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Abstract

Due to limited availability of crude oil, many countries across the world are moving towards alternative fuels derived from
renewable sources and bio-fuels produced usingfats derived from vegetables, plants, land and aquatic animals. In addition
to supplying energy for transportation system, these fuels also help in reducing the pollution. In order to reduce the demand
and dependency of crude oil, bio-fuels are the best alternative for petroleum. The main aim of this paper is to provide
researchers, chemical engineers, pollution policy makers and lastly automobile industry considerable information related to
the AmooraRohitukaseed based bio-fuel. Towards this end, the paper discusses fuel removing techniques and bio-fuel
production methods. Also, the performance and exhaust characteristics of Amoora Rohituka Methyl Esters (ARME) blends
with diesel in VCR CRDI engine for different loads are discussed towards the end. Akin to the findings of many researchers,
this article too finds that the biofuel emits lesser pollutants as compared to fossil fuel and that Amoora Rohituka bio-fuels
are the best alternate fuel blends for C I engine to overcome dependency on fossil fuels as well as to overcome environmental
issues.

Keywords: Amoora Rohituka seeds: Transesterification; Amoora Rohituka methyl ester; Biodiesel; CI engine.

Abbreviations:

VCR- variable compression ratio

CRDI-common rail direct injection

Cl-compression ignition

ARO- Amoora Rohituka oil

ARME- Amoora Rohituka methyl ester

ARME 5%+D95% Amoora Rohituka Biodiesel 5% +Diesel 95%
ARME 10%+D90%- Amoora Rohituka Biodiesel 10% +Diesel 90%
ARME 15%+D85%- Amoora Rohituka Biodiesel 15% +Diesel 85%
ARME 20%+D80%- Amoora Rohituka Biodiesel 20% +Diesel 80%
HC-Hydrocarbon

CO-Carbon Monoxide

NO-Nitrous oxide

02-Oxygen

ARO-Amoora Rohituka oil
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1. INTRODUCTION

Owing to its high widespread availability, thermal efficiency, robust construction andreliability,Automobile
sector normally uses engines powered by diesel fossil fuel. In addition to the automobile sector, power
generation, agricultural forms, and construction fields are also major end users of diesel engine and fossil diesel
fuel. However, production of soot or particulate matter which contains unburned hydrocarbon, carbon (carbon
monoxide and carbon dioxide), small amount of metallic residues and NOx emissions due to lack of complete
combustion which cause ozone depletion, global warming, photochemical smog, acidification, deforestation
and also dangerous to human beings and animals[1-5]. The conditions like availability/supply, cost of crude oil
in terms of foreign exchange and to conquer the effects of fossil fuel on our globe are obviously perceptible to
find out the alternate fuels [6-7]. Presently, more importance is being given to alternate fuels due to their cost-
effectiveness and eco-friendly nature. These alternate fuels are derived from various food crops and edible oils
(1"generation), energy crops/plant seeds or non-edible oils (2nd generation), micro-algae and electricity (3rd and
4th generation) [8-10].First generation bio-fuels directly compete with food supply system and also require large
quantity of water to cultivate. To overcome these disadvantages, researchers are trying to find out alternative
sources for first generation biofuel [13-14]. The use of non-edible seed oils, micro-algae, animal fats have not
only decreased the fuel price but also resulted in improved performance and lower exhausts compared to diesel
fuel [15]. In addition to these, non-edible oils are readily available, biodegradable, renewable, and fragrant and
contain lesser sulfur content. Whereas elevated viscosity, lower volatility and unsaturated fatty acid chain
reactivity are some disadvantages [15-16]. Currently, the entire world is moving towards electricity or battery
vehicles from both SI and CI engine operated vehicles. The main intention of this changeover is to reduce or
eliminate harmful emissions from IC engines. But mineral oil, coal and natural gas are the foremost resources
to produce 64% electricity of the world, and this leads to comparatively more emissions than conventional
engines. Along with this, since a typical natural raw material is used to manufacture Li-ion batteries, raw material
cost, manufacturing cost, disposal of battery after use, user acceptance, charging units and mainly safety are
other challenges related to possible changeover from internal combustion engine to electric vehicle [17]. Quicker
development, high oil percentage and growth in all-weather circumstances are some advantages of algae.
Conversely, to grow the algae, a large amount of water, carbon dioxide, reactors and distillation units are needed.
In addition to these, oil withdrawal from algae demands hefty energy and financial resources [22].Some
researchers focused on use of waste cooking oil as bio-diesel in diesel engines. [8-10]. However, alternate fuels
are not newer ones, Dr. Rudolph Diesel, who discovered the diesel engine, used peanut based edible oil as a
substitute for diesel for the CI engine at the World Fair, Paris in1900 [11,12]. Also, the process of
transesterification was discovered by G. Chavanne in the year 1937 at the University of Brussels, Belgium and
patented his journal "Procedure for the transformation of vegetable oils for their uses as Fuels"[18].Second
generation biofuel possesses many advantages. These bio-fuels are obtained from seeds of trees/plants
containing 30 to 50% oils. Cultivation of trees increases the oxygen content in the environment, prevents soil
erosion, and overcomes deforestation shown in Fig. 1. Plant seeds are most suitable for the production of biofuel
in every 75 plants in environment [15].

