centrifuge machine and the supamtat
oil was collected free from heavy contaminatespGnethanolic HPQ, solution (12% v/v) was homogenized with 100
ml crude oil and allowed to stand for overnight.xNday, the oil was separated from methanol layet precipitated
compounds are filtered through silica gel (60—12&m under suction. The filtrate, consisted of meth and phosphoric
acid, could be recycled three times for degummingun oil. This makes the process economically maable. After
degumming, oil was kept overnight with 0.1% aquesosdium hydroxide solution. Next day, aqueous partivas
discarded and oil was washed twice with water toanee residual alkali. Then oil was heated on bgilivater for 1 hour
and then passed through warmed (warmed at’C0i an oven before use) anhydrous,$@; to remove moisture from
oil. Resultant oil was stored as refined alkalaikef Kusum oil (RKO). After the whole process, 98%the crude kusum
0il(CKO) was converted to RKO.

Two Step Esterification

For esterification, degummed and alkaloid free(BRKO) was mixed with sulphuric acid and methanothe
proportion of 50:10:1 (oil : CEOH : H,SO,, v/v/v) and stirred in a magnetic stirrer (5 kitpacity) at 900 rpm at 6% for
3 hours. After completion of esterification processo layers were separated within 30 min. The ioveser was
discarded and followed by neutralization with meibilac caustic soda solution and methanol was raeav&om oil. The
neutral oil was then mixed with sodium hydroxidel anethanol in a ratio of 50:10:0.2 (oil : methanalkali) and stirred
well mechanically at 900 rpm for 4 hours at 5. After transesterification, oil was separatednfriower layer by
separating funnel and washed with hot water thoe@ve times to remove impurities, and resultaainsesterified oil
(TEO) was stored for further analysis. After twegstransesterification, 92% of the RKO was conweketteTEO.

PROPERTIES PRONE TO COMBUSTION (KOME)

SN and IV of oils were either noted from the liter@ or calculated from reported fatty acid metbgter

compositions of oil with the help of Egs (1) andl, (2spectively [17].

N =>"(560x A )/MW, (1)
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IV =3 (254xDx A )/ MW, v)

where A is the percentage concentration of fatty acid camepts present in KOMEs of oil, D is the number of

double bonds aniliW, is the molecular mass of each component.CN of FAME&S calculated from Eq. (3) [18].

5458

CN = 463+ ~(0225%1V) 3)
Table 1
. . Kusum KOME ASTM DIN

Properties Diesel oil KOME | KOME E20 E10D10 | D6751-02 | EN14214
Density 840 860 | 850-83D 845-840 848-842  875-900 -WBD
Calorific 43 35 38.863 38.91 38.83 40 min 49 mak
value(Mj/Kg)
Cetane number 45 40 42-48 43-48 43-48 e
Kinematic
Viscocity @ 46 2.44 40.36 6 35 3.7 1.9-6 | 3.5-5.0
C (Cst)
Flash point {C) 70 225 196 94 102 >130 >120
Fire point fC) 76 230 200 98 107 | - | e

. Summer=4| Summer=6

Cloud point ?C) -10 to -15 26 18 8 8.9 Winter= -1 | Winter=1
Pour point{C) | -35to -15 20 14 -4 B | e | e
Saponlﬂcatlon _____ 190 130 120 122 _____________
number
lodine value |  --—--- 64 57.9 55.3 55.8

The table 1 shows most of the properties of KOM& @mparable to petroleum based diesel fuel; imgr@nt
of its cold flow characteristic still remains onktbe major challenges while using KOME as an altsoluel for marine
diesel engines. In present work, Ethanol is ch@sea cold flow improver since it has a very lowidibfing temperature
of the order of 1114°C and is highly soluble in KOME. Properties of etbhlike density and viscosity match well with
that of KOME. Effects of ethanol-diesel blendeddisel (KOME, KOME E10, KOME E20, and KOME E10 DMgre
studied for engine performance evaluation and eanis&KOME E20 shows better cold flow propertiedaw temperature

region as depicted in Figure. 2.
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Figure 2: Variation of Kinematic Viscosity of Ethanol Blended KOME in Low Temperature Region

The low temperature operability of KOME and itsrae with ethanol and ethanol-diesel blend wereedmwut
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following the ASTM standards D-2500, D-97 procedumespectively. Four concentrations of ethanol KOME blends,
i.e. 5%, 10%, 15% and 20%, and KOME E10 D10 westetkfor cold flow studies. The graph in figureepitted better
cold flow properties of KOME E20 in low temperatugegion.
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Figure 3: Effect of Ethanol and Diesel on Cold FlowProperties of KOME
ENGINE SETUP

