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ABSTRACT

Biodiesel has been emerging as a potential source for the replacement of conven-
tional diesel fuel. Non edible plant oil extracted from the seeds of Datura Stramo-
nium was used as the feedstock and synthesized into biodiesel by acid catalyzed
esterification and base catalyzed transesterification. Biodiesel blends of B00, B04,
B08, B12, B16, B20 and B24 were prepared. Additionally, 5additive. The prepared
blend range within the prescribed limits of American standard ASTM 6751. The fu-
els were used in Single cylinder Diesel engine with compression ratio (CR) 16.7:1.
Performance parameters like Brake Power (BP), Fuel consumption, Braking Torque
(BT), Brake specific fuel consumption (BSFC) and Heat Supplied were measured at
different loads. Exhaust parameters Hydrocarbons (HC), Carbon Monoxides (CO),
Carbon Dioxide (CO 2 ), Oxygen (O 2 ) and Nitrogen Oxides (NOx) were also mea-
sured. The vibration on the engine casing was also observed. B16 was observed to
be the optimum blend among the aforementioned blends. It shows significant reduc-
tion in the emissions of HC, HC, CO 2 and NOx without any drastic change in the
performance and vibration.

Keywords: Biodiesel, Datura Stramonium, Transesterification, Diethyl Ether,
B16.
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Chapter 1

INTRODUCTION

During the past decades worldwide petroleum consumption has permanently in-
creased due to growth of human population and industrialization, which has caused
depleting fossil fuel reserve and increasing petroleum prices. On the other hand,
combustion of fossil fuels contributes most to emission of greenhouses gases, which
leads to atmospheric pollution and global warming. The transport section is almost,,
depends upon petroleum fuels. The increase of number on the whole planet. There-
fore, at Present there is a great awareness in the diesel fuel substitution all over the
world with clean, renewable fuel such as biodiesel, which has lot of technical advan-
tages over a fossil fuel such as lower over all exhaust emission toxicity, biodegrad-
ability, derivation from renewable and domestic feedstock, negligible sulfur content,
superior flash point and higher combustion efficiency. Biodiesel could be used as a
pure fuel or as blend with diesel which is stable in all ratios. Biodiesel production is
expected to encourage employment and development in rural areas, to develop long
term replacement of fossil fuel, to reduce national dependency has a lot of advan-
tages in related to petro – diesel, the high price of its production is main barrier to its
commercial use. Biofuels are an important alternative for the current global demand
for energy. Biodiesel, bioethanol and biogas have been obtained from a variety of
organic materials, such as starch, oilseed, cellulose and animal fats. First generation
biofuels have shown some limitations related to the resources used in competition
with food applications. The conflict of using organic materials as either food or
the raw material for biodiesel production has motivated investigations on the use
of non-edible raw materials for producing biodiesel. Biodiesel is a renewable and
biodegradable fuel and also has higher oxygen content than has petroleum diesel.
in addition, the use of biodiesel results in a considerable reduction in the emission
of carbon dioxide, carbon monoxide, particulate matter polyaromatics, sulfur, hy-
drocarbons, smoke and noise. The main problem in the Biodiesel industry is the
avaibility of expensive, abundant, high quality of material. The cost of agricultural
input account for between 59This cost is one of the reasons why biodiesel produced
from food – grade oils is not yet economically competitive with petroleum based
diesel. In response to this problem,

The use of less valuable non-edible organic material or highly acidic waste
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

material has been gaining increasing importance. The raw material with greater
potential for biodiesel production in the future will be a number of by-products,
waste and organism that have not direct economic benefit for human. Producing
biodiesel from non-edible oil has great possibilities. Biodiesel can be used in diesel
engine without major modification.

1.1 PROBLEMS STATEMENT

Biodiesel has been accepted worldwide as an immediate solution to the heavy
depence on diesel fuel. However, the prolonged reliance on edible oils as feedstock
for biodiesel production has threatened the supply of edible oil to food industry
and raised some environmental problems such as serious destruction of vital soil
resources, deforestation and usage of much of the available arable land. Moreover,
in the last ten years the prices of vegetable oil plants have increased dramatically
which will affect the economic prices of biodiesel industry. Due to these factors, it is
crucial to find other alternative oil feedstock to substitute edible oil in the production
of biodiesel. Therefore, the main objective of this study is to synthesize biodiesel
from Datura Stramonium and compare with diesel.

1.2 OBJECTIVES

•To prepare Datura Stramonium oil from dry datura stamonium seeds.
• To produce different blends of biodiesel by transetrification process.
• Performance analysis of a C.I. engine using different blends of biodiesel.
• Analysis and comparison of the performance, emission and vibration parameters
of a C.I engine using both pure commercial diesel and prepared biodiesel.

Department of Mechanical Engineering, AIKTC, New Panvel, Navi Mumbai 2
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Chapter 2

LITERATURE SURVEY

2.1 Litty Koria and G.Nithya .et .al[1]

Biodiesel is a mixture of fatty acid alkyl esters obtained by the reaction of triglyc-
erides of vegetable or animal origin with alcohol in the presence of a catalyst. The
fatty acid profile influences the overall properties of the biodiesel. The properties
of individual fatty acid depend on the occurrence of double bonds, fatty acid chain
length and branching. Better understanding of the fatty acid composition and corre-
lating the fuel properties is of utmost importance in improving the optimal perfor-
mance. In the present study, Datura stramonium biodiesel is analyzed for its fatty
composition using Gas chromatography assisted with mass spectrometry. The influ-
ence of fatty acids of the fuel related properties is discussed

The study reveals that biodiesel samples with high monounsaturates mainly
methyl oleate can exhibit better fuel properties in terms of ignition quality, cloud
point and heating value. Engineering the fatty acid composition may offer a quality
biodiesel which is yet to be explored.