Fig.1 Benefits of 2™ generation biofuel feedstock
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Aman et al.[18] conducted an experiment to know the effect of spirulina biodiesel blends on performance
characteristics of diesel engine. The load on the engine varied from 25% to 100% at intervals of 25%, with
speed being kept constant. Attained energy and exergy efficiency of 33.55% and 31.48% for diesel and for
spirulina biodiesel blends (20, 80 and 100%) at 100% load were between 31.89 - 33.02% and 29.5-30.77%,
correspondingly. Also emission of CO2 and NOx were lessening by 8.74% and 28.09% for spirulina biodiesel
(100%) at all loading conditions. Varun Goel et al. [19] prepared biodiesel from non-edible feedstock Jasminum
officinale flowers and examined performance parameter for different Jasminum officinale blends (25, 50, 75
and 100%). They got increased fuel consumption and reduced BTE for all tested fuel blends under all loading
conditions. In addition, CO and HC emissions were slightly lesser than neat diesel fuel. However, NOx
emissions were higher than diesel fuel for all tested fuels. Similar results were obtained byPriyankesh Kumar et
al. [20] for lemon grass biodiesel for different blends. S. Pitchaiah et al. [21] derived biodiesel from Bael fruit
seed, used up to 20% blend with diesel fuel in DI CI engine at a constant speed of 1500 rpm and four different
loads. They found that at 25% load, fuel consumption was 0.933045 kg/kwhr and 0.862 kg/kW hr for B20D80
fuel and neat diesel respectively. In addition, BTE of Bael biodiesel blends does not reach the expected level as
that of diesel fuel. Addisu Frinjo Emma et al.[22] synthesized biodiesel from coffee husk, prepared various
blends of Coffee husk oil methyl ester (B-10, B-20, B-30, B-40, B-50, B-80) with diesel fuel and investigated the
performance, combustion and emission characteristics of a naturally aspirated, water-cooled, vertical cylinder,
D I Kirloskar TV1 diesel engine. In their study they obtained BTE for B-10, 20 and 30% are 29.1%, 29% and
28.4% correspondingly; values that were nearer to that of neat diesel fuel (29.7%) at full load. But BTE of B-
40, B-50 and B-80 are lesser than other blends and neat diesel fuel. Furthermore, fuel consumption of all blends
showed that increasing rate than the diesel. Similar results were obtained by S.B Arun et al. [23] for Bombax
ceiba methyl ester blends. Additionally, exhausts such as CO and HC were comparatively lesser and NOx was
more than that of diesel fuel at all load. Rajayokkiam Manimaran et al. [24] reported that they have produced
methyl ester from bio-waste of Trichosanthescucumerina seed, and blended it with diesel. The prepared blends
such as TCSB20, TCSB40, TCSB60 and TCSB100 exhibit slightly effective performance in diesel engine and
all tested blends showed lesser CO and HC emissions related to fossil diesel fuel. A. Saravanan et al. [25] carried
out an experiment in variable compression ratio diesel engine (VCRDE) for different loading conditions at a
constant speed of 1500rpm with a blend of Rapeseed biodiesel andMahua biodiesel called RM (Rapeseed and
Mahua in equal volume). They achieved slightly lesser thermal efficiency than diesel fuel but the emissions such
as CO, HC and smoke were 20.66%, 8.56% and 6.9% lesser than diesel fuel at full load condition.

