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ABSTRACT

In this research, the aim is to study preparation of biodiesel in present of zinc
oxide nanoparticles catalyst. Experiments have been performed to determine the
optimum condition for preparation of biodiesel catalyzed by zinc oxide nanoparticles.
This research has 3 methods of experimental: the reflux method, the microwave
method and the hydrothermal method using autoclave. The process variables such as
temperature, amount of catalyst and time of reaction, were used for production of
methyl ester.

From the experimental results, the percent yield of methyl ester by set reflux
method and by microwave oven method were too low and not the suitable condition
for production biodiesel from palm oil by transesterification using zinc oxide
nanoparticle as a catalyst. However, we have successfully synthesized high percent
yield of methyl ester by hydrothermal using autoclave with the optimum condition and
the 3 % of nanoparticle zinc oxide (Degussa’s brand) was used at temperature 200
degree Celsius and the time of reaction is 8 hour. The percentage of methyl ester is
about 99.48%
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Chapter 1
Introduction

1.1 Background of research

Now a day, crisis about oil in the world is increasing violence, it made a cost
of crude oil rising and increasing continuously. Even, amount of reservedly oil is
decreasing and effect to economy in domestic and around the world exceedingly. In
many times ago, it has many researches to study and develop about a new choice
energy which it’s significant and kept a close watch on by people around the world.
One in all is biodiesel, it is new choice oil and make from transesterification reaction

of vegetable oil or animal fats with alcohol.

From the research which popular in many time ago discovered biodiesel has
properties about burning not bad from diesel oil petroleum. Biodiesel has many
advantages such as high flash point, good lubricant, high cetane number [1], clean
burn and little soot because it’s lower amount of CO,,SO, ,NO, that release from
engine than diesel oil petroleum. So, it’s not blocked of exhaust pipe which is a good
thing for engine and environment too [2]-[S]. Beside there, it not has sulfur in
biodiesel [6], so don’t have problem about sulfate. Now, the world’s effected to
greenhouse effect that make higher temperature and occur natural phenomenon which
damage to human and a cost of biodiesel is lower than diesel oil because production
process. The composition use vegetable (palm oil) which popular grow in Thailand.
Biodiesel production is helping farmer who grow palm tree furthermore, biodiesel can
reduce import quantitative from foreign country too. The problem that occur and

advantage that got from biodiesel production, it’s important to do research in this time.



Since Thailand abounds in agricultural resources, emphasis is placed on
producing alternative energy from farm produce available in each locality. In response
to His Majesty the King's innovation on alternative energy development, the Ministry
of Energy is joining hands with the Ministry of Interior in promoting the efficient use
of energy and the production of alternative fuels, such as biodiesel. A target has been
set to work out energy plans to cover 80 communities this year in celebration of His
Majesty the King's 80th birthday anniversary. The project is expected to save 1,600

million baht a year in domestic energy consumption.

His Majesty the King initiated the production of biodiesel from palm oil in
1985, as a way of applying indigenous means to achieve self-sufficiency in energy.
Since then, Thailand has been making progress towards biofuel development, and this
initiative has sparked a wave of interest in various sectors of Thai society. His
Majesty's innovation on biodiesel from the extraction of palm oil also won the Gold
Medal with Mention from Brussels Eureka 2001 in Belgium.

One of the constraints in biodiesel production in Thailand is that palm-planting
areas in the country are still limited. So, domestic demand for palm oil is outstripping
current production. The Ministry of Energy has decided to adjust its plan to promote
biodiesel production on a commercial basis in line with palm production. It earlier

planned to produce 8.5 million liters of biodiesel a day by 2012.
At present, Thailand produces 700,000 to 800,000 tonnes of raw palm oil a

year. The largest source is in the southern province of Krabi, followed by Surat Thani
and Chumphon. Malaysia and Indonesia are now the world's major palm oil
producers. Since Thailand has set a policy to promote palm oil as a biofuel source, a
target has been set to expand palm plantations to cover 10 million rai, or four million
acres, by 2023. Today, palm plantations in Thailand cover only two million rai. It is
expected that by the end of 2009, Thailand will be able to produce 1.18 million tonnes
of raw palm oil.