2.2 Supriya B. Chavan, Rajendra Rayappa Kumbhar, Ashutosh
Kumar, and Yogesh C. Sharma

This study explores the emission of different pollutants using different blends in
a variable compression ratio (VCR) engine. Biodiesel synthesized from Jatropha oil
using a heterogeneous catalyst was investigated for emission analysis on a single-
cylinder VCR engine with various blending ratios as well as load. Blends (biodiesel
+ diesel) of JB00, JB10, JB20, JB30, and JB100 were prepared at 40 C. The emission
parameters, such as nitrogen oxides (NOx), carbon monoxide (CO), and hydrocar-
bon (HC), were studied and compared to diesel fuel. Results showed that, among the
blends prepared from methyl ester of Jatropha, JB30 shows reduction in emissions
of CO and HC up to 43 and 50 percent , respectively, with an increment of NOx
emission up to 20 percent at the lowest load and compression ratio (CR) of 15. The
optimum parameter for the lowest pollutant emission for JB30 was found with a load
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

of 6 kg at CR of 15.
The experimental analysis suggests that HC and CO emissions decrease with an

increase in load and CR, whereas NOx emission increases with an increase in load
and CR. The optimum blend and CR was observed as JB30 and CR of 15, respec-
tively. The HC and CO emissions were decreased by 43 and 50 percent, respectively,
whereas NOx emission was increased by 20 percent at the lowest load (0) for JB30,
as compared to diesel fuel. However, with the increase of load, NOx emission got
decreased up to 5 percent for JB30 at a load of 6 kg. The study reveals that, at CR of
15 and load of 6 kg for JB30, CO and NOx emissions decrease up to 50 percent and
the HC emission remains constant. Therefore, the JB30 blend with a load of 6 kg at
CR of 15 was found as the optimum parameters to operate a VCR diesel engine for
the lowest emissions of HC, NOx, and CO gases. Moreover, at the highest CR (18)
and load (612 kg), JB30 shows the lowest emission for each pollutant. The overall
results affirm that JB30 is the best possible blend to be used for the lowest emissions
of HC, CO, and NOx.

2.3 Gustavo M. Hobold, Alexandre K. da Silva

Multiphase flow pattern identification is of utmost importance to the energy indus-
try, given that thermohydraulic operating conditions are drastically affected by flow
and heat transfer regimes. In industrial boilers and nuclear reactors, for instance,
the heat transfer coefficient – and hence the heater temperature – is significantly af-
fected by the boiling regime, where the onset of film boiling can be catastrophic to
the equipment and cause irreparable damage. In this paper, it is shown that a machine
can learn from visualization and successfully classify and separate natural convec-
tion, nucleate boiling and film boiling regimes using low speed and low resolution
image frames acquired from visualization of an on-wire pool boiling experimental
setup (direct visualization) even when only the departed, ascending bubbles are con-
sidered – i.e., the heater is suppressed from the image (indirect visualization). While
not the main objective of this paper, principal component analysis of the frames is
shown to provide information regarding bubble dynamics and hence is used for di-
mensionality reduction. Two types of classifiers, namely support vector machines
and neural networks, are shown to be able to classify pool boiling frames with over
93 percent accuracy sufficiently fast, possibly enabling real-time execution and clas-
sification, even during indirect visualization and, hence, providing a non-intrusive
and low-cost pool boiling regime identification

The present paper demonstrated that fast indirect and nonintrusive boiling regime
classification is possible by lowresolution, low-speed image acquisition using sim-
ple machine learning and image processing techniques. While most boiling studies
rely almost exclusively on heat flux and heater temperature data, machine learning
algorithms are shown to be able to predict pool boiling regimes even in the absence
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

of thermohydraulic data. First, it was demonstrated that low frequency video acqui-
sition – in contrast to the high speed imaging usually employed in multiphase flow
investigations – are necessary for applications in machine learning techniques for
boiling regime identification. Even though the present paper did not focus on boil-
ing heat transfer physics, it is expected that the machine learning investigations con-
ducted in this paper might motivate phenomenological investigations of fast, tran-
sient multiphase phenomena using machine learning and low speed visualization.
These studies were, until now, only accessible with high speed visualization.

2.4 Devarapaga Madhu Supriya B. Chavan Veena Singh Bhaskar
Singh Yogesh C. Sharma

Biodiesel has emerged as a prominent source to replace petroleum diesel. The cost
incurred in the production of biodiesel is higher than that for refining of crude oil to
obtain mineral diesel. The heterogeneous catalyst was prepared from crab shells by
calcining the crushed mass at 800 C. The solid waste catalyst was characterized with
XRD, XPS, BET, SEM–EDS, and FT-IR. Millettia pinnata (karanja) oilextracted
from its seeds was used as a feedstock for the synthesis of biodiesel. Biodiesel
was synthesized through esterification followed by transesterification in a two-step
process. Characterization of biodiesel was done using proton NMR spectroscopy.
Reaction parameters such as reaction time, reaction temperature, concentration of
catalyst and stirrer speed were optimized. Reusability of catalyst was checked and
found that there was no loss of catalytic activity up to five times.