Ankur Nalgundwaret al. [26] conducted an experiment in a single cylinder DI diesel engine at different loads
by using blends of palm and jatropha biodiesel in the ratio of 10% (5%+5%), 20% (10%+10%) and 30%
(15%+15%) with diesel. The brake power of B10 increased with 4.65% compared to neat diesel fuel and CO
emissions for B10, B20 and B30 were 7.1%, 17.7% and 14.5% lesser than the diesel fuel: but NOx emissions
were slightly more for B10 and B20 when compared to diesel fuel. Mohamed Khalaf et al. [27] used a single
cylinder four stroke,4.5 kW diesel engine to analyze the performance and emission characteristics of Jatropha
and Castor biodiesel (B20) and achieveddecreased CO and CO2 exhausts of 10% and 22% respectively, but
raised NO emissions up to 8 % as compared to diesel. Surya Dharma et al. [28] derived a biodiesel from two
different feedstocks namely Jatropha Curcas and Ceiba Pentandra oil (50-50 volume), chemically converted into
biodiesel. They used B10, B20, B30, B40 and B50 of JC biodiesel in a single-cylinder direct injection diesel
engine and achieved closer engine performance (B10) and reduced CO2 emissions as well as smoke opacity, but
noted increased NO and CO emissions compared to diesel fuel. Akshay Jain et al. [29] prepared a biodiesel
from 50% Water Hyacinth Biodiesel and 50% Mesua Ferrea Biodiesel as a main blend. In addition to this,
Hydrogen was used to boost the combustion phenomena in a modified single cylinder CI engine to run for
WHMEF biodiesel with hydrogen. Addition of hydrogen to the blend increases the thermal efficiency but for
blend it was lesser than diesel fuel. CO and HC emissions of blend with hydrogen and blend without hydrogen
were less than that of diesel fuel.
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AphanamixisPolystachya (Wall.) R. Parker tree, commonly known as Amoora Rohituka, Mullu Muthala,
Rohithaca, and Harin Hara is actually native to tropical China. They are also found in Bhutan, Malaysia, Sri
Lanka, Myanmar, Papua, Thailand, Indonesia, Philippines New Guinea and India. In India, the trees are
distributed in Andhra Pradesh, Odisha, Kerala, Tamil Nadu and Karnataka (Chikkamagaluru, Mysuru, Udupi,
Uttara Kannada and Hassan).The flowering is alar or terminal raceme and are longer than leaves. Every
inflorescence contains around 35-50 fruits, each fruit contains pearl shaped seeds (0.9 - 1.27cm in diameter)
and weighs about 0.7 to 0.9g. Every tree produces almost 8-10 kg seeds per year [30]. The percentage of oil
content in Amoora Rohituka seeds is 42.85.

2. MATERIALS AND METHODOLOGY

2.1 Materials

Amoora Rohituka seeds were collected from Smt. L. V. Government Polytechnic campus and Biofuel Park,
Hassan. These seeds were sun-dried separately for about 4 days to eliminate the moisture content present in it.
Chemicals such as Hydrogen sulfate (H2SO4), Methyl alcohol (CH3OH), Lye (NaOH) and
Phenolphthaleinwere collected and used for chemical conversion process in Biofuel Park, Madenur, Hassan,
Karnataka.