A survey conducted by the National Statistical Office shows that the
expenditure for energy in each family in Thailand has increased significantly. From
2004 to 2006, energy consumption here rose by 16 percent on average, against 6.9

percent recorded in 2002. As a result, energy expenditure now represents 10 percent of



the total costs of each family. So the Ministry of Energy deems it necessary to step up
campaigns to promote the efficient use of energy and energy saving. The campaigns

must be carried out on a continual basis and in the long run.

In this research, aim is study synthesis biodiesel by use zinc oxide nanoparticle
as a base catalyst. From the research at the pass, nanoparticles have special physical
and chemical properties such as high surface area that is opportunity to good reaction
and transesterification reacton especially [7, 8]. From properties above, we interested
in study variable that effect to percent yield of synthesize methyl ester product such as
amount of zinc oxide nanoparticles temperature and reaction time to find a suitable
state. This research is a based to biodiesel development in indurtry to produce

biodiesel compensate petroleum oil fuel efficiently.

1.2 Objective

1. Synthesize biodiesel from palm oil by transesterification process and use

nano-zinc oxide as a catalyst.

2. Study variable that effect to amount of methyl ester product which
synthesize from transesterification process, such as amount of nano-zinc oxide,

temperature and time in the reaction.

1.3 Scope of study
1. Study property of catalyst (nano zinc—oxide) by XRD.

2. Synthesize Biodiesel from palm oil by thansesterification by metal oxide

(nano zinc oxide)

3. Obtain the optimum condition of nano zinc oxide using for synthesis of

biodiesel.

1.4 Expected result

1. Find the best condition in synthesis of biodiesel from palm oil by
transesterification and use nano zinc-oxide as catalyst to produce high efficiency
biodiesel.



2. Produce biodiesel from palm oil to increase salaries to farmers.

3. Biodiesel is that it tends to reduce fuel economy. Reduce the capital of

Diesel fuel from abroad.
4. Apply the biodiesel production in industry and used in place of petroleum
diesel.

5. The use of biodiesel in a conventional diesel engine results in substantial
reduction of unburned hydrocarbons, carbon monoxide, and particulate matter

compared to emissions from diesel fuel.



Chapter 2
Literature review and theory

2.1 Vegetable oil [9]

The most important component for vegetable oil is fatty acid that consists of
two groups which are saturated fatty acids and unsaturated fatty acids in difference
ratio of two fatty acid groups that make difference properties of vegetable oil.

2.1.1 Fatty acid [10]

In chemistry, especially biochemistry, a fatty acid is a carboxylic acid
often with a long unbranched aliphatic tail (chain), which is either saturated or
unsaturated. Carboxylic acids as short as butyric acid (4 carbon atoms) are considered
to be fatty acids, whereas fatty acids derived from natural fats and oils may be
assumed to have at least 8 carbon atoms, e.g., caprylic acid (octanoic acid). Most of
the natural fatty acids have an even number of carbon atoms, because their
biosynthesis involves acetyl-CoA, a coenzyme carrying a two-carbon-atom group
Fatty acids are produced by the hydrolysis of the ester linkages in a fat or biological
oil (both of which are triglycerides), with the removal of glycerol. Fatty acids are
aliphatic monocarboxylic acids, derived from, or contained in esterified form in an
animal or vegetable fat, oil or wax. Natural fatty acids commonly have a chain of 4 to
28 carbons (usually unbranched and even numbered), which may be saturated or
unsaturated. By extension, the term is sometimes used to embrace all acyclic aliphatic
carboxylic acids. This would include acetic acid, which is not usually considered a
fatty acid because it is so short that the triglyceride triacetin made from it is
substantially miscible with water and is thus not a lipid. Fatty acids can be saturated
and unsaturated, depending on double bonds. They differ in length as well.



2.1.1.1 Saturated fatty acids

Saturated fatty acids do not contain any double bonds or other
functional groups along the chain. The term "saturated" refers to hydrogen, in that all
carbons (apart from the carboxylic acid [-COOH] group) contain as many hydrogens
as possible. In other words, the omega (®) end contains 3 hydrogens (CH3-), and each
carbon within the chain contains 2 hydrogen atoms. Saturated fatty acids form straight
chains and, as a result, can be packed together very tightly, allowing living organisms
to store chemical energy very densely. The fatty tissues of animals contain large
amounts of long-chain saturated fatty acids. In IUPAC nomenclature, fatty acids have

an [-oic acid] suffix. In common nomenclature, the suffix is usually -ic.