Biodiesel from karanja oil has been synthesized using crabshells as solid cat-
alyst. The catalyst was characterized by usingm sophisticated techniques. Karanja
and biodiesel both were also characterized and a high yield (94 percent) of biodiesel
was obtained.The catalyst was stable and was reusable up to five times without sig-
nificant loss of activity. The optimized reaction conditions were oil:methanol molar
ratio, 1:8; reaction time, 120 min; catalyst amount, 2.5 wt percent; at 65 C and 700
rpm. The fuel properties of the biodiesel were determined as per the US biodiesel
standards and found to adhere to the specifications.

2.5 Supriya B.Chavan Rajendra R.Kumbhar D.Madhu Bhaskar
Singh and Yogesh C. Sharma

High purity calcium oxide (CaO) was prepared from eggshell and used as a cat-
alyst for the production of biodiesel. Non-edible oil, Jatropha curcas was used as
a feedstock for the synthesis of biodiesel. High purity calcium oxide (CaO) was
obtained when the eggshell was subjected to calcination at 900 C for 2.5 h. Con-
firmation of the catalyst was carried out by X-ray diffraction, Fourier transform in-
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frared spectrometry (FT-IR), and differential thermal and thermogravimetric anal-
ysis (DTA-TGA). The synthesized biodiesel was characterized using 1 H NMR.
Pure biodiesel was obtained in high yield by taking into account various parame-
ters such as a proper methanol to oil molar ratio, reaction temperature and reaction
time. Reusability of the catalyst was observed and the catalyst worked efficiently up
to six times without significant loss of activity. Physical and chemical properties of
biodiesel such as density, kinematic viscosity, cloud point, etc. were studied.

A CaO catalyst, obtained by calcination (900 C for 2.5 h) of eggshells had better
activity in the transesterication of Jatropha oil for biodiesel production. A high yield
of Jatropha oil methyl ester can be attained by optimization of reaction parameters
such as molar ratio (oil/methanol), catalyst concentration, reaction time, reaction
temperature and rate of stirring. The acid value of the crude Jatropha oil was 17.88
mg KOH per g which was lowered through acid esterication to 1.78 mg KOH per g.
The different reaction parameters like methanol to oil molar ratio, catalyst loading,
temperature and reaction time were optimized. The optimum oil and methanol molar
ratio was 1 : 8 with 1.7 percent (v/v) H2SO4 at a temperature of 60 0.5 C for 1.3 h.
The optimized parameters for the transesterication also showed oil and methanol in
similar proportions with 2 wt percent of the catalyst and 2.5 h time of reaction at 65
0.5 C. The yield of the synthesized biodiesel obtained was 90 percent . The param-
eters of the biodiesel like the acid value, density, kinematic viscosity, ash point, re
point, cloud point, pour point, cetane number and caloric value were ASTM D6751
standard. Other parameters such as water (percent), carbon (percent), oxygen (per-
cent), hydrogen (percent) and nitrogen (percent) were also studied and were within
the limit of ASTM standard. Thus, the biodiesel obtained was economically viable
and possessed superior quality.
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Chapter 3

CHARACTERSTICS OF ENGINE FUEL

3.1 Characterstics Of Engine Fuel

The following are the important factors, which influences the choice
of fuel:

1. FFA (Free Fatty Acid)

2. Viscosity.

3. density.

4. Water and sediment present.

5. Ash content.

6. Boiling range.

7. Specific Gravity.

8. Carbon residue.

9. Ignition quality.

10. Calorific value .

11. Fire point and flash point.

12. Octane and Cetane number .

13. Storage facilities.
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FFA (Free Fatty Acid) :

The amount of free fatty acid in triglyceride plays a very important
role in biodiesel production. FFA acts as potential contaminant, They
react with alkali catalyst to form soap. Soap can cause glycerol sepa-
ration problem. FFA is the result of the breakdown of oil or biodiesel.
FFA percentage is usually used to describe the FF. content of oils.
Fatty acid composition of the oil is essential to determine the quality
of reactants and the catalyst.

Viscosity :

The viscosity of a fluid is its resistance to shear or How, and is a
measure of the fluids adhesive/cohesive or frictional properties. Vis-
cosity refers to the thickness of the oil and is measuring the amount
of time taken for a given measure of oil to pass through an orifice
of a specified size. The viscosity will arise due to internal molecular
friction within a fluid producing the frictional drag effect. There are
two related measure of fluid viscosity known as Dynamic and Kine-
matic Viscosity.Fuel of low viscosity has inferior lubrication property.
This will increase wear of the fuel injection pump and nozzle. Further
low viscosity fuels result in greater leakage passed worm fuel injec-
tion pump plungers and injector needle valves. This in turn reduces
the volume of fuel injected and also pressure build up. High viscous
oils have to be heated to lower the viscosity and make them flow. A
very low viscosity is dangerous as it will have very low lubricating
value. Such a fuel may cause excessive wear and even seizing of the
fuel pump plungers, By transesterification process the high viscosity
of chicken fat oil can be brought down. After the transestrification
even calorific value gets improved.
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Density :