2.2 Extraction of Qil and its physico-chemical properties

Once the seeds were ready, a mechanical expeller was used to extract the oil from AmooraRohituka seeds. This
process was conducted at biofuel Park, Madenur, Karnataka, India. The quantity of oil content can be calculated

from the Eq. (1).

Pure oil obtained

: o) — GO OPRIICT o0 -
0il extracted(%) Seods used to crush X100 (D

Nearly 4.0 kg pure oil from 10 kg of Amoora Rohituka seeds were obtained. The physico-chemical properties
like viscosity, density, flash and heating valuesof the extracted oils (ARO), AR methyl ester’s, diesel, diesel with
5%, 10%, 15% and 20% were evaluated as per ASTM standards in Adi Chunchanagiri University, BGS Negara,
Mandya, Karnataka.

2.3 Production technique of AR Biodiesel

In the current study, free fatty acid (FFA) of AR oil was calculated as per the technique stated in the literature
[66]. The FFA content of ARO was 3.5%. Therefore, ARO required acid (esterification) followed by base catalyst
(transesterification) chemical treatment. This chemical conversion process was carried out in biofuel park,
Madenur, Hassan, Karnataka, India.

_ 28.2 X Normality of NaoH X Titration value

A=m—m——m —m ¥ @M ¥ M MM ¥ — — — — — 2
Weight of the oil (2)

2.3.1 Esterification technique (Phase I): Measured quantity of ARO was taken in a 500ml flat bottomed three
necked flaskfitted with a condenser at its centre neck. Based on the ARO quantity, chemical combination such
as 15% methanol and 0.5% sulfuric acid was added. Themixture was then heated at 65°C for about 60 min at
a constant speed of 600rpm. Once the process was completed, the entire mixture was transferred into a funnel
to separate excess methanol and sulfuric acid. It was observed that methanol and sulfuric acid had settled in
the upper layer, andesterified oil settled at the lower layer. This esterified oil was collected in a container and
used for transesterification technique (phase II). The FFA content of collected esterified oil was again checked

and obtained 0.9% (w/w). The yield of esterified oil was achieved 91.50%, determined through Eq. (3).

) Initial FFA — Final FFA
Yield (%) = Inital FFA X100 — — — — — 3)
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2.3.2 Trans-esterification technique (Phase 1 I):

Subsequent to Esterification technique, the measured quantity of esterified oil was used as a key matter in
transesterification process. The esterified AR oil was combined with a measured quantity of methanol and base
catalyst NaOH in a three necked flat bottomed flask used in the esterification phase apparatus. The reaction
was carried for about lhr, reaction temperature was maintained as 65 C at a speed of 600rpm. To receive the
AR methyl ester, the mixture was permitted to settle at least 12hours in a separating funnel to make separation
of methyl-ester at the top layer and the glycerol at the bottom layer. The obtained AR methyl ester was again
heated to remove excess methanol present in it. Biodiesel was washed with hot water to remove the traces of

methanol and catalyst. The yield of AR biodiesel was achieved 85% determined through Eq. (4).
MCARME yield(%) = Achieved quantity of MCARME 4
yieidn) = Used Quantity of esterified MCARO )

2.4 Physical, chemical properties of ARME

The applicability of derived in CI engine is based on its physico-chemical properties, evaluated as per ASTM
(American Society for Testing and Materials) standards. Usually density, kinematic viscosity, heating value, and
flash point are the significant properties of bio-fuel and its blends. These properties have significant function in
estimating the performance of CI engine [23], as tabulated in table no (1).