The shortest descriptions of fatty acids include only the number
of carbon atoms and double bonds in them (e.g., C18:0 or 18:0). C18:0 means that the
carbon chain of the fatty acid consists of 18 carbon atoms, and there are no (zero)
double bonds in it, whereas C18:1 describes an 18-carbon chain with one double bond
in it. Each double bond can be in either a cis- or trans- conformation, and stands in a
different position with respect to the ends of the fatty acid; therefore, not all C18:1s
(for example) are identical. If there is one or more double bonds in the fatty acid, it is

no longer considered saturated, but rather, mono- or polyunsaturated.
2.1.1.2 Unsaturated fatty acids

Unsaturated fatty acids are of similar form, except that one or
more alkenyl functional groups exist along the chain, with each alkene substituting a
single-bonded " -CH2-CH2-" part of the chain with a double-bonded "-CH=CH-"
portion (that is, a carbon double-bonded to another carbon).The two next carbon
atoms in the chain that are bound to either side of the double bond can occur in a cis or
trans configuration.

A cis configuration means that adjacent hydrogen atoms are on
the same side of the double bond. The rigidity of the double bond freezes its
conformation and, in the case of the cis isomer, causes the chain to bend and restricts
the conformational freedom of the fatty acid. The more double bonds the chain has in
the cis configuration, the less flexibility it has. When a chain has many cis bonds, it



becomes quite curved in its most accessible conformations. For example, oleic acid,
with one double bond, has a "kink" in it, whereas linoleic acid, with two double bonds,
has a more pronounced bend. Alpha-linolenic acid, with three double bonds, favors a
hooked shape. The effect of this is that, in restricted environments, such as when fatty
acids are part of a phospholipid in a lipid bilayer, or triglycerides in lipid droplets, cis
bonds limit the ability of fatty acids to be closely packed, and therefore could affect

the melting temperature of the membrane or of the fat.

A ftrans configuration, by contrast, means that the next two
hydrogen atoms are bound to opposite sides of the double bond. As a result, they do
not cause the chain to bend much, and their shape is similar to straight saturated fatty

acids.

In most naturally-occurring unsaturated fatty acids, each double
bond has 3n carbon atoms after it, for some n, and all are cis bonds. Most fatty acids in
the trans configuration (trans fats) are not found in nature and are the result 6f human

processing (e.g., hydrogenation).

The differences in geometry between the various types of
unsaturated fatty acids, as well as between saturated and unsaturated fatty acids, play
an important role in biological processes, and in the construction of biological

structures.



Table 2.1: Structural Formula, Melting and Boiling Points for Fatty Acids [11]

No. of

carbons Melting | Boiling
Fatty Acid and Chemical structure Point Point

o degC | degC
Caprylic C8 CH3(CH2)6COOH 16.5 239
Capric C10 CH3(CH2)8COOH 313 269
Lauric C12 CH3(CH2)10COOH 43.6 304
Myristic Cl4 CH3(CH2)12COOH 58 332
Palmitc C16:0 CH3(CH2)14COOH 62.9 349
Palmitoleic | C16:1 CH3(CH2)SCH=CH(CH2)7COOH 33 -
Stearic C18:0 CH3(CH2)16COOH 69.9 371
Oleic C18:1 CH3(CH2)16COOH 16.3 -
Linoleic C18:2 CH3(CH2)7CH=CH(CH2)7COOH -5 -
Linolenic | c1s:3 | CH3 (CH2)2CH=CH(;§Iégg;CHCH2CH=CH(CH2 11 _
Arachidic | C20:0 CH3(CH2)18COOH 75.2 75.2 -
Eicosenoic { C20:1 CH3(CH2)7CH=CH(CH2)9COOH 23 23 -
Behenic C22:0 CH3(CH2)20COOH 80 80 -
Eurcic C22:1 CH3(CH2)7CH=CH(CH2)11COOH 34 -