Density is the weight per volume. The symbol for density is (the lower
case Greek letter rho). Oils that are denser contain more energy. For
example, petrol and diesel fuel give comparable energy by weight;
diesel is denser and gives more energy per liter. The higher the den-
sity the tighter the particles are packed inside the substance, Density
is the physical constant at a given temperature and density can help to
identify a substance. Variations in biodiesel energy density are more
dependent on the feedstock used than the production process. Still
these variations are less than for patrol-diesol. It has been claimed
biodiesel gives better lubricity and more complete combustion thus in-
creasing the engine energy output and partially compensating for the
higher energy density of Petro-diesel.

Water and sediment present :

Gritty manner in the fuel will cause rapid wear of the injection system
and cylinder bore. Sediment may cause clogging of fuel system. Wa-
ter and segment content should not exceed 0.05 volume-percentages.
For high speed engines, the permissible limits are 0.1 percent.

Ash content :

Ash contain in the fuel represents non-combustible material, some of
which is abrasive in nature. Ash content in diesel fuel builds up de-
posits.
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Boiling range :

Boiling range of the fuel represents the temperature range correspond-
ing to beginning and termination of vaporization of fuel and also the
quantum of fuel that will vaporize at different temperatures. Volatility
is measured by 90 percent distillation temperature at which 90 percent
of the fuel sample has distilled off. Lower this temperature higher is
the volatility.

Specific Gravity :

The specific gravity of fuel has not directed upon the burning qual-
ities of fuel. However, the above indicated limitations of viscosity
more or less confine the limits of specific gravity to about 0.83 to 0.90
for airless injections engines, down to 0.94 for air injection engines.

Carbon residue :

Carbon residue is the carbon left after evaporation and bumming off
of volatile matter from a simple of oil by heating. In indicates the ten-
dency of the fuel to form carbon deposits on engine parts. A maximum
carbon residue of 0.10 percent is allowable.

Ignition quality :

Ignition quality is a measure of the ability of fuel to ignite property
after ignition A fuel, which ignites slowly, cause diesel knocks. In
other sense it ensures easy starting and a progressive smooth combus-
tion with less noise. In high speed diesel engines, time available or
allowed for combustion is very short; fuel must have good ignition
quality.
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Calorific value :

It is the amount of heat liberated by burning unit of mass of fuel. Two
types of calorific value are higher calorific value and lower calorific
value.

Fire point and flash point :

Flash point: The flash point has been defined as the lowest tempera-
ture at which the lubricating oil will flash when a small flame is passed
across its surface, Fire point: The fire point of a fuel is temperature at
witch it will continue to burn for at least 5second after ignition by an
open flame ,i.e. will ignite and burn.

Octane and Cetane number :

Both are used to measure the ignition quality of diesel fuel ;higher
this number; the ensier it is to start a standard diesel engine, i.e. abil-
ity of diesel to auto- ignite or selfignite Octane number is ability to
resist auto-ignition. Octane and cetane number are responsible for
auto-ignition temperature, ignition delay, incomplete combustion and
knocking of engine. Biodiesel has better lubricating properties and
much higher cetane ratings than todays lower sulfuric diesel fuels.

Storage facilities :

In general, fuel should be stored in a clean, dry, dark environment Ac-
ceptable storage tank materials include aluminum, steel, fluorinated
polyethylene, fluorinated polypropylene and Teflon. Neat biodiesel
and biodiesel blends should not be stored for longer than 6 months. If
it becomes necessary to store biodiesel longer than 6 months, the acid
value should be monitored.

Department of Mechanical Engineering, AIKTC, New Panvel, Navi Mumbai 11

IR@AIKTC aiktcdspace.org

Service By KRRC (Central Library)



STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

3.2 Production of biodiesel from Datura Stramonium

The seeds of Datura Stramonium were ordered from Udaipur dis-
trict of Rajasthan, India and parcelled to Indian Biodiesel Corporation
Ltd., Baramati. The preparation for making of biodiesel was started
by first demoisturisation process of seeds. The seeds were dried in an
oven for about 8 to 10 hrs and the entire moisture from the seeds was
removed. Seeds were crushed in order to obtain the powder of seeds
by a typical mechanical type crusher. The Oil extraction process was
carried out by solvent extraction method in which n-Hexane (C6H14)
was used as the solvent in order to extract the raw oil from the crushed
powder. Soxhlet extractor was used in this process. The solution was
left about 24 hrs in the apparatus to extract 500 gm of raw oil. Ester-
ification process was carried out after removing the raw oil. During
Esterification process 0.4 percent of H2SO4 which acts as an acid cat-
alyst and 10 percent of CH3OH was added as a solvent to the flask.
Reaction Temperature for the process was 60 , Reaction time was 60
minutes and Agitation speed was 600 rpm. A mechanical type stir-
rer was used for agitation. The Transesterification process was carried
out, first 0.5 percent of KOH which acts as a base catalyst was taken
and added to a solution of 10 percent CH3OH (percentage values are
per 1000ml basis). Reaction Temperature for the process was 60, Re-
action time was 45 min and the agitation speed was 600 rpm. After
Transesterification, the solution was allowed to settle in a settling ves-
sel for 8-10 hrs. During this process the biodiesel and glycerine are
separated from each other. The glycerine phase is much more denser
than methyl ester. The glycerin by-product contains unused catalyst
and soaps that are neutralised. Once separated from the glycerin, the
biodiesel was purified by washing gently with warm water to remove
residual catalyst or soaps, dried, and sent to storage. This is the end
of the production process resulting in a clear Golden-yellow liquid.
Removal of water from Methyl ester was done by heating at 1000C
temperature. Finally pure biodiesel B100 was obtained.
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3.3 Transesterification Reaction

