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ABSTRACT

Heterogeneous catalyst plays a vital role in tretes#ication process, especially in view of cost
and reusability. In this study, heterogeneous dmdise catalyst was prepared by impregnating the
waste animal bone with different weight percent%WwtKOH solutionfollowed by drying and
calcination at 900 °C for 3 hr. Having screeneddalytic performance and basicity of animal
bone loaded with different K-compounds, 12 wt% K@Eded on animal bone was chosen. The
physico-chemical properties of animal bone, suppod the KOH-impregnatezhlcined animal
bone catalyst wereharacterized by means of titration (for basicitgatalyst), Fourier Transform
Infra-Red (FT-IR) spectroscopy and X-Ray DiffractigXRD) spectroscopy measurements.
Thermogravimetric Analysis (TGA) was also performied the selected catalyst. Catalytic
performance of the catalyst was evaluated by tstes@cating Jatropha oil with methanol in
batch reactions. The Box-Behnken Design (BBD) ef Response Surface Methodology (RSM)
was employed to investigate the effects of readgomperature, catalyst loading and methanol to
oil molar ratio orfatty Acid Methyl Ester (FAME) yield. Maximum yikbf 96.74% was obtained
at 11.56:1 methanol to oil molar ratio, 5.08 wt%atgst loading, 64.08C reaction temperature
and 500 rpm stirring speed in 3 hr reaction timeugbility studies indicated that the prepared
catalyst could be applied to at least three consecbatches of the transesterification reaction
without any significant loss of activity. The effsof temperature (313, 321.3, 329.6, and 338 K)
and time (1, 2, 3, and 4 hr) at optimum conditionghe conversion of the oil into FAME were
also investigated. The results obtained indicatedpseudo-first order kinetics for the
transesterification reaction using the preparedlygsit The activation energy obtained was 38.55
KJ.mol!. The physical, chemical and fuel properties of thedpced FAME met the standard

specifications.

Keywords. Animal bone, Heterogeneous catalyst, Potassiunroliake, Jatropha oil and

Transesterification
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UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

1. INTRODUCTION

1.1Background

Today the greatest attention in the world is dedtdeenergy resources because their use is usually
irreversible and very vital in the socio-economevelopment of any country. According to the
current energy scenario, because of the ever-isiocigavorld population and high speed of
economic development energy consumption is inangaay by day. This leads the world towards

a global energy crisis in the near future. As alligpetroleum reserves are being depleted that
result an increase in crude oil prices. Moreoventioued and increasing use of petroleum will
intensify local air pollution and magnify the glélvearming problems caused by carbon dioxide
emission. This is why over the last decades atrnt focused on renewable energy resources
and ways to increase energy efficiency (Verma.efall6).

Nowadays, there has been increased interest imatiee fuels (such as biodiesel, methanol,
ethanol, biogas, hydrogen, etc.). Biodiesel alsmknas FAME is believed to be the most feasible
alternative energy source for replacing petro-didse to its better performance, biodegradability,
non-toxic, carbon neutral, low pollutant, enviromti&iendly and carries efficient combustion
due to higher oxygen content and higher flash p@nipta et al., 2016). Biodiesel is produce by
reacting vegetable oils or animal fats with monafgydicohol in presence of a catalyst (Gupta et
al., 2016).

Edible and non-edible vegetable oils, waste or alecloil and animal fats are commonly used
feedstocks for biodiesel productiddore recentlymicroalgae have become the newly emerged
feedstock. Currently, biodiesel is produced fronffedent feedstocks by transesterification
reaction, but non-edible oil resourcasch as Jatropha are gaining worldwide attenticaause
they are easily available in many parts of the di@liminate competition for food, more efficient,
more environmentally friendly, produce useful bgpqgucts and they are very economical (Atabani
et al., 2012; Verma et al., 2016).

Among various oil-bearing seeds Jatropha becomvesridwide issue for its multi-dimensional

advantage including drought-resistant, easy tobbsta grows almost everywhere even on
gravelly, sandy and saline soils. It produces séad50 years with a high oil content of about
37% or more (Koh et al., 2011). Moreover, the sematains 35-40% oil content and 50-60% in

MSc Thesis 1fage



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

the kernelThe oil comprises of about 79% unsaturated fatiysaand 21% saturated fatty acids.
There are some toxic components in the oils whaghoisonous and render the oil not appropriate
for human consumptiorAt present, Jatropha trees, as a potential aligenatodiesel crop, are
widely cultivated in semi-cultivated tropical orkgropical areas in Central and South America,
India, Africa and South China (Amalia et al., 2013)

Catalysts used for biodiesel production are categadrin to three; homogeneous, heterogeneous
and enzymes. Homogeneous and heterogeneous catalyst then categorized into alkali and
acid catalysts. As compare to enzyme catalystajialkd acid catalysts are more commonly used
in biodiesel production (Talha & Sulaiman, 2016).

Currently, homogeneous alkaline catalysts, sudde€3H and KOH, are most commonly used in
industrial transesterification processes for biseigoroduction. They are very effective because
of their ability to efficiently promote the reaaticat relatively low reaction temperature and
atmospheric pressure, high conversion in shomee,tend economically available (Sivasamy et
al., 2009; Talha & Sulaiman, 2016). However, thegseveral process problems because of their
sensitivity to water and free fatty acids contentthe feedstock, which results in soap formation
and ester saponification and creates difficultiesnd) purification and generate a large amount of
waste water during washing. On the other hand, lyg@meous acid catalysts such as HCI and
H>SOy has been largely ignored, mainly because of tredatively slower reaction rate and
increase corrosiveness (Sivasamy et al., 2009).

Heterogeneous catalysts are being employed to owver¢he problems caused by homogeneous
catalyst in biodiesel production. In contrast, hegeneous catalysts have the general advantage
of being reusable, environmentally friendly, ladkaxicity, long catalyst life times and easy to
separate from the reaction products (Talha & Swdain2016). However, in case of heterogeneous
transesterification existence of three phasesalttbhol and oil leads to diffusion limitations, thu
lowering the rate of reaction. One of the ways ¥eroome this mass transfer problem is to use
structure promoters or catalyst supports whichmawide more specific surface area and pores
for active species (Zabeti et al., 2009). Differeggearchers used different types of supports for
heterogeneous transesterification. It has beerrtegpthat aluminium oxide (Zabeti et al., 2009),
zinc oxide (Xie & Huang, 2006) and palm shell aated carbon (Baroutian et al., 2010) showed
favorable support properties for alkali-catalyzeatiesel production.

MSc Thesis 2Rage



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

Recently, researchers synthesized and used diffierefs of natural source derived heterogeneous
catalyst (such as mollusk shells, eggshells, catcirsh scale, sheep bone, etc.) as a new trend in
order to produce environmental friendly and co$tative catalyst for biodiesel production
(Farooq & Ramli, 2015; Obadiah et al., 2012; Taéh&ulaiman, 2016). Among these natural
sources, animal bone is one that is obtained asstevin huge quantities particularly in developing
countries like Ethiopia. Calcium phosphate is tlE@mcomponent of bone and can be transformed
to hydroxyapatite by calcination, which has relalyhigh catalytic activity, good thermal and
chemical stability (Ghanei et al., 2016). Howeveese catalysts are required in high amount, high
methanol/oil molar ratio with longer time for theaction to occur. Hence this research focuses on
the development of solid base catalyst, KOH-impadgd calcined waste animal bofa

transesterification reaction.

MSc Thesis 3ftage



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
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1.2Statement of the Problem

The increase in the emission of pollutants into éngironment, depletion of world petroleum

reserves, instability of world political conditioand economic considerations are the main reasons
that stimulate the search for alternative renewehkrgy sources that are capable of fulfilling an
increasing energy demand (Caban et al., 2048)ong the different renewable energy sources,

biodiesel is one that would probably reduce theeddpncy on petroleum.