Table 2.2: Percentage of fatty acid type for different oils [11]
Fatty Acid C20:0 | C20:1
C8:0 | C10:0 | C12:0 | C14:0 | C16:0 | C16:1 | C18:0 | C18:1 | C18:2 | C18:3 Other
Fat or oil C22:0 | C22:1
Yellow
1 23 1 10 50 15
Grease
Tallow - - 0.2 23 25-30 | 23 2126 | 3142 | 2 . 04-1 |03 0.5
Lard - - - 1 2530 | 2-5 12-16 | 41-51 | 422 | - , 23 0.2
Butter 12 23 4.1 813 | 2532 | 25 2532 | 2229 | 3 - 042 | 215 | 12
Coconut 59 410 | 4451 | 13-18 | 710 | - 14 5-8 13 - - - -
Palm Kemal | 24 37 45-52 | 14-19 | 69 0-1 13 10-18 | 12 - 12 - -
Palm - - - 1-6 3247 | - 1-6 40-52 | 2-11 | - - - -
Safflower - - - - 52 - 22 763 162 |- - - -
Peanut - - - 0.5 611 | 12 36 3966 | 17-38 | - 510 | - -
Cottonseed - - - 0-3 1723 | - 13 2341 | 34-55 | - - 2-3 -
Com - - - 0-2 810 | 12 14 30-50 | 34-56 | - - 0-2 -
Sunflower - - - - 6 - 42 187 | 693 {03 14 - -
Soybean - - - 0.3 711 | 01 36 2234 | 5060 [ 2-10 | 510 |- -
Rapeseed - - - - 2-5 02 12 10-15 | 1020 | 5-10 | 09 5060 | -
Linseed - - - 0.2 59 - 0-1 9-29 | 829 | 4567 | - - -
Tung - - - - - - - 413 | 815 | 7288 | - - -
2.2 Biodiesel [12]

Biodiesel refers to a non-petroleum-based diesel fuel consisting of short chain
alkyl (methyl or ethyl) esters, made by transesterification of vegetable oil or animal fat
(tallow), which can be used (alone, or blended with conventional petrodiesel) in
unmodified diesel-engine vehicles. Biodiesel is distinguished from the straight
vegetable oil (SVO) (sometimes referred to as "waste vegetable oil", "WVO", "used
vegetable oil", "UVO", "pure plant oil", "PPO") used (alone, or blended) as fuels in

some converted diesel vehicles. "Bio diesel" is standardized as mono-alkyl ester and

other kinds of diesel-grade fuels of biological origin are not included.
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Biodiesel] is a biodegradable and non-toxic alternative fuel produced from new
or used vegetable oil that is produced from renewable resources. It can be used in any
Diesel engine without modification. Pure biodiesel has the highest BTU content of any
alternative fuel. It also has the highest energy balance of any fuel. For every unit of
fossil energy needed to produce biodiesel, more than 3 units of energy are gained. As
for gasoline and diesel, every one unit put in yields only about one half units. Because
biodiesel is made from plant oil or animal fat and not from 40,000,000 year old
organic matter, it is renewable. Moreover, the carbon dioxide taken up by plants
during photosynthesis helps to mitigate the carbon dioxide emitted from using
biodiesel so there is no net carbon introduced to the atmosphere. Compared to diesel
fuel, biodiesel emissions are substantially better for the environment and, in turn,
better for the health of the environment's inhabitants. Specifically, the emissions of
particulate matter, carbon monoxide and total unburned hydrocarbons from biodiesel

are each much less than those from petroleum diesel.
2.2.1 Properties

Biodiesel has better lubricating properties than today's lower viscosity
diesel fuels. Biodiesel addition reduces engine wear increasing the life of the fuel
injection equipment that relies on the fuel for its lubrication, such as high pressure

injection pumps, pump injectors (also called unit injectors) and fuel injectors.

The calorific value of biodiesel is about 37.27 MJ/L. This is 9% lower
than regular Number 2 petrodiesel. A variation in biodiesel energy density is more
dependent on the feedstock used than the production process. Still these variations are
less than for petrodiesel. It has been claimed biodiesel gives better lubricity and more
complete combustion thus increasing the engine energy output and partially

compensating for the higher energy density of petrodiesel.