The major components of vegetable oils and animal fats are Triglyc-
erides. To obtain biodiesel, the vegetable oil or animal fat is subjected
to a chemical reaction termed transesterification.

1.png

Figure 3.1: ESTERIFICATION REACTION

Filtering :

Filter the vegetable oil to remove solid particles from it. You may
have to warm it up a bit first to get it to run freely; 35C should be
enough. A cartridge filter is used for the same.
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Removing the Water :

Heat the oil first to remove the water content. Vegetable oil will
probably contain water, which can slow down the reaction and causes
saponification (soap formation). Raise the temperature to 100C, hold
it there and allow water contents to boil off. Run the agitator to avoid
steam pockets forming below the oil and exploding, splashing hot oil.
Or drain water puddles out from the bottom as they form, you can save
oil that comes out with the water later. When boiling slows, raise the
temperature to 130C for 10 minutes and allow cool to it.

3.4 Catalytic Reaction

Acid Catalyst Reaction:

Oil feedstock containing more than 4 percent Free Fatty Acids go
through an acid Esterification process to increase the yield of biodiesel.
This feedstocks are filtered and preprocessed to remove water and con-
taminants, and then fed to the acid Esterification process. The catalyst,
sulfuric acid, is dissolved in methanol and then mixed with the pre-
treated oil. The mixture is heated and stirred, and the Free Fatty Acids
are converted to biodiesel. Once the reaction is complete, it is dewa-
tered and then fed to the trartsesterification processs Some feedstock
must be pretreated before they can go through the trartsesterification
process. Feedstock with less than 5 percent Free Fatty Acid, do not re-
quire pretreatment. When an alkali catalyst is added to the feedstocks
(With FFA 5 percent ), the Free Fatty Acid react with the catalyst to
form soap and water as shown in the reaction below: Up to about 5
percent FFAs, the reaction can still be catalyzed with an alkali catalyst
but additional catalyst must be added to compensate for that lost to
soap. The soap created during the reaction is either removed with the
glycerol or is washed out during the water wash. When FFA level is
above 5 percent, the soap inhibits separation of the glycerol from the
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methyl esters and contributes to emulsion formation during the water
wash. For these case, an acid catalyst such as sulfuric acid can be used
to esterify the FFAs to methyl esters its shown in the following reac-
tion.
In this process, the feedstock is reacted with an alcohol (like methanol)
in the presence of a strong acid catalyst (Sulfuric Acid), converting the
Free Fatty Acids into biodiesel. The remaining triglycerides are con-
verted to biodiesel in the transesterification reaction.

2.png

Figure 3.2: ACID CATALYATIC REACTION

Base Catalyst Reaction:

Oil feedstocks containing less than 4 percent Free Fatty Acids are fil-
tered and preprocessed to remove water and contaminants and then
fed directly to the transesterification process along with any products
of the acid Esterification process. The catalyst, potassium hydroxide,
is dissolved in methanol and then mixed with and the pretreated oil.
If an acid Esterification process is used, then extra base catalyst must
be added to neutralize the acid added in that step. Once the reaction is
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complete, the major co-products, biodiesel and glycerin, are separated
into two layers.The base catalyzed production of biodiesel generally
occurs using the following steps: Some systems recommend the reac-
tion take place at room temperature. Excess alcohol is normally used
to ensure total conversion of the fat or oil to its esters. Care roust, be
taken to monitor the amount of water and free fatty acids in the in-
coming oil or fat, if the free fatty acid level or water level is too high
it may cause problems with soap formation and the separation of the
glycerin by-product downstream.

3.png

Figure 3.3: BASE CATALYATIC REACTION

Separation :

Once the reaction is complete, two major products exist: glycerin and
biodiesel. Each has a substantial amount of the excess methanol that
was used in the reaction. The reacted torture is sometimes neutralized
at this step if needed. The glycerin phase is hutch more dense than
biodiesel phase and the two can be gravity separated with glycerin
simply drawn off the bottom of the settling vessel. In some cases, a
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centrifuge is used to separate the two materials faster.

Alcohol Removal :

Once the glycerin and biodiesel phases have been separated, the excess
alcohol in each phase is removed with a flash evaporation process or
by distillation. In others systems, the alcohol is removed and the mix-
ture neutralized before the glycerin and esters have been separated. In
either case, the alcohol is recovered using distillation equipment and
is re-used. Care must be taken to ensure no water accumulates in the
recovered alcohol stream.