Biodiesel is produce mainly by transesterificatiosacting vegetable oils or animal fats with

monohydric alcohol in presence of a catalyst. Taedesterification reaction is affected by various
parameters. One of this parameter is catalyst @peerally, catalysts used in transesterification
reaction can be divided into three categories: tgenous, heterogeneous and enzymes.
Industrially biodiesel production is being carrma homogeneously (Acids and Bases). However,
using homogenous catalyst not qualified by resemsctbecause of issues with catalyst
deactivation, catalyst recovery, large wastewatedyction, and corrosion to operation facilities,

all of which increase the production cost of bicgie Recently, to overcome the problems
encountered with homogeneous catalysts a lot adarek is being conducted on developing

heterogeneous catalysts having high catalytic iagtand stability.

Heterogeneous catalysts offer numerous advantaggshomogeneous catalysts as it can easily
be separated from reaction mixture and can be depsssess high thermal stability, have limited
corrosion effect, and easily applied in continupuscesses. Preparation of heterogeneous base
catalysts derived from commercial chemicals someticonsists of multiple complicated steps.
As a result, those catalysts might become unecararespecially on a commercial scabme
possible way to address the problem is to synteesaralysts from natural sources, lowering the

production cost and alleviating environmental puessimultaneously.

Among the different kinds of natural sources (sasimollusk shells, eggshells, calcined fish scale,
sheep bone, etc.), animal bones tend to be a Ruithbice due to their high abundancy and non-
toxic features It has been shown recently, by simple thermal eosien animal bone can
effectively catalyzed transesterification reactigrarooq & Ramli, 2015; Jazie et al., 2013;
Obadiah et al., 2012). However, the reaction reguiigh catalyst amount, high methanol to oil
molar ratio with longer reaction time. All thesesailvantages make waste bone derived catalysts

practically and economically unsuitabke.modification step, like wet impregnation with eth

MSc Thesis 4R age



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

chemicals, could be combined with thermal convergm improve the performance of bone-
derived catalysts (Ghanei et al., 2016).

1.30bjective of the Research
1.3.1 General Objective

The main objective of this research is to conveimal bones in to heterogeneous solid base
catalyst having high catalytic activity for prodact of biodiesel (FAME) from the non- edible
Jatropha oll, via transesterification reaction.

1.3.2 Specific Objectives

The specific objectives of this research are: -

+ To prepare and characterize several KOH-impregrzgkmhed animal bones.

+ To investigate the catalytic performance/efficiemfythe prepared catalyst by producing
biodiesel (FAME) from Jatropha oil in batch processler varying reaction conditions
(methanol/oil molar ratio, catalyst loading andatean temperature).

+ To study the main and interaction effect of tratex#fication reaction parameteusing
RSM.

+ To develop model equation and determine the optig@dtion condition aiming to obtain
maximum FAME vyield.

+ To determine the kinetics of the base-catalyzaustsaterification reaction.

+ To characterize the physico-chemical propertigsrofiuced biodiesel (FAME).

1.4Significance of the Study

Currently Ethiopia is one of the countries wheratleconomies are booming. This fast-growing
economy together with the increasing populatiothefcountry increases the energy demand day
by day. Fossil fuels take the major portion in iflitfg the energy demand of the countfihe
Ethiopian government spends over 87% of the foreagming annuallyon these fossil fuel
(Beemnet et al., 2016).

In recent years, the country gives attention teraétive fuels (such as biodiesel, methanol,
ethanol, biogas, hydrogen, etc.). Biodiesel haseghattention as a source of alternative fuel due

to its environmental benefits and renewability.
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UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
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This research produces biodiesel using wastes ohahrbone as raw material for catalyst
synthesis. This could eliminate the wastes and Isameously produced the heterogeneous
catalysts with high cost effectiveness. And proatuncbf biodiesel from non-edible Jatropha oil
by using this cost effective heterogeneous catalgselop cheap, efficient and environmentally

friendly biodiesel technology for sustainable eygogoduction.

1.5Scope of the Study

The thesis work generally covers solid base catalgparation and characterization, Jatropha oil
extraction, refining and characterization, productof biodiesel using the prepared catalyst in a
two-step acid-base catalyzed transesterificati@ctien and characterization of the produced
biodieselusing standard procedures and test methods, aadrdeation of reaction kinetics for

the base-catalyzed transesterification reaction.
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2. LITERATURE REVIEW

2.1Renewable Energy

The depletion of fossil fuel, the resulting highcpr and its adverse effects on the environment
such as greenhouse effects and acid rain due tessixe sulfur emissions is compelling
researchers to investigate other renewable enaygsces.Thus, there is an urgent need for

alternative and renewable fuels.

Currently, a number of renewable energy sourcesuader consideratiorizor example, solar,
wind, tidal, wave and so forth are all green antkveable energy sources and have been playing
a more and more significant role in today’s enargyrket (Dincer, 2000Nevertheless, several
existing problems are limiting their potential te lnsed extensively. Firstly, many of those
including, solar and wind energy, largely dependh@iocation and weather, which prevents them
from being applied nationwide and worldwide. Sedgnthe efficiency of the machines that are
used for energy conversion and export is low. Heat¢his time, those energy sources are less
economical to substitute fossil fuels.

Among all the renewable energy sources, energyrgexte from biomass shows a series of
advantages over the others. Biomeasfers to all the biological material derived frdiving, or
recently living organisms, like wood, algae, andtgananuren contrast to fossil fuels, biomass
is generated from various bio-resources in a sieont- cycle. Furthermore, since biomass uses
sunlight and atmospheric GOt is more environmentally friendly than fossilels. Currently,
biomass is converted into other usable forms ofgneuch as biogas, bioethanol, and biodiesel.
Those energy forms could be stored and transp@ésdy. Although the current conversion
method of biomass into alternative energy formxpemsive and inefficient which make it in

competitive with fossil fuels.

2.2Biodiesel

Biodiesel refers to vegetable oil or animal fatided diesel fuetonsisting of long-chain alkyl
(methyl, ethyl, or propyl) esterBiodiesel has excellent lubricating properties aathne ratings
compared with diesel fuel®espite possessing lower heating value than diesdd, its better

lubricity and a complete combustion could compengatits lower energy densitiodiesel can
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be used alone or mixed with petroleum diesel at @mcentration ratio. The fuel efficiency

depends on the mix ratio and the type of combusiagine (Agarwal, 2007).

2.2.1 Feedstocks for Biodiesel Production

The high cost of biodiesel is a major obstaclés@dommercialization, which is 1.5-3 times higher
than petroleum derived diesel. The feedstocks, atsofor about 75% of the total production
costs, contribute to a major portion of the oveoaddiesel production cost as shown in figure 2-1
(Atabani et al., 2012)Therefore, it is critically important to select @etistock, which is cheap,
domestically available, and not compete with thedfmaterials, to ensure low production cost of

biodiesel.

In general, biodiesel feedstocks can be divided fotir main categories as edible vegetable oil,
non-edible vegetable oil, waste or recycled oil antnal fats. The main feedstocks of biodiesel

are shown in Appendix A.

Oils from rapeseed, soybean, palm, sunflower, agicand peanut fall under the edible vegetable
oil category and considered as the first generasfdniodiesel feedstocks because they were the
first oil crops to be used for biodiesel productidheir plants were cultivated in many countries
around the world such as Malaysia, USA, Indoné&3@mada, and Germany. Currently, more than
95% of the world biodiesel is produced from edibils such as rapeseed (84%), sunflower oil
(13%), palm oil (1%), soybean oil and others (2%af¥ani et al., 2012). However, their use for
biodiesel production competes with their primarg as food sources, giving rise to “food vs fuel”
debate and environmental concerns such as destrudgitivital soil resources, deforestation and

usage of much of the available arable land.

One of the possible solutions to reduce the deperedef biodiesel production on edible oils is by
exploiting non-edible oils. Nerdible oils, such as oil from Pongamia pinnata édg or Honge),
Jatropha curcas, Cotton seed, rubber seed treenddoiCroton megalocarpus, Salmon oil and so
on, are gaining worldwide attention because theyeasily available in many parts of the world
especially wastelands that are not suitable fod fomps, eliminate competition for food, reduce
deforestation rate, more efficient, more environtaliyfriendly, produce useful by-products and
they are very economical comparable to edible @sbani et al., 2012). Non-edible oils are

regarded as the second generation of biodiesestieeid.
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Figure 2-1: General cost breakdown for production of biodiéa¢hbani et al., 2012)

Animal fats such as beef tallow, poultry fat, paid and by-products from fish oil, waste oils and
grease are also considered second generationdekslsThe use of these types of feedstock as a
raw material for biodiesel production eliminategesal disposal problems and contamination to
water and land resources. However, the drawbatkeske feedstocks is the presence of high free
fatty acids (FFA) and water content. Excess FFA mdsture will affect the transesterification
reaction through saponification reaction, and, &vally, decrease the yield and complicate the
product separation and in the case of waste coakingnfrastructure and logistics needed for

collection could be hurdle as the sources are gégescattered (Atabani et al., 2012).