Biodiesel is a liquid which varies in color - between golden and dark
brown - depending on the production feedstock. It is immiscible with water, has a high
boiling point and low vapor pressure. *The flash point of biodiesel (>130 °C, >266
°F) is significantly higher than that of petroleum diesel (64 °C, 147 °F) or gasoline
(—45 °C, -52 °F). Biodiesel has a density of ~ 0.88 g/cm?, less than that of water.
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Biodiesel has a viscosity similar to petrodiesel, the current industry
term for diesel produced from petroleum. Biodiesel has high lubricity and virtually no
sulfur content, and it is often used as an additive to Ultra-Low Sulfur Diesel (ULSD)
fuel.

2.3 Process to produced biodiesel [13]

2.3.1 Direct use and blending

The direct use is vegetable oil or animal fats that use as fuel in diesel
engine by don’t blend with any substance to change the properties. And blending is
diesel oil or kerosene that dilute with vegetable oil or animal oil in difference ratio to
decrease viscosity. Although this route is economically attractive, it brings serious
problems of adjustment as the physical and chemical properties of the vegetable oil,
such as high viscosity because presence of free fatty acids and bad cold start
properties. The main problems associated to the use of the vegetable oils in natural as
combustibles are incomplete combustion, leading to the accumulation of carbon
deposits in the motor, and the thickening of the oil as a result of the polymerization of
the unsaturated fatty acids.

2.3.2 Microemulsion

Microemulsion is dispersion of fluid particle that suspended in another
fluid. It don’t dissolve to homogeneous substance and can disperse by decreasing
surfactants in type positive and negative charge. The objective of this method is to
solve the problem about high viscosity of vegetable oil and animal fats by use solvent
such as methanol, ethanol and 1-buthanol in microemulsion. This method can adjust

injection to spray vegetable oil or animal fats from injector.

Microemulsions are typically a slightly opaque, opalescent, non-opaque
or substantially non-opaque colloidal dispersion that are formed spontaneously or
substantially spontaneously when the components are brought into contact with an

aqueous medium.
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2.3.3 Thermal cracldng or pyrolysis

Pyrolysis is a process of thermal cracking, also known as thermal
decomposition. This process occurs when organic or carbonaceous material is heated
to high temperatures in the absence of air or oxygen. Any Volatile organic
Compounds are cracked and subsequently released (vaporized) from the solid state

and a carbon char product remains.
2.3.4 Transesterification [14]

Transesterification is reaction of vegetable oils or animal fats with
alcohol in the presence of a strong acid or base, producing a mixture of fatty acid alkyl
esters and glycerol. However, an excess of the alcohol is used to increase the yields of

the alkyl esters and to allow its phase separation from the glycerol formed.

ROCOR
HC-OCOR" + 3 ROH — ROCOR" + HC-OH
| + |
H,C~OCOR” ROCOR"™ H,C-OH
triglycenide alcohol mixture of alkyl glycerol
esters

2.3.4.1 Transesterification by acid-catalyzed processes [14]

The transesterification process is catalyzed by Br@nsted acids,
preferably by sulfonic and sulfuric acids. These catalysts give very high yields in alkyl
esters, but the reactions are slow, requiring, tipically, temperatures above 100 °C and

more than 3 h to reach complete conversion.

The mechanism of the acid-catalyzed transesterification of
vegetable oils is shown in figure 2.1, for a monoglyceride. However, it can be
extended to di- and triglycerides. The protonation of the carbonyl group of the ester
leads to the carbocation (II) which, after a nucleophilic attack of the alcohol, produces
the tetrahedral intermediate (IIT), which eliminates glycerol to form the new ester (IV),
and to regenerate the catalyst H".
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Figure 2.1: Mechanism of the acid-catalyzed transesterification of vegetable oils [14]

2.3.4.2 Transesterification by base-catalyzed processes

The base-catalyzed transesterification of vegetable oils
proceeds faster than the acid-catalyzed reaction. Due to this reason, together with the
fact that the alkaline catalysts are less corrosive than acidic compounds but can occur
sponification reaction that decrease ester purify. Although transesterification by base-
catalyzed process give high percent yield and use short time, but disadvantages are
loss energy to occur reaction, hard to recycle glycerol and product will get rid of

catalyst.