Glycerin Neutralization :

The glycerin by-product contains unused catalyst and sonps that are
neutralized With all acid and sent to storage as crude glycerin. In
some eases the salt, formed during this Phase is recovered for use as
fertilizer. In most cases the Salt is Left. In the glycerin. Water and
alcohol are removed to produce 80•88 percent pure glycerin that is
ready to be sold as crude glycerin. In more sophisticated operations,
the glycerin is distilled to 99 percent or higher purity and sold into the
cosmetic and pharmaceutical mark.

Methyl Ester Wash :

Once separated from the glycerin, the biodiesel is sometimes puri-
fied by washing gently with warm water to remove residual catalyst or
soaps, dried, and sent to storage. In some, processes this step is unnec-
essary. This is normally the end of the production process resulting in
a clear amber-yellow liquid with a viscosity similar to petro diesel. In
some system.
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Drying:

Removal of water from Methyl ester by heating at 100C temperature.
Finally get pure biodiesel (B100).

3.5 Factor To be Considered while Biodiesel Production

Making biodiesel fuel offers many challengers. While converting
one, gallon of oil into biodiesel is simple and fairly easy to learn, pro-
cessing and finishing hundreds of gallons of waste fryer oil into fuel
will present new challenges with each different batch of oil. Follow-
ing tire some parameters to be considered while framing a production
system.

Economics of biodiesel:

The byproducts of bio-diesel from waste chicken fat are the cake and
glycerol witch have good commercial value- These bye-products shall
reduce the cost of biodiesel depending upon the price with these prod-
ucts can fetch. The cost components of bio-diesel are the price of
waste chicken fat collection and oil extraction, oil transesterification,
transport of waste chicken fat will be recoverable to a great extent from
the income of cake and glycerol witch are byproducts.

Costs to consider in determining the economies of small scale
biodiesel production include:-

• Capital investment in equipment this may include purchasing new
equipment and acquiring a location to produce and store the biodiesel
capital cost may be negligible if production primarily uses recycled
material in an existing well-ventilated space.
• Feedstock acquisition procuring the oil, whether fire for pickup or
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purchased.
• Chemicals these may be bought in bulk or small quantity.
• Disposal cost of by-products,
• Permit fees.

Feedstock availability :

finished gallon of biodiesel produced will require slightly over one
gallon of fccdstock, either new vegetable oil or filtered waste fryer
oil from restaurants. As production volumes increase, the logistics of
collecting large amounts of waste fryer oil may become more cum-
bersome In addition, as more people produce bodiless, there may be
competition for waste fryer oils, Lastly, it should be noted that work-
ing with used cooking oil is somewhat more complicated than virgin
oils, due to varying acidity, moisture content and quality of used oil.

Time Commitment:

While biodiesel that is made from free used cooking oil has a re-
duced materials cost, the time commitment for processing should be
overlooked To responsibly operate a small-scale biodiesel facility, you
should allow time for all of the following;

• Fabrication and maintenance of biodiesel equipment.

• Oil collection

• Securing chemicals

• Fuel consumption

• Methanol recovery

• Water washing of the fuel or other finishing technique
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• Quality testing

• Disposal of waste products

Storage handling of bio-diesel :

As a general rule blends of bio-diesel and petroleum diesel should
be treated like petroleum diesel. Though the flash point of biodiesel is
high, still storage precaution petroleum diesel. Though the flash point
of biodiesel is high, still storage precaution somewhat like that in stor-
ing the diesel fuel need to be taken. Based on experience so far, it is
recommended that biodiesel can store up to a maximum period of 6
months.
Biodiesel methyl ester contains no volatile organic compounds that
can give rise to poisonous of noxious fumes. There is no aromatic hy-
drocarbon or chlorinated noxious fumes. There is no lead or sulfur to
react and release any harmful or corrosive gases. However in case of
biodiesel blends significant fumes released by benzene and other aro-
matizes present in the base diesel fuel can continue. It was observed
that when the biodiesels of different oils were stored. their FFA as
well as viscosity increased. However, FFA remained below 1 percent
even after one and a half year of storage. During storage. during Stor-
age, the bio-diesels also gained some weight. It may be mainly due to
reaction with oxygen in the air.
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Handling of By-Products :

Biodiesel process generates substantial quantities of crude glycerol
by-product (about one gallon of waste product containing glycerol
for every five gallons of biodiesel produced. Most processor also use
waster for fuel purification and may generates as much as three gal-
lons of waste water for each gallon of fuel produced. Both glycerol
and waste water require handling and disposal consideration.

Engine Development and Modifications :

The use of unrefined oil leads to poor fuel atomization due to high vis-
cosity resulting poor combustion and also more gum formation in fuel
injector liner etc, The results of emissions of using unrefined chicken
fat oils were unfavorable nod wear also accompanied by deposit for-
mation, Therefore, it is necessary to esterify the chicken fat oil for
using engines.
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Figure 3.4: COST ESTIMATION
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Chapter 4

EXPERIMENTAL SETUP OF ENGINE

It consists of a test bed, a diesel engine, rope break dynamometer,
an operational panel, exhaust gas analyzer, sensor to measure tempera-
ture. Two filter are installed, one at exit of tank and other at fuel pump.
Fuel is fed to the pump under gravity. The cooling water temperature
is maintained constant throughout, the research work by controlling
a flow rate of water. The exhaust gas composition was analyzed by
using exhaust gas analyzer.