More recently, algal lipids derived from microalgaee gaining interest all over the world and
have emerged to be the third generation of biotileselstock. Microalgae are photosynthetic
microorganisms that convert G@nto sugar and proteins in the presence of sunligigher
photosynthetic efficiency, higher growth rates gmdductivity, high oil content comparing to
edible and non-edible feedstocks and easy of atitia (either in in farm or bioreactor) makes
microalgae a promising feedstock for biodiesel patihn in the near future. However, its high
production cost from requiring high-oil yieldinggale strains and effective large-scale bioreactors

are the main obstacles for its commercializatiotaani et al., 2012; Ramli et al.,2016).
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2.2.1.1Jatropha Curcas L. Seed Oil
Jatropha curcas L. is a perennial small tree gelahrub that belongs to Euphorbiaceae family,

known for its toxicity. Its name is derived fromadwatin words jatros (doctor) and trophe (food).
The genus consists of over 170 species of succshlenbs and trees. It reaches a height of three
to five meters but can reach up to eight to terenmsetvhen grown under favorable conditions. It
has an average life span of 50 years with a higkasitent of about 37% or more and reaches
maturity within four to five years. Jatropha cureasative to Mexico, Central America, Africa,
India, Brazil, Argentina and Paraguay. The Jatropiraas plant is drought-resistant and has the
capability to semi-arid and arid conditions, caovgalmost on any type of soil whether gravelly,
sandy or saline and thrives even on the pooresy stoils and crevices. The potential areas of
Jatropha curcas were distributed around the wepdasented in Figure 2-2 (Silitonga et al., 2013).
The oil from the Jatropha curcas L. seeds has bbyaroperties such as a low acidity, good
stability as compared to soybean oil, low viscositycompared to castor oil and better cold
properties as compared to palm oil. Besides, Ja#&rofs consist of mainly oleic and linoleic acids
which are unsaturated fatty acids, the biodiesetipced has desirable good low temperature
properties. Although Jatropha oil cannot be usedchtonan consumption and the cake as well
cannot be used as animal feed which makes it a giberthative feedstock for biodiesel production
(Koh et al., 2011). However, most non-edible ot®&tain a high level of free fatty acids (FFA)
which makes transesterification reaction diffiauid lowers the yield of biodiesel. This is because
a high FFA (>1%w/w) will promote more soap formatiand the separation of products will be
difficult during alkali-catalyzed transesterifiocai. Therefore, pre-treatments of non-edible oils for
lowering the FFA in feedstock for alkali transestestion are inevitable. Table 2-1 tabulates the

physical and chemical propertiesJatropha curcas oil (Koh et al., 2011).

Apart from being potential feedstock in the produtof biodiesel as a diesel substitute, Jatropha
oil has other uses such as producing soap, anedbs¢nsecticide, molluscicide, fungicide and
nematicide). Further, as the stability of biodigsehighly critical to meet storage requirements,
usually biodiesel requires tlaeldition of an antioxidant. Appropriate blends atrdpha and palm
biodiesel have been established in order to mirgrthie dosage of antioxidant needed as Jatropha
biodiesel has good low temperature properties bpbar oxidation stability, whereas palm
biodiesel has a good oxidative stability with pémw temperature properties. The blending and

combinations of Jatropha and palm give an addéffect on these critical properties of biodiesel.

MSc Thesis 10Hage



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

Moreover, direct use of Jatropha oil without anydifioations can be used in older engines and
motors equipped with current technologies suchuasps and generators running at a constant
speed (Koh et al., 2011). Although the seeds cauasee for many purposes such as lighting,

lubricant and biomass elements (Silitonga et 8l1.3}.

Table 2-1: Physical and chemical properties of Jatropha sunda

property of Jatropha curcas oil Range
Specific gravity, gcrr? 0.860-0.933
Calorific value, MJ kgt 37.83-42.05
Pour point;C -3

Cloud point,C 2

Flash point;C 210-240
Cetane value 38.0-51.0
Saponification number, mg KOHY 102.9-209.0
Viscosity at 30C, cSt 37.0-54.8
Free fatty acids %, kg k§=100 0.18-3.40
lodine number, mg 1@ 92.0-112.0
Acid number, mg KOH ¢ 0.92-6.16

SourcgKoh et al., 2011)

Jatropha grows in many parts of Ethiopia, as a édedgund homesteads and farmlands, such as
in Wolayita, Metekel, Southern Wollo, Northern dialstern Shoa, Tigrai, Gamo Gofa zones and
Gambella region. Beemnet et al. conducted a stodffve regions namely Southern Nation
Nationalities Peoples Regional State (SNNPRS), Amagion, Tigrai region, Oromia region
and Benishangul Gumuze Regions, where Jatroploaingifabundantly. Based on their report, the
oil content of Ethiopian Jatropha populations rahigem 29.88 to 34.34% with up to 42.8-51.4%,
21.73-25.43%, 10.9-19.3% and 10.62-15.91% oleinpldic, stearic and palmitic acids
respectively (Beemnet et al, 2016). In anotherysthbd oil yield of Jatropha curcas seed cultivated
in Tigray Ethiopia was found to be 42.19% (wt/wBnfabye & Bezabh, 2015Fatty acid
composition of Ethiopian Jatropha oil compared wdifferent Jatropha oils obtained from

different countries are shown in Appendix A.
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[ Native : Belize, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama

B Exotic: Angola, Antigua and Barbuda, Argentina, Bahamas, Barbados, Benin, Bolivia, Brazil, Burkina Faso, Cambodia, Cameroon, Cape Verde, Central African Republic,
Chad, China, Colombia, Cote d'Ivoire, Cuba, Democratic Republic of Congo, Dominica, Dominican Republic, Ecuador, Egypt, Eritrea, Ethiopia, French Guiana,
Gabon, Gambia, Ghana, Grenada, Guadeloupe, Guinea, Guinea-Bissau, Haiti, India, Indonesia, Jamaica, Japan, Kenya, Laos, Liberia, Madagascar, Malawi,
Malaysia, Mali, Martinique, Mauritania, Montserrat, Mozambique, Myanmar, Namibia, Nepal, Netherlands Antilles, Nigeria, Peru, Philippines, Portugal, Puerto
Rico, Sao Tome et Principe, Sencgal, Sierra Leone, Somalia, South Africa, Sri Lanka, St Kitts and Nevis, St Lucia, St Vincent and the Grenadines, Tanzania, Thailand,
Togo, Trinidad and Tobago, Uganda, US, Venezuela, Vietnam, Virgin Islands (US), Zanzibar, Zimbabwe

Figure 2-2: The distribution of Jatropha curcas L. plants atbthe world (Silitonga et al., 2013)

2.2.2 Conventional Biodiesel Production Methods

Vegetable oils are the most widely used raw mdsef@ biodiesel production. The fact that

vegetable oils are renewable and have an energatient close to diesel fuels make them an
attractive raw material for biodiesel (Rudolph &,12804).However, there are still some problems
that hinder the use of vegetable oil for substitftpetrodiesel. The viscosity of vegetable oil is
several times higher than that of mineral diesed ttu large molecular weight and complex

chemical structure; hence they have to be modifeldring their combustion-related properties
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closer to those of mineral diesel. This fuel maxifion is mainly aimed at reducing the viscosity
to get rid of flow and combustion-related proble®siumber of methods are currently used for
biodiesel production from different feedstocks ver@ome the high viscosity of the vegetable oils
as a fuel. However, there are four primary meth@udployed for biodiesel production: dilution,

micro-emulsification, pyrolysis and transesterifica. In present, transesterification is the most

efficient method to produce biodiesel with high kijya

2.2.2.1Dilution

Vegetable oil can be used directly or blended wi#tsel fuel without any change to the engine.
Vegetable oil was proposed to be used as an diiezrta petroleum in the 1980 by Caterpillar
(Brazil). It used pre-combustion chamber engingh wimixture of 10% vegetable oil to maintain
total power without any alterations or adjustmeatthe engineAt that point, it was not practical
to substitute 100% vegetable oil for diesel fuel & blend of 20% vegetable oil and 80% mineral

diesel was successful (Agarwal, 2007).