Table.1. Physical and chemical properties of AR bio-diesel

Properties Diesel ARME ARME 5 10 15 20
Density 835.9 865 880.1 837.5 |838.5 |840.8 |843.8
Viscosity 2.475 4.66 4.69 2.39 2.55 2.65 2.84
Calorific Value 45.6 38.2 39.5 44.8 43.9 44.6 44.4
Cetane number 48 54 Nd Nd Nd Nd Nd
Flash point 475 155 121.5 48 48.5 49.5 48.5

2.5 Experimental Diesel engine test rig:

The experiments were conducted using aKirloskar 4-stroke, single cylinder water cooled CRDI VCR engine
with a compression ratio of 17.5:1 at 1500 rpm. Fig. 2 and 3 represent the actual and line diagram of the engine
test rig with gasanalyzer. The engine specifications are tabulated in Table 2. The pollutants from experimental
diesel engine like Hydro-Carbon (HC), Carbon oxide (CO), and oxides of nitrogen (NOx) were calculated using
AVL 5 gas analyzer. The experiments were conducted by changing the loads such as 0%, 25%, 50%, and 75%
and100% at a constant speed. Initially, the engine was run with diesel to achieve constant operational condition.
Once the engine reached the stable condition, blends of and diesel were used to record the outcome of engine.
The experimentation was carried out without modification of engine with pure diesel, diesel with 5% (B5), 10%

(B10), 15% (B15) and 20% (B20).

R Bt -

—
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e R _—
.

N - |

Fig.2. Schematic illustration of the investigational engine setup with gas analyzer
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Fig.3. Investigational engine setup with gas analyzer
Table.2. Engine specification utilized in the present study

Type of the engine CRDI VCR Single cylinder four stroke water cooled
Stroke and bore 110 mm and 87.5mm
Power 3.5kw
Speed 1500rpm
Compression ratio 12-18
Dynamometer Eddy current, water cooled with loading unit
ECU Nira i7r
3. RESULTS

3.1 Brake thermal efficiency (Br):

The amount of chemical energy present in fuel (heat) is extracted as work is brake thermal efficiency. The
combustion quality of any fuel can be measured from Brake thermal efficiency. Figure. 4 illustrates the By, for
diesel and different biodiesel blends. From the figure.1, it can be seen that BTh for BO, ARME5, ARMEIO,
ARMEI15 and ARME20 is at 100% load are 31.6%, 29.5%, 28.7%,25.9% and 25.3% respectively. The
reduction in brake thermal efficiency in biodiesel blends as observed from figure.1 is due to its lower heating
value and higher viscosity. These parameters lead to poor atomization and vaporization hence achieve reduced
combustion phenomena. Brake thermal efficiency for ARMES5 is nearer to that of diesel fuel matched with
ARME10, ARME15 and ARME20. This result is similar to the research performed by Yuvarajan Devarajan et.al
[31]. using Sterculia foetidabiodiesel blends in a four-stroke single-cylinder diesel engine.

N =0
- = ARMEQS
E AREMETD
25 - B A RME 15
B AR MME20

15 -

BTE(%)

=1 [ =] B2« B 1 0=0
LAy ()
Fig.4.Variation in BTE with different loading condition.
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3.2 Brake specific fuel consumption (Bsfc)

Figure.5 illustrates the brake specific fuel consumption versus load of diesel and different biodiesel blends with
different loads. As the load increases, BSFC of BO, ARMES5, ARME10, ARME15 and ARME20 reduces, it is
due to presence of air in the combustion chamber. However, BSFC of ARME5, ARME10, ARME15 and
ARME20 are more than the BO. Due to the presence of additional oxygen content in the biodiesel and lower
heating values, high viscosity and density. Usually at higher loads all fuel shows the smaller BSFC because of
increased combustion efficiency and in-cylinder pressure. Form the figure it is observed that BSFC at 100% load

for BO, ARMES5, ARME10, ARME15 and ARME20 are, 0.19,0.24,0.26,0.29 and 0.30kg/kW-h respectively.

(I
I =0
o7 - . AR MES
N A RrAE 1D
0 6 = B o RaE1S
B AR AE2D
= 05 4
=
o 04 -
E 3 =
&
02 -
1 =
O 0

=5 =l 5 1D
LA ()

Fig.5.Variation in BSFC with different loading condition.