The engine was tested at constant speed of 1550 rpm throughout
its power range using chicken fat biodiesel blends B00, B04, B08,
B12, B16, B20, B24 and B00 again as B00’. The engine performance,
emission and vibrations characteristics were investigated.

The tests were conducted with diesel, Datura Stramonium biodiesel
with increasing load steps. The engine was coupled with dynamome-
ter to provide break load. The performance parameters evaluated are
Brake power, Fuel consumption, Brake specific fuel consumption (BSFC),
Heat supplied and the emissions measured were Hydrocarbons (HC),
Carbon Monoxide (CO), Carbon Dioxide (CO2), Oxygen (O2) and
Nitrogen Oxide (NOx) by using exhaust gas analyzer. Vibration was
also investigated. From investigating it can be concluded that biodiesel
can be used as an alternative to diesel in a compression ignition engine
without any engine modification.
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4.1 Test Procedure

1] The fuels used in this study include diesel fuel and biodiesel
blends. The experiments were carried out by using neat diesel fuel as
the base line (denoted as B00), 4 percent biodiesel +91 percent diesel
fuel with 5 percent Diethyl Ether (denoted as B04), 8 percent biodiesel
+87 percent diesel fuel with 5 percent DEE (denoted as B08), 12 per-
cent biodiesel +83 percent diesel fuel with 5 percent DEE (denoted as
B12), 16 percent biodiesel +79 percent diesel fuel with 5 percent DEE
(denoted as B16), 20 percent biodiesel +75 percent diesel fuel with 5
percent DEE (denoted as B20), 24 percent biodiesel +71 percent diesel
fuel with 5 percent DEE (denoted as B24).

2]Initially the diesel filled in fuel tanks then started the engine and
warmed up to obtain its base parameters. For each test fuel and four
loading conditions three times readings were taken. When the engine
reaches the stabilized working conditions

3] parameters like fuel consumption and load were measured. the fuel
consumption was measured with burette and a stopwatch. the exhaust
gas temperature was measure with a K-type thermocouple located on
the exhaust pipeline.

4] The performance and emission parameters of biodiesel blends B04,
B08, B12,B16, B20 and B24
on with baseline. Performance parameters namely Brake power, Fuel
consumption, Brake specific fuel consumption (BSFC), Heat supplied
were computed. Similarly exhaust emissions like Hydrocarbons (HC),
Carbon Monoxide (CO), Carbon Dioxide (CO2), Oxygen (O2) and Ni-
trogen Oxide (NOx), were measured using exhaust gas analyzer.

5] To ensure the accuracy of measured value to be high, the gas an-
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alyzer were calibrated with standard gases and zero gas before each
test. The test engine was loaded by rope break dynamometer.
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Chapter 5

OBSERVATIONS

After transesterification, fuel properties like kinematic viscosity, calorifc
value, density, flash point and fire point gets improved. The calorific
value of methyl ester is lower than because of its oxygen content. The
flash point and fire point temperature is higher than the pure diesel.
the high flash of chicken fat biodiesel is a beneficial safety feature, as
the fuel can be safely stored and transported at the room temperature.

Observation table :

T1 - Water inlet temperature to exhaust gas calorimeter.

T2 - Water outlet temperature to exhaust gas calorimeter.

T3 - Exhaust gas outlet temperature from engine.

T4 - Exhaust gas inlet temperature to calorimeter.

T5 - Exhaust gas outlet temperature from calorimeter.

T6 - Water inlet temperature to engine.

T7 - Water outlet temperature from engine.
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Figure 5.1: TABLE:- OBSERVATION TABLE
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Chapter 6

FORMULAE

1) Brake power (kw) :

Brake Power = 3.14DNW/60000

2) Fuel consumption (kg/s) :

F.C. = (volume of flow ( 10cc )/ time required in sec ) x density of
fuel (gm/cc)

3) Heat supplied by the fuel :

QS = fuel consumption x calorific value of fuel

4) Brake torque :

T = (BPx60) / (2x3.14XN)

5) Brake Thermal Efficiency :

BTE = (BP /heat supplied) x 100
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6) Brake Specific Fuel Consumption (kg/k-W-hr):

BSFC = Fuel Consumption / BP
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Chapter 7

RESULT AND DISCUSSION

7.1 Result tables of Datura Stamonium oil :

BRAKE POWER VS LOAD :

vs l.png

Figure 7.1: TABLE:- BRAKE POWER VS LOAD
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BRAKING TORQUE VS LOAD :

BT.png

Figure 7.2: TABLE:- BRAKING TORQUE VS LOAD
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FUEL CONSUMPTION VS LOAD:

FC.png

Figure 7.3: TABLE:- FUEL CONSUMPTION VS LOAD
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BSFC VS LOAD :

bsfc.png

Figure 7.4: TABLE:- BSFC VS LOAD
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HEAT SUPPLIED VS LOAD:

HS.png

Figure 7.5: TABLE:- HEAT SUPPLIED VS LOAD
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HC VS LOAD:

HC.png

Figure 7.6: TABLE:- HC VS LOAD
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CO VS LOAD :

co.png

Figure 7.7: TABLE:- CO VS LOAD
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CO2 VS LOAD :

co2.png

Figure 7.8: TABLE:- CO2 VS LOAD
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O2 VS LOAD :