Advantage of vegetable oil as diesel fuel includeshigh heat content, renewability, readily
availability and portability. Conversely, the majmoblems arise from the high viscosity, acid
composition, free fatty acid content, as well asidarmation due to oxidation and polymerization
during storage and combustion. In long temmgine tests injector coking, higher carbon deppsit
sticking of piston rings, and lubricating oil thexking and gelling are obvious problems(Agarwal,
2007).

2.2.2.2Micro-emulsification

A micro-emulsion can be defined as a clear andtbdynamically stable dispersion of optically
isotropic fluid microstructures with dimension geally in the 1-150 nm range, formed

spontaneously, without mechanical action, from teomally immiscible liquids. Vegetable oils

with an ester or a dispersant, or a vegetableatibhol and a surfactant could form a micro-

emulsion.

In this method low viscosity is obtained for thelfubut the fuel has lower heating value than that
of diesel, a low cetane number and lower energycandequently a lower power output and the

combustion would be done incompletely and muchaaidbeposits will come out (Gorji et al.,
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2014).0ne of the major problems reported was the difficud starting the engine even at room

temperature (Caban et al., 2013).

2.2.2.3Pyrolysis

Pyrolysis or thermal cracking is the conversionooiy chains of carbon-, hydrogen and oxygen-
containing substance into smaller molecules by meéheat in the absence of oxygen. Pyrolysis
studies were carried for more than 100 years, édpe those areas of the world that lack
deposits of petroleum. The pyrolyzed raw mategals be vegetable oils, animal fats, and natural
fatty acids or methyl esters of fatty acids (G&jhanei, 2014).

The liquid fraction obtained from the decompositidivegetable oil leads to the creation of several
groups of material such as alkanes and alkenesyatlk, the aromatics and carboxylic adide
resulting fuel from this methdaas similar chemical properties to that of diegeld. This method
has some technological shortcomings like poor théstability, presence of solids in the oils,
corrosive nature of oil, dissolved char in oil ghd production of pyrolytic water, inappropriate

amounts of ash, carbon residue and cloudy spobgspaoduct (Gorji & Ghanei, 2014).

2.2.2. 4Transesterification

In organic chemistry, transesterification is thegass of exchanging the alkoxy group of an ester
compound by another alcohol. Transesterificatidhésmost common methods used to reduce oll
viscosity in the biodiesel industry. The transa8tation process is the reaction of a triglyceride

(fat/oil) with an alcohol to form esters and glyalerA catalyst, often an acid or base, is usually

used to improve the reaction rate and yield.

In this method, the resulting biodiesel has higtame number, low emission of pollutants, and
high combustion efficiency and besides, this metleads to conserve oxygen atoms in biodiesel
molecule. However, the method requires higher cbdbwnstream processing and produce large

amount of wastewatefhe details of the process of transesterificatiendiscussed as follows.

2.2.3 Fuel Properties and Qualities of Biodiesel

The advancements of biodiesel quality are beingld@ed globally to maintain the quality of the
end product and to ensure better criteria of bemliestorage and feedstock for consumers’
confidence and successful commercialization of ilesel. Since biodiesel is produced from wide

variety of feedstocks of having different qualitiss necessary to install a standardization of fue
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quality to guarantee an engine performance withoytdifficulties.Currently, the properties and
gualities of biodiesel must adhere with the intéorel biodiesel standard specifications. These
specifications include the American Standards festihg Materials (ASTM D6751) or the
European Union (EN 14214) Standards for biodiegsl However, there are some other standards
available globally such as in Germany (DIN 51608)stria (ON) and Czech Republic (CSN)
(Atabani et al., 2012).

2.2.3.1Cetane Number (CN)

One of the most important parameters, which is idensd during the selection procedure of
methyl esters for using as biodiesel is the dinwisss cetane number (CN). It is the indication
of ignition characteristics or ability of fuel tai-ignite quickly after being injected. Higher CN
value is an indication of better ignition quality the fuel, which isshorter time between the
ignition and the initiation of fuel injection inthe combustion chambeZonversely, lower cetane
number indicates long ignition delay (long timevbetn fuel injection and start of combustion).
Cetane number increases with increasing chain Heafjfatty acids and increasing saturation
(Giakoumis, 2013)Biodiesel has usually higher cetane number tharverttional diesel fuel,
which results in higher combustion efficiency. T of biodiesel fuel, specified by ASTM D613
and EN I1SO 5165 is at least 47 and 51 min respalgtiAtabani et al., 2012).

2.2.3.2Kinematic Viscosity

Viscosity is an important property of any fiad it indicates resistance to flow of a fluid under
gravity. It therefore affects theperation of fuel injection equipmenand spray atomization,
particularly at low temperatures when the increaseiscosity affects the fluidity of the fuel.
Higher viscosity leads to a higher drag in thedtig pump and thus causes higher pressures and
injection volumes, especially at low engine op@gtiemperatureOn the contrary, significant
reduction in viscosity can result: loss of lubryaithich causes excessive wear, higher mechanical
friction which causes high heat generation andigin bnergy consumption (Isioma et al., 2013).

Viscosity is closely related to the fatty acid camspion of a given biodiesel samplearger
proportions of saturated fatty acids with longerboa chains cause kinematics viscosity to
increaseThe kinematic viscosity of biodiesel is 10-15 tingesater than that of diesel fossil fuels.

This is because of its large molecular mass amg lelnemical structur@he maximum allowable
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limit according to ASTM D445 ranges are (1.9-6.0#s)nand (3.5-5.0 mffs) in EN 1SO 3104
(Atabani et al., 2012).

2.2.3.3Specific Gravity

Specific gravity and therefore density is anoth@partant parameter of biodiesel quality. Specific
gravity of a substance is the ratio of densityhaf substance to that of density of water, which is
unit less.Fuel injection equipment operates on a volume nmgesystem, hence a higher density
for biodiesel results in the delivery of a slightfseater mass of fu@to combustion chamber it
will affect the stochiometric ratio of air to fualhich in turn negatively affect the combustion
process. The specific gravity of biodiesel rangetsvben 0.86-0.9 at P&. The standard analytical
procedure for the determination of density of béseil fuel involves the use of a standardized glass

hydrometer or an oscillating U-tube at the presatitemperature.

2.2.3.4Flash Point (FP)

Flash point of a fuel is the minimum temperaturgviich it will ignite when exposed to a flame
or a spark. It is a measure of the flammabilityfudls and thus, an important parameter for
assessing hazards during fuel transport and stoFéagh point varies inversely with the fuel's
volatility. The flash point of biodiesel (>13C) is higher than the prescribed limit of dieseldib
fuel (55-66°C), which is safe for transport, handling and ggerpurposeThe limit of flash point
ranges in ASTM D93 i5130°C and in EN ISO 3679 i8120°C (Atabani et al., 2012).

2.2.3.5Acid Value

Acid value or neutralization number is a measurenwferal acids and free fatty acids contained
in a fuel sampleFree fatty acids (FFAs) are the saturated or uret@ti monocarboxylic acids
that occur naturally in fats, oils or greases huat ot attached to glycerol backbonesgher
amount of free fatty acids leads to higher acideaiodiesel with high acid value causes increase
in fueling system deposit and increases the likelthof corrosion, consequently, it will damage
fuel pumps and fuel filters. Acid value is expresgemilligrams of KOH required to neutralize 1
g of fatty acid methyl esterf. measures the amount of unreacted acids, whictaireed in the
fuel. European specification (EN 14104) and USdzath (ASTM D664 sets to a maximum value
of 0.5 and 0.8 mg KOH/g respectively (Atabani et 2012).
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2.2.3.6lodine Number

The iodine number (IN, or iodine value 1V) is a @aeter used to indicate the degree of

unsaturation of the fuel. The higher the iodineuealthe greater the number of double bonds,
which indicates greater potential to polymerizeultasg in formation of engine deposits and
problems in storing the fuelhere is no specification in the US for the IN, wdas European
specifications (EN 14111) require that biodiesededuin compression ignition engines have a

(rather low) maximum value of IN of the order of0l&iakoumis, 2013).