A four stroke, water cooled and single cylinderiaagoupled with edicurrent dynamometer was usegresent
study as shown in Figure. 4. The engine was comigatewith engine soft (software) to measure thgirenperformance
parameters. AVL gas analyser was employed to f@eekhaust emissions such as carbon dioxide, hardyon, carbon
monoxide, oxygen, and nitrous oxides. Performamceeanission parameters were noted for KOME, KOMB,EKIOME
E20, KOME E10 D10 and petroleum diesel. The refegestudy was based on petrolium diesel to interfmetdata for
comparison. The test was conducted at 1500 rpmwaiting loads. Table 2 shows the engine specitioati

Table 2: Engine Specification

Engine Kirloskar TV1
General details 4 stroke CI water cooled singléndgr computerised
Bore x Stroke 87.5 mm x 110 mm
Compression ratiog 17.5:1 (varing from 16:1 t01}8
Displacement 661 cc
Power 3.5 kw
RPM 1500

Figure 4: Variable Compression Ratio Test Rig

ENGINE PERFORMANCE ANALYSIS
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Brake Power

Figure 5 depicts brake power of KOMEEZ20 stands lsighsequent to petroleum diesel with increasing loa
the engine. KOME shows inferior values subsequet{®@MEE20, KOMEE10D10 and KOME10 due to high vistgs
flash or fire point and low calorific value, thahat of commercial diesel with a power loss close&s%. However
KOMEE20 shows a power loss of 2% with improved l@mperature operability, comparable viscosity, Gitovalue
and flashpoint to commercial diesel. Research séydiesel is easily biodegradable in aquatic emvitents and has a
higher biodegradability than commercial diesel [1%) ethanol blend up to 20% can be recommendethéoine diesel

engines without any modification or adulteration.

25 4
e 2 b
=
= 1.5 - i —¢—Petrolium diesel
= ~m-KOMEE20
v 1 KOME E10D10
E os ——KOME 10
' ——KOME
ok | | |
6] 1 2 3 4 5 6 7

Load (kg)

Figure 5: Variation of Brake Power with Load

Brake Mean Effective Pressure

Figure 6 reveals the BMEP of KOME budges below eghbent to commercial diesel, KOMEE20,
KOMEE10D10 and KOMEZ10 with increasing load on timgiee. This is attributed to high viscosity, flgstint and low
calorific value. A pressure loss nearly equal to #Y@btained at the highest load of 7 kg perforngdthe engine.
However KOMEE20 shows a pressure loss of 1% atstrmae load with improved cold flow properties, conajde
viscosity, flash point and calorific value to conmaial diesel. Favourably research says biodiesehssly biodegradable
in agquatic environments and has a higher biodegiktyathan commercial diesel [16]. So ethanol ldamp to 20% can be

recommended for marine diesel engines without neatibn or adulteration.

E ——Petrclium diesel

& —=—KOMEE20

5 KOME 10D10
——KOME10
==K OME

Load (kg)

Figure 6: Variation of BMEP with Load
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Brake Thermal Efficiency
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Figure 7: Variation of Brake Thermal Efficiency with Load

Figure 7 depicts KOMEE20 push over the thermalcifficies of KOMEE10D10, KOMEE10 and KOME
subsequent to commercial diesel with increase ad lon the engine. KOMEEZ20 shows a thermal effigidnss near to
2%. This may be attributed to a blend concentratioethanol up to 20% which is a low cost depressapoor cold flow
properties, viscosity, and flash or fire point. Mover research says biodiesel is easily biodegladiab aquatic
environments and has a higher biodegradability ttanmercial diesel [16].Hence KOMEEZ20 can be recemsed as an

absolute fuel for marine diesel engines without anogification or adulteration.
Specific Fuel Consumption

With increase in load, the fuel consumption pert yower generation decreases which is a desiretheng
performance. Figure8 depicts KOMEE20 push over K@&#&D10, KOMEE10 and KOME subsequent to commercial
diesel which may be attributed to a blend concéntmaof ethanol up to 20%, a low cost depressanpaafr cold flow
properties, viscosity and flash or fire point. Maver research says biodiesel is easily biodegradabl aquatic
environments and has a higher biodegradability ttanmercial diesel [16]. Hence KOMEE20 can be rev@mded as an

absolute fuel for marine diesel engines without anogification or adulteration.
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Figure 8: Variation of Brake Thermal Efficiency with Load
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ENGINE EMISSION ANALYSIS
Emission Analysis of KOMEE20

Petroleum Diesel(C.R18:1) KOMEE20(C.R18:1)
0.32%\ 40ppm

0.10%_\ 18ppm 2.60%

3.14%

17.09%

15.34%mCO
BHC
=C02
u02

ENOx

uCO
mHC
uCco2
=02
ENOx

Figure 9: Emission Comparison between Petroleum Déel and KOMEE20

Figure 9 depicts the emission comparison betweenolpem diesel and KOMEE20. The combustion of
KOMEEZ20 exhibits emissions of CO and £@ess in comparison to petroleum diesel. Hazardomurnt hydrocarbon
and nitrous oxide is also less than that of petiroleliesel. Free oxygen release is 2% more tharofhaetroleum diesel
which indicates a proximal combustion to petrolediasel with fewer emissions nevertheless negligitdever loss.
However research says the hazardous emissions @ biodegradable in aquatic environments tharnofgetm diesel
[16]. Hence KOMEE20 can be recommended as an enwigatal friendly absolute fuel in marine dieseliaeg without
any modification or adulteration.