O2.png

Figure 7.9: TABLE:- O2 VS LOAD
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NOx VS LOAD :

NOx.png

Figure 7.10: TABLE:- NOx VS LOAD
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VIBRATION VS LOAD :

vibration.png

Figure 7.11: TABLE:- VIBRATION VS LOAD

Department of Mechanical Engineering, AIKTC, New Panvel, Navi Mumbai 40

IR@AIKTC aiktcdspace.org

Service By KRRC (Central Library)
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7.2 Analysis of Result:

Brake power vs load :�
The Brake power of the blends increase with increase in the loads. It
has been observed that higher the concentration of Biodiesel increases,
the Brake Powers slightly keep on increasing at high loads.

vs load.png

Figure 7.12: BRAKE POWER VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Braking torque vs load :

The Braking Torque of the engine running on the Fuels justifies the
given result as shown in fig.

vs l.png

Figure 7.13: BRAKING TORQUE VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Fuel consumption vs load : The Biodiesel blends consume more
fuel than diesel at low speed while the fuel consumption decreases
with increase in Biodiesel concentration at high speeds.

vs lpng.png

Figure 7.14: FUEL CONSUMPTION VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

BSFC vs load :

Brake Specific Fuel Consumption (BSFC) were higher at low load but
drastically reduced at higher loads.

vs l.png

Figure 7.15: BSFC VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Heat supplied vs load :

With the increase in concentration of Biodiesel Methyl ester, the heat
supplied to the engine was increased. The heat supplied by pure diesel
increased with increase in lad while the Biodiesel blends gave almost
same heat at different loads.

vs l.png

Figure 7.16: HEAT SUPPLIED BRAKE POWER VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

CO2 vs load :

CO2 emissions were lower for blend B16 on all loads but there was
slight increase after the load of 80 N while B12 recoded the highest
CO2 emissions on all loads among all blends. As shown in fig.

vs l.png

Figure 7.17: CO2 VS LOAD
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PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

HC vs load:

The HC emissions for B00,B08,B12 and B24 blends initially increases
as the load was increased but after a load of 40 N there was a notable
decrease for further loads, while for B04, B20 and B00’ blends there
was an initial reduction in HC emissions and later there was signifi-
cant increase after a load of 80N. B16 showed the lowest emissions of
HC on all loads. As shown in fig.

vs l.png

Figure 7.18: HC VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

O2 vs load :

B00 showed the highest oxygen content in the exhaust gas emission
at al load of 40N while B16 was lowest after 100N load .As shown in
fig.

vs l.png

Figure 7.19: O2 VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

CO vs load :

The CO emissions for the blend B16 was lowest for all loads while
the blend B24 showed the highest CO emissions at a load of 40N. As
shown in fig.

vs l.png

Figure 7.20: CO VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

NOx vs load :

The blend B12 showed the highest Nox emissions for all loads among
all blends,while NOx emissions for B16 and B00’ were nearly identi-
cal for loads upto 80 N. As shown in fig.

vs l.png

Figure 7.21: NOx VS LOAD
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STUDY ON EFFECT OF BLENDS OF DATURA STRAMONIUM BIODIESEL ON THE
PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Vibration vs load :

Blend B08 intially showed the reduction in vibrations as the load was
increased,but there was significant increase in vibrations after the load
of 40 N.B20 showed the highest vibrations for all loads among all
blends. As shown in fig.

vs load.png

Figure 7.22: VIBRATION VS LOAD
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Chapter 8

Screenshots of Project

Figure 8.1: EXPERIMENTAL SETUPS
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Figure 8.2: EXHAUST ANALYZER SETUPS
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PERFORMANCE AND EMISSION CHARACTERISTICS ON DIESEL ENGINE

Chapter 9

Conclusion and Future Scope

9.1 Conclusion

The experimental analysis conducted on various blends of biodiesel
extracted from Datura Stramonium signify that performance charac-
teristics such as Brake power and Brake thermal efficiency increases
as the load on engine is increased, whereas BSFC decreases as the
load was increased. Fuel consumption initially increases for all blends
as load increases and B12 showed the highest fuel consumption while
B00 showed the lowest fuel consumption at a load of 80N. The opti-
mum fuel consumption was seen for blend B16 on all loads. The emis-
sion characteristics of the test suggests that HC and CO emissions de-
creases with increase in load, whereas NOx emissions increases as the
load is increased. Among all blends, B16 is observed to be optimum in
terms of performance and emissions. The BSFC for B16 was reduced
upto 40 percent as compared to pure diesel on load conditions. The
HC and CO emissions were negligible for B16 as compared to B00
upto loads of 80N and reduction upto of 50 percent was observed at a
load of 120 N. The NOx emissions were seen to be decreased by 50
percent at a load of 40N and 40 percent on load of 80N.The vibrations
were found to be same as B00 on full load condition of 120 N. There-
fore overall results justifies that B16 is the best possible blend to be
used for the lowest emissions of HC and CO, and NOx.

.
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9.2 Future Scope

The various scopes for Datura Methyl Ester in the future are:-

• Datura Stramonium Biodiesel is economical

• It is abundantly available and can be cultivated throughout the
year.

• It will partially or completely replace the use of diesel fuel which
is a non renewable source of energy.

• It will help in promoting sustainable development.

• Different blend compositions are yet to be explored.
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