2.2.3.7Cloud Point (CP), Pour Point (PP) and Cold Filter Rugging Point (CFPP)

Low temperature flow properties of biodiesel areiraportant quality criterion. This is because

partial or full solidification of the fuel may caaidlockage of the fuel lines , pumps and filters,
leading to fuel starvation, problems of startingyidg and engine damage due to inadequate
lubrication (Atabani et al., 2012; Giakoumis, 2013)

The cloud point is the temperature at which wasstatg first becomes visible when the fuel is
cooled downPour point is the lowest temperature at which tied becomes semi solid and loses
its flow characteristics being no longer pumpahlence it is a measure of the fuel gelling point.
Cloud and pour points are measured using ASTM D2&0@ D97 procedures respectively.
Generally, biodiesel has higher CP and PP comparednventional diesel (Isioma et al., 2013).
Cold filter plugging point (CFPP) refers to the fmrature at which the test filter starts to plug
due to fuel components that have started to garystallize.CFPP defines the fuels limit of
filterability, having a better correlation than atbpoint for biodiesel as well as diesel. CFPP is
measured using ASTM D6371. There is no EuropeddSspecifications for low temperature
properties (each country is free to determinewa 6mits according to local weather conditions)
(Atabani et al., 2012).

2.3Transesterification Reaction

Transesterification, also called alcoholysis, ie tkaction of an oil or fat with an alcohol in
presence of appropriate catalyst (alkali, acidyer® to produce alkyl ester and glycerin as a
valuable by-product. It is the most common wayrmdpice biodiesel. The general scheme of the

transesterification reaction is presented in Fidi
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R,CO0OCH; Catalyst HOCH; R,CO0OCH;
R;CDDC{-[ + 3CH:0H _ * HOCH + R,COOCH;
R; CDDCh; ) HCIAIH: R;COO0OCH;
Triglyceride Methanol Glycerol FAME /biodiesel

Figure 2-3: Transesterification reaction scheme: Overall reacti

The stoichiometry of the reaction suggests thatrtbkar amount of methanol needed is three times
as much as triglyceride. It is also worth notingttthe reaction is reversible, and consequently,
the triglyceride is only partially converted intd\MEs. To increase the yield of FAMEsS, more
than the stoichiometric amount of methanol is addemthe reaction system to shift the chemical
equilibrium towards the product. Generally, the maebl to oil ratio will largely exceed 3:The
transesterification reaction between triglyceridel anethanol consists of three consecutive
reactions, wherein diglyceride and monoglycerigefarmed as intermediates (figure 2-8ince
the three consecutive reactions are all reversibtgyceride, diglyceride, and monoglyceride all
exist in the reaction mixture. The excessive mathamot only increases the conversion of
triglyceride but also decreases the amount of timsemediates throughout the reaction period
(Romero et al.).

Triglycende (TG) + CH;0H —* Duglycende (DG) + CH;0R,

Diglycenide (DG) + CH;OH _——» Monoglyceride (MG) + CH;OR;

Monoglycende (MG) + CH;0H — Glycerol (GL) + CH:0R;

Figure 2-4: Transesterification reaction scheme: Stepwisesetutive and reversible reaction

2.3.1 Types of Transesterification Reactions

As with any chemical reaction, the catalyst is @uto the transesterification reaction because it
determines the reaction rate and affects the doeanst processing of FAME&enerally, non-
catalytic transesterification requires a highergemature, pressure, and methanol to oil ratio to
achieve a considerable reaction rate and oil caimer and consequently, the process requires
high energy input and expensive equipment thateamgerature, pressure and corrosion resistant.
The high production cost suggests that the norlyt&tgransesterification is not favored by
biodiesel industry. The catalytic transesterifioatireaction proceeds rapidly under mild
conditions with the aid of catalyst that substdhtibbwers the activation energy (Thanh et al.,
2012).
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In general, the catalysts that can be used forymiad biodiesel are divided into three groups:
alkaline, acidic and enzymatic. As compare to eratyercatalysts, alkaline and acidic catalysts
are more commonly used in biodiesel production. yaratic catalysts have become more
attractive since it can avoid soap formation aredgtrification process is simple to accomplish.
However, they are not commercially used becaugbeofonger reaction times and higher cost.
Alkaline and acidic catalysts are also classifréd two groups: Heterogeneous and homogeneous
catalysts (Talha & Sulaiman, 2016).

2.3.1.1Homogeneous (Alkali) Base-Catalyzed Transesterifitian

The most common basic catalysts are potassium kigdro(KOH), potassium methoxide
(KOCHg), sodium hydroxide (NaOH), sodium methoxide (NaQHand sodium ethoxide
(NaOCHCHzs) (Talha & Sulaiman, 2016).hese catalysts are commonly used because of §evera
advantages such as able to catalyze reactionétomidition, high conversion in shorter time, and
economically available. NaOH and KOH are the mashmon homogeneous base catalyst in
biodiesel production.

One of the biggest drawbacks of the alkaline catalare their sensitivity to the purity of the
reactant. They give good performance when raw naddewrith high quality (FFA < 1 wt.% and
moisture < 0.5 wt.%) are used. These catalystsreaess problem through soap formation. The
formation of soap decreases the activity of thalgat and inhibits the separation of glycerol from
the reaction mixture and the purification of FAMEtlwwater. Removal of these saponified
catalysts is technically difficult and it adds extiost to the production of biodiesel. Furthermore,
since homogeneous base catalysts mainly dissol¥ieeirglycerol and alcohol phase after the
reaction is completed, they cannot be recycledHerfollowing batches, and the crude biodiesel
must be purified by a washing process with wates ¢fenerate a large amount of waste water
(Thanh et al., 2012).

Homogeneous alkaline-catalyst transesterificati@n much faster than the acid-catalyst
transesterification and commonly used in commettiadiesel production from vegetable oils or

fats containing low FFA and water.

2.3.1.2Homogeneous Acid-Catalyzed Transesterification
The liquid acid-catalyzed transesterification pgsé not much popular as the base-catalyzed

process. Homogeneous acid catalyzed reaction igt #9000 times slower than the homogeneous
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base-catalyzed reaction (Kombe et al., 20B@wever, the performance of the acid catalyst ts no
strongly affected by the presence of FFAs in tleeléock. With starting raw materials containing
a high amount of FFA such as waste cooking, Jasr@pincas, rubber, tobacco oils, etc., an acid-
catalyst, usually a strong acid such as sulfugrdrdchloric or phosphoric acid, is more favorable

than base-catalyst because the reaction doesmotsfmap.

A great advantage with acid catalysts is that ttey directly produce bio-diesel from materials
containing a high amount of FFA. However, acid-ata require higher temperature and longer
reaction time, in addition to causing undesiredasion of the equipment. Moreover, to increase
the conversion of triglyceride, a large excess amhofimethanol, e.g., molar ratio of methanol to
oil of higher than 12:1, should be used. In pragtiherefore, to reduce the reaction time, the
process with an acid-catalyst is adapted as agatetient step only when it is necessary to convert
FFA to esters, and is followed by a base-catalgslition for the transesterification step to

transform triglyceride to esters (Thanh et al, 2012

2.3.1.3Heterogeneous Acid and Base-Catalyzed Transestedétion

Research is now being directed to the applicatibheterogeneous catalysts to overcome the
problems encountered with homogeneous catalystsiddiesel forming reactions. It is believed
that heterogeneous acid catalysts have the pdtestaternative to homogeneous acid catalysts.
Some of advantages of heterogeneous acid catatgstingensitive to FFA content, can
simultaneously conduct esterification and transétation, easily separated from the reaction
mixture, non-formation of soap that caused to l@ashing and regenerating and reusing the
catalyst is possible and also reduce the corropioblems (Sivasamy et al., 2009; Talha &
Sulaiman, 2016).