The mechanism of the base-catalyzed transesterification of
vegetable oils is shown in figure 2.2. The first step is the reaction of the base with the
alcohol, producing an alkoxide and the protonated catalyst. The nucleophilic attack of
the alkoxide at the carbonyl group of the triglyceride generates a tetrahedral
intermediate. Step two, the alkyl ester and the corresponding anion of the diglyceride
are formed. Step 3, the latter deprotonates the catalyst, thus regenerating the active
species, which is now able to react with a second molecule of the alcohol and

converted to a mixture of alkyl esters and glycerol in step 4.
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Figure 2.2: Mechanism of the base-catalyzed transesterification of vegetable oils [14]

2.3.4.3 Transesterification by metal oxide catalyst [15]

Metal oxides have been widely used for various applications
such as a semiconductor in dye-sensitized solar cell, catalysts, fuel cells, resistors, gas
sensors, transparent optical device, optical coating and so on. For a current process of
biodiesel production, methanol solution of alkali hydroxide was used as the catalyst.
However, it includes some problems like an invites the soap formation and massive
wastewater was discharged from the process to wash the dissolved alkali-hydroxide
off the produced biodiesel. The acid-catalyzed transesterification is seriously slow as
compared to the base-catalyzed one. The transesterification catalyzed by metal oxide
is a bright technology for the noble process featuring the fast reaction rate under the

mild reacting condition.

Concerning transesterification with methanol using metal oxide
catalyst, abstraction of proton from methanol by the basic sites to form methoxide
anion is the first step of the reaction. The methoxide anion attacks carbonyl carbon in

a molecule of the triglyceride, which leading to formation of the alkoxycarbonyl
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intermediate. Then, the alkoxycarbonyl intermediate divides into two molecules:

FAME and anion of diglyceride in step 2.
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Figure 2.3: Mechanism of the metal oxide catalyst transesterification
of vegetable oils [15]

2.3.4.4 Zinc oxide nanoparticle

The outstanding characteristic of nano ZnO lies in nano particle

and dual nature both nano material and zinc oxide. Compared with normal zinc oxide,

nano zinc oxide has the characteristic of small particle, big surface area and high

activity.
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2.4 Oil that use to produce biodiesel [19]

Generally, biodiesel produce from transesterification reaction of vegetable oil
or animal fats with alcohol. The major components of vegetable oils or animal fats are
triglycerides which is glyceride in which the glycerol is esterified with three fatty
acids. Chain lengths of the fatty acids in naturally occurring triglycerides can be of
varying lengths from 10-30 carbon atoms. Chemical and physical properties of each
oil are difference following properties of fatty acid composition. Vegetable oil is easy
substance to oxidized and occur sticky substance from polymerization reaction at high
temperature. It is most common carbon atom composition between 12-18 carbons and
different saturated fatty acid. Vegetable oil that has high saturated fatty acid will low
iodine value and sticky substance from polymerization reaction in engines. Iodine

value derived in 3 groups,
1) Drying oil, iodine value between 160-230 and high polymerization reaction.
2) Semi-drying oil, iodine value between 125-150.
3) Non-drying oil, iodine value lower than 120.

Raw material or feedstocks with potential for biodiesel production in Thailand

are following, [20]
1) Palm oil
2) Coconut oil
3) Soy bean oil
4) Ground nut oil
5) Castor oil
6) Sesame oil
7) Sunflower oil

8) Jatropha oil
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Table 2.4: Properties and heating value of any vegetable oil [21]

Oil type Specific gravity Viscosity Heating value
(g/mL) (cSt) (kJ/kg)
Soy bean oil 0.918 57.2 39,350
Sunflower oil 0.918 60.0 39,490
Coconut oil 0.915 51.9 37,540
Ground nut oil 0.914 67.1 39,470
Palm oil 0.898 88.6 39,550
Palm kernel oil 0.904 66.3 39,720
Jatropha oil 0.915 36.9 39,000
Diesel oil 0.845 3.8 46,800

2.4.1 Palm oil [22]

Palm oil is derived from the flesh of the fruit of the oil palm. It is the
second most traded vegetable oil crop in the world, after soy. Palm oil is mostly used
to raw material in the manufacture of biodiesel in Thailand because oil palm is a plant
with high competitive potential due to its lower costs in production and marketing
than other plants. Palm oil is high production capacity more than rape seed that is raw
material in Europe 5 times and 10 times for soy bean in America. Due to palm oil is

perennial, endure to environment and long harvest to 20 years.
2.4.2 Palm kernel oil [23]

Palm kemel oil is oil which is extracted from the seeds of the oil palm.
The fruit which surrounds the seed can also be pressed for oil. Its chemical
composition is quite different from that of palm oil, which is obtained from the flesh
of the palm fruit. Palm kernel oil is a lauric type, similar to coconut oil. It is extremely
high in saturated fats, and low in essential fatty acids.