Emission Analysis of KOMEE10D10

Petroleum Diesel(C.R18:1) KOMEE10D10(C.R18:1)
0.32% 40ppm

0.07%

\ Oppm 30,

3.14%

16.54%

1534% mCO
mHC
=Co2
=02

ENOx

HCO
BHC
uCo2
Q2
=NOx

Figure 10: Emission Comparison between Petroleum Bsel and KOMEE10D10

Figure 10 depicts the emission comparison betweetmolpum diesel and KOMEE10D10. Combustion of
COMEE10D10 reveals emissions of CO and,d€ss in comparison to petroleum diesel. Hazardmbsirnt hydrocarbon
and nitrous oxide is also less than that of petiroleliesel. Free oxygen release is 2% more thanofhagtroleum diesel
indicates a proximal combustion to petroleum diegitgh fewer emissions nevertheless negligible poless. However
KOMEE10D10 owes poorer cold flow properties, higtiscosity, and higher flash point than that ofrpletum diesel and
KOMEE?20 attributing a combustion durability problentogging of fuel filter in long run. Preheating to 60°C may
mitigate the problem. Hence KOMEE10D10 is the lzdsolute fuel next to petroleum diesel and KOME&R2énarine
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diesel engines without any modification or adultiera as hazardous emissions are more biodegradabbguatic

environments than petroleum diesel [16].

Emission Analysis of KOMEE10

Petroleum Diesel(C.R18:1) KOMEEL0(C.R18:1)
0.32% 40ppm

0.07% 17pPm

3.14%

3%

16.54%
ECO

BHC
co2

=02

=ENOx

1534% ECO

Figure 11: Emission Comparison between Petroleum Bsel and KOMEE10

Figure 11 depicts the emission comparison betwetmolpum diesel and KOMEE10. Combustion of KOMEE10
reveals emissions of CO and g@ss than that of petroleum diesel. Hazardousiumithydrocarbon and nitrous oxide is
also less than that of petroleum diesel. Free axygéase is nearly 2% more than that of petroldigsel indicates a
proximal combustion to petroleum diesel with feveenissions. However KOMEE10 owes poorer cold flowparties,
higher viscosity, and flash point than that of pktum diesel, KOMEE20, KOMEE10D10 attributing tac@mbustion
durability problem, clogging of fuel filter in longun. Preheating up to 108C may mitigate the problem. Hence
KOMEEZ10 is the best absolute fuel next to petrolaliesel, KOMEE20, KOMEE10D10 in marine diesel erginwith a

little modification in engine hardware facilitatipgeheating up to 10iT.

Emission Analysis of KOME

Petroleum Diesel(C.R18:1) KOME(C.R18:1)
032% 40ppm 0.18%_} Sppm

40%
17.56%

3.14%
1534% mCO
=HC
co2
u02
ENOx

=CO
mHC
co2
m02
ENOx

Figure 12: Emission Comparison between Petroleum Bsel and KOME

Figure 12 depicts the emission comparison betwegmleum diesel and KOME. Combustion of KOME regeal
emissions of CO and GQless than that of petroleum diesel. Hazardousiuntthydrocarbon and nitrous oxide is also less
than that of petroleum diesel. Free oxygen reléasearly 2% more than that of petroleum dieselcaigs a proximal
combustion to petroleum diesel with fewer emissidtmvever KOME owes poorer cold flow propertiegHter viscosity,
and flash point than that of petroleum diesel, KB, KOMEE10D10 and KOMEEL0, attribute to a comimunst
durability problem, clogging of fuel filter in longin. Preheating up to 1@ may mitigate the problem. Hence KOME is
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the best absolute fuel next to petroleum dieselME&B20, KOMEE10D10 in marine diesel engines withittel

modification in engine hardware facilitating pretieg up to 100°C.

CONCLUSIONS

This study experimentally analyzed the remissiopadr cold flow performances, viscosity, flash dine points

by blending with ethanol and petroleum diesel. Btthaup to 20% concentration in KOME proved to be thest

depressant of combustion problems. Engine perfocesand exhaust emissions of KOME, KOMEE10, KOMHEN®

and KOMEE20 and petroleum diesel inferred KOMEEQ®¢ the best absolute fuel next to petroleum Hiasmarine

diesel engines, compensating 80% of total dieselbestion. Hazardous emissions are more biodegradabhquatic

environment. So KOMEE20 can be recommended for maadiesel engines without any engine modificatian o

adulteration.
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