A major shortcoming of a heterogeneous catalyshpared with a homogeneous catalyst, is its
relatively low catalytic activityUnlike the homogeneous catalytic system where #aetion
occurs ubiquitously, the reaction in a heterogerseatialytic system only occurs on the surface of
the solid catalyst. Thus, the reaction rate is wuitmlly limited by the mass transfer rate of
reactants to the catalyst surface. One of theegfyab minimize mass transfer limitation could be
employing vigorous agitation and adding co-solvdrdywever, the agitation might affect the
surface structure of the catalyst and the addiioro-solvent complicates the composition of the

reaction system. Another strategy to enhance thetion rates is to increase the catalytic activity
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of the solid base catalyst. Structure promotecatalyst supports are to be used which can provide
pores for active species and more surface aretdosesterification reaction. Different types of
supports have been used in heterogeneous tranfesien. It has been stated that aluminium
oxide, zinc oxide, mordenite, bentonite and palellsictivated carbon showed favorable support
properties for alkali catalysts in biodiesel proloe (Xie & Huang, 2006; Zabeti et al.,
2009)(Intarapong et al., 2013; Soetaredjo et dl12&imilar to homogeneous catalyst, solid base-

catalysts are more active than solid acid-catafyi@tanh et al., 2012).

2.3.1.4Enzyme-Catalyzed Transesterification

Enzymatic transesterification using lipase has dragsearcher’s attention for reasons of easy
product separation, minimal wastewater generatmasy glycerol recovery, mild reaction
condition and insensitive to high FFA oil. Howevenzyme catalyzed biodiesel production has
some limitations for implementing in industrial Bcauch as prolongation of reaction time, high

cost and enzyme deactivation.

2.3.2 Process Variables Affecting Transesterification Reztion

Production of biodiesel in the process of transdtation is affected by several process

parameters/variables. The most important variaiolelside reaction temperature, molar ratio of

alcohol to oil, catalyst concentration and typecten time, alcohol type, stirring and presence of

moisture and free fatty acids (FFA).

2.3.2.1Effect of Reaction Temperature

The rate of transesterification reaction is strgngifluenced by the reaction temperature.
Depending on the type of oil used transesterificatian proceed at different temperatétdower
temperature the conversion efficiency is very lawthe temperature increases the viscosities of
oils can decrease and result in an increase itioeaate as more energy is being supplied for the
reaction to occur. Thus, the yield of the biodigsedduct is improvedHowever, the reaction
temperature must be less than the boiling poirdladhol to ensure the alcohol will not be lost
through vaporizationGenerally, alcoholysis of vegetable oils is norpabnducted near the
boiling point of the alcohakt atmospheric pressure (Koh et al., 2011).
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2.3.2.2Effect of Molar Ratio of Alcohol to Oil

One of the most important variables affecting tieddyof ester is the molar ratio of alcohol to

vegetable oil employed. The stoichiometry of themation requires 3 mol alcohol per mol
triglyceride to yield 3 mol fatty ester and 1 mblagrol. In practice, it is necessary to use exeess
alcohol because the transesterification reactiannsversible reaction in its nature. As a result,
higher amount is important to drive the reactioridiovard side and for complete conversion of
the reactant at higher raMhen 100% excess alcohol is used, the reactiongateits highest.
Higher molar ratio of alcohol to oil increase thengersion rate but leads to difficulties in the
separation of the glycerol and added useless egperike separatiobower molar ratios require

a longer time to complete the reaction. A molaorat 6:1 is normally used in industrial processes
to obtain methyl ester yields higher than 98% byghie(Agarwal, 2007; Shikha & Rita, 2012).

2.3.2.3Effect of Catalyst Concentration and Type

A catalyst is needed to improve the transestetiboareaction and yield. Catalysts are classified
as alkali, acid, or enzymes. Alkali catalysts & most effective for transesterification compared
to othersdbecause of the higher reactivity and the lower @gsdemperature required. However, if
a vegetable oil has high free fatty acid and wedetent, acid-catalyzed transesterification reactio

is suitableThe alkalis include NaOH, KOH, carbonates and apoading sodium and potassium

alkoxides such as sodium methoxide, sodium ethpsdéium propoxide and sodium butoxide.

Sodium methoxide was found to be more effectivea tRaOHbecause of the reduced amount of
water produced upon mixing sodium hydroxide withttmaeol. Due to its low cost, NaOH, has

attracted its wide use in large scale transestatiin. The alkaline catalyst concentrations in the
range of 0.5-1% by weight yield 94-99% conversibvegetable oils into esters. Further increase
in catalyst concentration does not increase thd yet it adds to the cost and makes the separatio
process more complicated because it is necessagymove it from the reaction medium at the

end.Sulfuric acid, sulfonic acids and hydrochloric aare usually used as acid catalysts (Agarwal,
2007; Koh et al., 2011).

2.3.2.4Effect of Reaction Time
Among others parameters, reaction time is one @firtiportant parameter that has a profound
effect on the FAME yield in transesterification cgan. Generally, the conversion rate increases

with reaction time.Jazie and Sinha studied the effect of reaction tfrmen 0.5 to 5hr on
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transesterification of peanut and rapeseed oilsgusiaste of animal bone as catalyidte FAME
content increased on increasing the reaction tinoma 0.5 to 5hr. However, the maximum yield
96% for rapeseed oil and 94% for peanut oil after @azie et al., 2013Rbadiah et al. produced
biodiesel from Palm oil using calcined waste anibnathe as catalyst and achieved methyl ester
conversion of 96.78% in 4 hr (Obadiah et al., 20Gt)anei et al. also reported a reaction time of
5 hr to produce biodiesel frofnod grade canola oil using CaO-impregnated cattar@mal bone

catalyst and achieved maximum conversion of 95.1&¥%anei et al., 2016).

2.3.2.5Effect of Moisture and FFA

Free fatty acids and moisture negatively affectitioeliesel yield. In the case of alkali-catalyzed
transesterification, the starting materials shongkt certain specifications. The glyceride should
have a total FFA of <1% and substantially anhydioesause water makes the reaction partially
change to saponification, which produces soap fwebdatent <0.5%) (Thanh et al, 2012).
Moisture content from the vegetable oil is remobgdheating in oven for 1 hr at 383 K. The
presence of high amount of FFA in the glycerideunexy more alkali to neutralize it, which
consumes the catalyst and reduce the effectivenfeise catalyst. Therefore, FFA and water
content should be minimal otherwise saponificasiball occur and the separation of products shall
be exceedingly difficult, and as a result, thed/ied biodiesel product would be low (Azhari et al.,
2008).

Feedstock that contains higher amount of FFA, mratinent method (such as esterification) is

required to bring to acceptable level before tratesdication was carried out (Kombe et al., 2007).

2.3.2.6Effect of Alcohol Type

Appropriate alcohols in transesterification metHod producing biodiesel can be primary or
secondary monohydric aliphatic alcohols having frbto 8 carbon atoms. Among the alcohols
that have been used to produce biodiesel are n@thethanol, propanol, isopropanol, butanol,
pentanol and amyl alcohol (Gorji & Ghanei, 2014nkwo et al.)Among which methanol is the
most commonly used alcohol in biodiesel productmajnly because of its quick reactivity with
triglycerides, availability and a relatively inexysive alcohol. For this reason biodiesel is also
called fatty acid methyl esters or "FAME" (GorjiGhanei, 2014).

The use of ethanol as solvent is becoming morelpopince this alcohol is a renewable resource

and does not raise the same toxicity concerns iiethanol. However, the same reaction using
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ethanol has a drawback that the produced ethytseare less stable and a carbon residue is
observed after reaction. In addition, methanoloisstderably easier to produce and recover than
ethanol. Ethanol forms an azeotrope with watert3s expensive to purify the ethanol during
recovery. Even though methanol is more toxic anstasmable methods of its production are
currently not economically viable and the majoafyit is formed from syngas, which is extracted
from natural gas (a non-renewable source), iteptieferred alcohol for producing biodiesel (Goriji
& Ghanei, 2014).