2.5 Diesel Fuel [24]

Diesel or Diesel fuel in general is any fuel used in diesel engines. The most

common is a specific fractional distillate of petroleum fuel oil, but alternatives that are
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not derived from petroleum, such as biodiesel, biomass to liquid (BTL) or gas to
liquid (GTL) diesel, are increasingly being developed and adopted. To distinguish
these types, petroleum-derived diesel is increasingly called petrodiesel Ultra-low
sulfur diesel (ULSD) is a term used to describe a standard for defining diesel fuel with
substantially lowered sulfur contents.

Because of diesel engine have a difference size, so diesel fule must have

suitable properties for each diesel engine
2.5.1 Ignition Quality (Cetane Number) [25]

The performance of diesel engines is critically dependent upon the
ignition quality of the fuel. The diesel engine relies on the high pressures and
temperatures generated during the compression stroke to bring about auto-ignition of
the air-fuel mixture. Auto-ignition is defined as the condition when the air-fuel
mixture spontaneously ignites without an external source of ignition, such as flame or
spark. The tendency of the diesel fuel to ignite under these conditions is known as its
ignition quality, which is conveniently expressed in terms of the cetane number. The
higher the cetane number, the better the ignition quality. Higher cetane number
shortens the ignition delay period, which translates to smoother combustion and
thereby optimising the power generated. Cetane number also influences cold start

performance, white smoke, engine noise, and emission.

2.5.2 Sulphur Content

Sulphur content of On-Road Diesel Fuel cannot exceed 22 mg/kg after
September 1, 2006 and 15 mg/kg after October 15, 2006. These ultra-low sulphur
levels are mandated by Federal legislation and required for all 2007 model year
vehicles that will be equipped with advanced emission control systems utilizing diesel
particulate filters (DPFs) in exhaust systems. High sulphur fuel will be potentially
harmful because it will result in premature filter plugging with sulphates.

2.5.3 Lubricity

Lubricity is the ability to reduce friction between two surfaces in
relative motion. It is a measure of fuel’s effectiveness as a lubricant. Diesel fuel also

functions as lubricant in fuel injection equipment such as rotary or distributor- type
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injection pumps, and injectors. The severe hydro treatment process involved to lower
the sulphur content of the diesel fuel to where it is now tends to reduce its natural
lubricating properties. Lubricity additives are used to enhance the lubricating property
of this severely hydro treated diesel fuel. Industry standards require diesel fuel to
provide acceptable performance in accordance with prescribed test methods. Increased
wear in the fuel injection system will cause insufficient fuel delivery and will lead to
poor engine driveability. In the long term and in extreme cases fuel pumps and

injectors will seize and breakdown.
2.5.4 Cloud point

Cloud point is the temperature at which wax crystals begin to form in
the fuel. The cloud point temperature of the diesel fuel indicates how well it performs
at low temperatures. This property is important because wax crystals can block fuel
filters, thus starving the engine of fuel. The industry standard for supplying Diesel
Fuel is to ensure the cloud point does not exceed a prescribed temperature for a given
half-month period.

2.5.5 Flash point
Flash point is the lowest temperature at which the diesel fuel will start

to emit vapour that can be ignited by an external source. Flash point has no direct
influence on engine performance, but it is important for safe storage, handling, and
transport of diesel fuel. A low flash point fuel can be a fire hazard. In addition, low
flash point may provide an indication of contamination with more volatile fuels- such
as gasoline.

2.5.6 Viscosity

Viscosity is a measure of a liquid’s resistance to flow under pressure
and is dependent upon temperature. At higher temperature, the viscosity of the fuel
decreases and at lower temperature its viscosity increases. Viscosity of diesel fuel .
influences engine performance in two ways: injection pump and injector performance,
and injected fuel spray pattern and atomization. A very low viscosity fuel can cause
internal leakages in the injection pump causing low pressure build up resulting to fuel
starvation in the combustion chamber of the engine. This could also lead to

undesirable spray pattern that promotes incomplete combustion. Fuel starvation and
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incomplete combustion will both contribute to reduced power and excessive emission.
A very low viscosity fuel also causes excessive wear in the injection system and poor

hot re-start.