3.3 Exhaust emission characteristics:

Diesel engine exhausts are harmful to all living beings. Diesel engine exhausts are harmful to all living creatures
like human beings and animals. So it is important to determine the exhaust characteristics of BO, ARMES,
ARME10, ARME15 and ARME?20 to conclude whether diesel fuel emits more exhaust or biodiesel blends. In
the current research work carbon monoxide (CO), Un-burnt hydrocarbon(UBHC) and nitrous oxides(NOx)
were characterized for BO, ARME5, ARME10, ARME15 and ARME20 at 0%, 25%, 50%, 75% and100% load.
3.3.1 CO emissions

Figure.6 depicts the CO emissions for BO and different blends for different loads. From the figure it was clear
that the CO emissions for ARME5, ARME10, ARME15 and ARME20 were appreciably lesser than the BO.
The reduction in CO emission due to presence of additional oxygen content in the biodiesel blends which also
improves the atomization in combustion phase and does complete combustion. The CO emission were lesser

for ARME5, ARME10, ARME15 and ARME20 as matched with BO.

. =
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Fig.6.Variation in CO emission with different loading condition.
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Figure.7. illustrates the emission of NO for all tested fuels at 25% to 100% loads in an interval of 25% for 1500
rpm. From the figure it was observed that NO emissions for all the tested blends are higher than the neat diesel
fuel for all loading conditions. The main reason for higher NO emissions is the presence of extra oxygen in
biofuel and in-cylinder temperature, density of the ARME is higher than neat diesel fuel which injects the higher
quantity of fuel into the combustion chamber. The NO emissions at 100% load, for all blends are observed as
784ppm ,790 ppm,790 ppm and 810 ppm for ARMES5, ARME10, ARME15 and ARME20 respectively and 768
ppm for BO. The NOx emission for BO is lesser than all tested blends.
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Fig.7.Variation in NO emission with different loading condition.

3.3.3 HC emissions

Figure.8 describes the differences in unburned hydrocarbon emissions for all tested blends and diesel at
different loading conditions of constant engine speed. From the figure, decrease trend of HC emissions for all
the blends was observed as compared to BO. This reduction is due the lower heating value of blends than neat
diesel fuel which directs to boost the more biodiesel at similar loading conditions. In addition to this, presence
of extra oxygen in the biodiesel improves the combustion quality. At 100% loading condition, the emissions for
ARME5, ARME10, ARME15 and ARME20 are 54 ppm, 51 ppm, 48 ppm and 40 ppm respectively and 58 ppm
for BO.

so - | I B0
A RMES
1 | B ARME 10
so 4 | I ARME1S
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Fig.8.Variation in NO emission with different loading condition.
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4. CONCLUSION

In this study, AmooraRohituka seeds were effectively synthesized as AmooraRohituka methyl ester through a
homogeneous catalyst. The physical-chemical properties of synthesized methyl ester were evaluated as per ASTM
standards and compared with neat diesel. Additionally, performance and tail pipe emissions of neat diesel and
MCARME neat diesel blends were examined usingan unmodified 4-stroke 1-cylinder VCR CRDI diesel engine.
The results were compared with neat diesel fuel. The followingexperimentaloutcomeswerediscerned from the
present examination:

® Methyl ester was successfully converted from oil rich feed-stock: Amoora Rohituka seed, synthesized 800ml of

ARME from 1 liter ARO .

o Significantreduction in CO emission and HC emission from all blends was noted at all loading conditions.
The reduction in emissions will have a positive effect on atmosphere.

® The study also demonstrates a minor increase in NO emission due to presence of additional oxygen in MCAR
methyl ester.

o The presence of extra oxygen content and lower calorific value of MCAR methyl ester results in extra
consumption of biodiesel.

o In spite othaving lower BTE and increased BSFC, biodiesel has environmental advantages such as increase in
plantation area, raising the quantity and quality of oxygen in environment and provision of raw materials for
householduse.

o Addition of small quantity of biodiesel to diesel fuel in diesel engine will help reduce the import quantity of
crude oil, thereby benefitting a nation’s economy.
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