2.3.2.7Effect of Stirring

Stirring can play an important role in the yieldooddiesel production. Transesterification reaction
was carried out with 180, 360 and 600 revolutioas minute (rpm) and reported incomplete
reaction with 180 rpm. The yield of methyl estersvgame with 360 and 600 rpm (Shikha & Rita,
2012).

2.4Solid Base Catalyst

The most commonly used solid base catalysts aneedefrom alkaline earth metal oxides.
Alkaline earth metal commonly refers to berylliuBe], magnesium (Mg), calcium (Ca),
strontium (Sr), barium (Ba), and radium (Ra). Thmediides typically have a strong basic strength.
From Lewis theory of acids and bases, the basagth of alkaline metal oxides is in the order of
BeO < MgO < CaO < SrO < BaO < RaO (Kouzu & Hidak@12).Among all the alkaline earth
metal oxides, MgO, CaO, and SrO have been extdydasted for the transesterification reaction
because of their high activity for using in theitgb process which at low temperature and under
atmospheric pressure condition , high accessil§hityh abundancy) and relatively low production
cost (Thanh et al., 2012)(Dagmawi, 2015).

Some researchers have been focused on mesoportargahspported base catalystsimprove
the catalytic performance and increasing the yiélBiodiesel. Alumina and Zeolite have been

extensively used as a support for dispersing datatyaterial (Venkateswarulu et al., 2014).

2.4.1 Natural Source-derived Base Catalyst

In the past decade, researchers have focused indaratalysts from natural sourcether than
commercial chemicals in order to lower productiasts. Among all the natural sources Ca
containing sources has special place to biodigselyztion because of its cheapness, availability,

possibility to reusing and having various renewatgigources, such as eggshell, oyster shell,
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mollusk shell, and bone. (Farooq & Ramli, 2015).dxm these sources, animal bones tend to be
the most feasible ones because of their high amayddhere are many advantages of using
animal bones as the precursor of solid base c#galysstly, animal bones are produced in huge
guantities daily due to the large food consumptibms making the catalyst supply potentially
abundant. Secondly, the utilization of those bdaekles the disposal of wastes, alleviating the
environmental pressure. It is, therefore, both enunally and environmentally friendly to derive

solid base catalysts from waste natural bones.

Calcium phosphate (CaROis the main component of bone and can be tramsfdr to
hydroxyapatite (Ca(PQs)s(OH)2), Ca(OH} and CaO by calcination. Hydroxyapatite is highly
porous and also has a large surface area whictvalbatalyst to disperse over it largely and
effectively. Besides, it has relatively high catedyactivity, good thermal and chemical stability
(Nisar et al., 2017; Obadiah et al., 2012). far, animal bones have been used to derive GaO t
catalyze the transesterification reaction. Howethey reaction required high catalyst amount, high
methanol to oil molar ratio with longer reactiomé. All these disadvantages make animal bone
derived catalysts practically and economically utasle. Table 2-2 summarizes animal bone-

derived catalysts used for biodiesel production.

Recently, many efforts have been made to improeecttalytic performance of animal bone
derived catalysts. Ghanei et al. produce biodiesgl canola oil using CaO-impregnated calcined
animal bone. First, they calcined sheep bone iotrétal furnace at 600C for 8 hr and then
impregnated with CaO, followed by recalcinatior6@0°C for 4 hr. A FAME yield 0f95.18 %
was obtained at reaction temperature oP@Pmethanol/oil molar ratio of 12:1, catalyst loagli
of 5 wt% and reaction time of 5 hrheir catalyst also exhibited a slight improvemémtreased
surface area from.5808 /g of the calcined animal bone to 5.249%g of the final catalyst
(Ghanei et al., 2016)his study indicated that the impregnation metholtb¥ved by thermal
conversion could increase the specific area ot#telyst, which improved the catalytic activity
of calcinedanimal bone. In another study, Nisar et al. produodiesel from Jatropha oil using a
catalyst derived from animal bone. First, they icedd animal bone at 90C for 5 hr followed by
KOH impregnation on calcined animal bone. A FAMElgi of 96.1% obtained at the optimal
parametric conditions of methanol/oil molar rat#], catalyst concentration, 6 wt%, reaction

temperature, 70 + ¥ and reaction time, 3 hr (Nisar et al., 2017).
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Table 2-2: Summary of recently reported natural bone-deriadlgsts for biodiesel production

Entry | Source Calcination | Calcination| Oil type Catalyst| Molar Reaction | Reaction| FAME | Reference
material temperature) time loadings| ratio temperaturg time yield
(°C) (hr) (Wt%) (°C) (hr) (%)
1 Chicken 900 4 waste 5 15:1 65 4 89.33| (Farooq &
bones cooking Ramli,
oil 2015)
2 Waste 800 N.A. Palm oil 20 18:1 65 4 96.78 (Obadigh
animal et al,
bones 2012)
3 Goat bones 900 2 Peanut oll 94 (Jazie et
Rapeseed 18 20:1 60 4 al., 2013)
oil 96
N.A. - not available
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3. MATERIAL AND METHODS

3.1Material and Reagents

The cattle bones used in this study were colleate@astes from Burau area. Dry Jatropha curcas
L. seed was obtained from Awash Melkasa AgricultResearch Center. Methanol, potassium
hydroxide, sulfuric acid, phenolphthalein indicatbydrochloric acid, ethanol, diethyl ether and
filter paper. All the chemicals were analyticalgeat grade and obtained from different chemical
stores in Addis Ababa.

3.2Equipment

Equipment used during the experimental works agetetal furnace, Bielenberg ram press, water
bath, micropipette, three necks round bottom flaskydenser, overhead stirrer, desiccators,
crucibles, mortar and pestle, crusher, separatingdl, balance, oven, orbital shaker, differerg siz
conical and Erlenmeyer flasks, beakers, measuntigders, hot plate magnetic stirrer, rotary
evaporator, density meter, vibro viscometer, bomdbrameter GC-MS (Agilent 7890A/5975C),
FT-IR (FTIR-65, Perkin-Elmer), XRD (Miniflex 300/6@) and TGA (DSC-TGA instrument,
model: SDT Q600 V20.9 Build 20).

Mechanical extraction of Jatropha oil using Bielergoram press was done at Alternative Energy
Technology Development and Promotion Directorateksioop, Ministry of Water, Irrigation and
Electricity. Jatropha oil refining and charactetiaa, animal bone preparation, calcination,
impregnation of calcined animal bone, characteomadf the solid base catalyst such as basicity
and performance evaluation of the catalyst was dbt8rhool of Chemical and Bio Engineering
Laboratory, AAIT. The other characterization of daalyst, FT-IR and XRD analysis was done
at faculty of natural science department of chempigtrat Killo. TGA analysis of the catalyst and
GC-MS of biodiesel was done at Leather industryettgument institute (LIDI).The overall

framework of the experiment is shown in Figure 3-1.

3.3Preparation of KOH-impregnated Calcined Animal BoneCatalyst
Firstly, the discarded cattle bones collected fRBumau area were broken up into small particles.
To remove impurity and undesirable material suctiuest, meat and cartilages, the prepared bone

particles were washed sevetiatles with boiled water and then dried in a labamnaelectric oven
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at 105°C for 12 hr.After cooling them at room temperature the bondigias were then crushed

to finely to 100-500 um particle size powder insanimer mill.

The prepared bone powder was then placed in elaktfurnace using crucibles and calcined at
600 °C for 2 hr to remove the remained organic wultzesfrom the mineral substanceEhe

prepared white powder was then used as supparhfiregnation of active sites.