On the other hand, a very high viscosity fuel will cause poor
atomization during injection. As a result, the fuel is not evenly distributed in the

combustion chamber to mix well with the air - a requisite for good combustion.
2.5.7 Volatility (Distillation)

The distillation characteristics of a diesel fuel impart an important
influence on diesel engine performance. Volatility of the diesel fuel tends to affect
power output and fuel economy. A less volatile fuel tends to reduce power output and
fuel economy due to poor atomization. A diesel fuel with too high volatility tends to
promote vapour lock in the fuel system and unfavourable spray penetration from the
injector thereby reducing power output and fuel economy. Distillation characteristics

of diesel fuel also influence cold start exhaust smoke and odour.

2.6 Use of Biodiesel [26]

Biodiesel is a clean burning alternative fuel, produced from domestically
grown, renewable resources. Biodiesel contains no petroleum products, but can be
blended at any concentration with diesel from fossil sources to create a biodiesel
blend. It can be used in compression-ignition (diesel) engines with little or no
modification. Biodiesel is simple to use, biodegradable, non-toxic, and basically free

of sulphur compounds and aromatics.

2.7 Advantages of Biodiesel {27]

1. Biodiesel fuel is a renewable energy source that can be made from soy beans
grown for fuel, or from cooking oils recycled from restaurants. This means it is a

renewable resource unlike petroleum-based diesel.

2. There is an excess production of soybeans in the United States, therefore

biodiesel is an economic way to utilize this surplus.
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3. Biodiesel is less polluting than petroleum diesel. Compared to petroleum
diesel, biodiesel produces less soot (particulate matter), carbon monoxide, unburned

hydrocarbons, and sulfur dioxide.

4. The absence of sulfur in 100% biodiesel should extend the life of catalytic

converters.

5. Biodiesel fuel can also be used in combination with heating oil to heat
residential and industrial buildings. This can reduce dependence on non-renewable

and increasingly expensive heating oil.

6. Biodiesel fuel can generally be used in existing oil heating systems and
diesel engines without modification, and it can be distributed through existing diesel
fuel pumps. This is an advantage over other alternative fuels, which can be expensive
to use initially due to high cost of equipment modifications or new purchases.

Biodiesel provides almost the same energy per gallon as petroleum diesel.

7. The lubricating effects of the biodiesel may extend the lifetime of engines.

2.8 Disadvantages of Biodiesel [27]

1. Biodiesel is currently about one and a half times more expensive than
petroleum diesel fuel. Part of this cost is because the most common source of oil is the
soybean, which only is only 20% oil. However, the costs of biodiesel can be reduced
by making biodiesel from recycled cooking oils rather than from new soy beans, or by
making it from plant matter with higher oil content.

2. Takes energy to produce biodiesel fuel from soy crops, including the energy

of sowing, fertilizing and harvesting.

3. Biodiesel fuel can damage rubber hoses in some engines, particularly in cars
built before 1994. You should check with the manufacturer before using biodiesel to

see if you need to replace any hoses or rubber seals.

4. Biodiesel cleans the dirt from the engine. This dirt then collects in the fuel
filter, which can clog it. Clogging occurs most often when biodiesel is first used after
a period of operation with petroleum diesel, so filters should be changed after the first

several hours of biodiesel use.
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5. Biodiesel is not distributed as widely as traditional, petroleum diesel, but

distribution infrastructure is improving.

2.9 Instruments

2.9.1 Rotary evaporator [28]
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Figure 2.5: Rotary Evaporator [29]

Rotary Evaporator The rotary evaporator is a device for gently and

efficiently evaporating solvents from a mixture. It consists of a heated rotating vessel

(usually a large flask) which is maintained under a vacuum though a tube connecting

it to a condenser. The rotating flask is heated by partial emersion in a hot water bath.

The flask's rotation provides improved heat transfer to the contained liquid; the

rotation also strongly reduces the occupancy of 'bumps' caused by superheating of the

liquid. The solvent vapors leave the flask by the connecting tube and are condensed in
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