In order to stabilize the active site, wet impregramethod was employed. The white powder
was divided in 5 g portions and placed in sepaEatenmeyer flasks and 50 ml of potassium
containing solutions of different concentrations {8, 12, 14 and 16 wt%) was prepared by
dissolving KOH in deionized water. The preparedte/powder was then soaked with potassium
hydroxide solutions. The mixture was then agitatedn orbital shaker at 180 rpm at constant
temperature of 25 °C for 24 hr and then heatedugdadon hot plate magnetic stirrer. The obtained
precipitate dried overnight at 108 to remove water through evaporation. The dridd acaas
then milled into powder and calcined at F@for 3 hr.The prepared catalyst was placed in a
desiccator anétept in the close vessel to avoid the reaction Wi@ and humidity in air before
used.In this way KOH-impregnated calcined animal bonelyats with loading percent of 8, 10,
12, 14 and 16 wt% were prepared. Also, correspanaasignments were BI-8, BI-10, BI-12, BI-
14, and BI-16, respectivelyMoreover, the support (calcined animal bone powdethout

impregnation and pure animal bone were specifiel asd N respectively.
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3.4Screening of Catalyst

Screening of the catalytic activity of KOH-impregea calcined animal bone catalyst was carried
out to obtain catalyst with better loading. In arttecompare the performance of the catalysts, the
same reaction conditions were used for each catalydl the transesterification processes. Acid
treated oil (50 ml), methanol to oil molar ratio b1, catalyst loading of 8.5wt%, reaction
temperature of 52.9C, and 3 hr reaction time. Catalyst with high bi&agiand FAME yield was
selected for further investigation and its progsrtivere studied.

3.5Characterization of Catalyst

3.5.1 Determination of Basicity of the Catalyst

The basicity (total basic sites) of the catalysswaeasured by titration method following the
procedure reported in the literature (Intaraponglet2013). For each catalyst, 20 mg of sample
was put in a beaker containing 5 mL of 0.02 M agisddCL, and the mixture was stirred for 1 hr
at room temperature. The remaining acid was thieatéd in the presence of three drop of
phenolphthalein as indicator using 0.02 M aqueoDsilas the titranfThe titration was continued
until the end point (colorless to pink color) i€ognized. Basicity in mmol/g was calculated as

follows:

Volume of HCL * Normality of HCL — Volume of KOH * Normality of KOH

Basicity =
asicity Mass of catalyst

.31

3.5.2 Fourier Transform Infrared (FT-IR) Spectroscopy

The functional groups associated with the catalyst identified using FT-IR spectroscopy (FTIR-
65, Perkin-Elmer) equipped with KBr beam splitt€he solid samples were ground into fine
powder and mixed with potassium bromide (KBr) arrdsped.The infrared spectrum was

recorded by passing a beam of infrared light thihotlng sampleThe spectra were obtained at a
resolution of 4 cmt in the range of 4000 crito 400 cm?. The functional groups were determined

by comparing the spectra obtained with the stanglpedtrum group frequencies.

3.5.3 X-ray Diffraction (XRD) Spectroscopy
Crystalline phases of the catalyst were identifigdconducting XRD measuremenbdiniflex
300/600powder X-ray diffractometer with the Cuokradiation using an acceleration voltage of

40 kV and a current of 15 mA, over @range of 10—80at a scanning speed of°ifiin were used
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to record the XRD patterns of the catalyidte resultant intensity data was processed by using

built diffraction software Match! 3 to monitor tipeak position.

3.5.4 Thermogravimetric Analysis (TGA)

Thermal stability characteristics of the KOH-impnated calcined animal bone catalyst was
determined using Thermogravimetric analyzer (DSCGATi@strument, model: SDT Q60020.9
Build 20). The programme heating range was froomréemperature to 80 at a heating rate

of 10°C/min under a nitrogen atmosphevith a flow rate of 100 ml/min to remove all corns
gases and avoid thermoxidative degradafidre measurement was done for 77.313 mg sample.
The thermal degradation onset temperature andhénentl degradation weight loss of composites
were recorded and analyzed.

3.6Extraction and Purification of Jatropha Oil

3.6.1 Extraction of Jatropha Oil

Jatropha oil was extracted using mechanical pstefiberg ram press) (Appendix E) found in
AETDP workshop, Ministry of Water, Irrigation andeEtricity. Prior to oil extraction, seeds were
first cleaned from dust, sand, small stones anteldaa full sunlight on a black plastic sheet for
several hours. A black color mixture was obtainmedithe extraction and it is kept in closed vessel
to settle for a week. The crude oil was then ctdle after it is separated from the sediment by

simple decantation.

3.6.2 Degumming

Water degumming was done to remove hydrated phtdpsar gums to avoid rancidity (increase
in free fatty acid) and gum deposits on storageildfor long time.Initially a sample of oil was
taken and heated under stirring to M Then 3 % distilled water (which first was heated
approximately 90 °C) was added to the heated saamulekept in stirring (350 rpm) for 1 hr at
70°C and then allowed to cool to room teriijpe white-formed precipitate was separated and the
degummed oil was dried at 100 °C for 30 minuldee purified oil was then stored for further

characterization.

3.7Two-step Acid-base Catalyzed Transesterification adatropha Oil
A two-stage process was used for the transesadidit of jatropha oil, acid-catalyzed

esterification and base-catalyzed transesteriboateactionThe first step will be used to reduce
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the high free fatty acid (FFA) content of Jatroliebelow 1% by converting it into estesad in
the second step transesterified Jatropha oil (sl was produced in the presence of alcohol and

base catalyst.

3.7.1 Acid-catalyzed Esterification

The purified Jatropha oil was poured into a 50@hrée-necked round bottom flasguipped with
agitator and water-cooled condenser (Appendix B)aated to a temperature of%0 A mixture

of concentrated Qs (1 wt%) with methanol (13 wt%) (based on weightodj was heated
separately at 50C and then added to the preheated oil in the flakk. mixture was stirred
constantly at 600 rpm for 1:30 hr. After completmfrthe reaction, it was transferred to separator
funnel and allowed to settle for 2 line methanol-water mixture separated at the togr lasas
removed and the oil with lower content of FFA watle at the bottom layer. The esterified oil at
the bottom layer was collected and washed withdissilled water (about 98C) again and again
until the color of the washing water clears. Fipalhe treated oil was dried in oven at P@0for

6 hr and titrated to check the acid value. Therdist@tion reaction was continued until the FFA

content of the oil reduced below the limit (1%).

3.7.2 Base-catalyzed Transesterification of Jatropha Oll

For transesterification reaction, the same expenaileset up was used as employed for acid
pretreatment, a 500 ml three-necked round-bottaskffitted with a water-cooled condenser and
agitator (Appendix E). A known amount of catalystsafirst activated by dispersing it in a known
volume of methanol at 48C with constant stirring (500 rpm) for 40 min. Aftthe catalyst
activation, 50 ml of acid treated oil (heated taateon temperature) was added into the mixture
under vigorous stirring. The transesterificationateon was carried for 3 hr under atmospheric
pressure. After completion of the transesterifaatithe reaction mixture was cooled and the
catalyst was removed through simple filtration. Tigture was then allowed to settle for 24 hours
in a separating funnel. FAME was obtained at the layer while glycerol, excess methanol,
catalyst and any soap formed during the reacticholained at the bottom. The FAME was then
poured into a separate beaker and enter in toamyrevaporator (40 to 4%C) to remove the
remaining methanol. The FAME was then stored fathr characterizationfFor catalyst

stability/reusability test, the filtered catalysasvdried fully for reutilization.
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The yield of the transesterification reaction, whis used to evaluate catalytic performance of the
prepared heterogeneous solid base catalyst, wasndeéd by comparing weight of FAME
produced to weight of esterified oil used.

) weight of fatty acid methyl ester
Yield (%) = weight of oil used %100 . e e e e e e e e e 322

3.8Characterization of Purified Jatropha Oil and Biodiesel

3.8.1 Determination of Moisture Content

The sample was weighed and put into crucible. # thian placed in an oven at 105 The sample
was taken out in every 2 hours from the oven aadqal in the desiccator for 30 minutes to cool
and re-weighed till constant weight is obtainede Tercentage moisture content in the sample
was then calculated using the formula below:

1) W B

Moisture content, % =

Where, W1 is the weight of the sample before drying
W2 is the weight of the saengfter drying

3.8.2 Determination of Kinematic Viscosity

Viscosity of the sample was measured using Vibsrameteraccording to the test method
recommended bSTM (D445-04) (ASTM D445-04, 2004) . The samplesvkapt in the water
bath heated by thermostat until it reacheS8@OQAfter that the sample was poured in to the holde
and then tip of the vibro viscometer was insertedoi the sample and the viscosity (mpa.sec)
reading was recorded from the controller when émeperature of the sample reached@g0The

Kinematic viscosity was calculated using the foranioélow:

u=%*1m"”m_mm"m”m"mmm"m”m_mmm"m”m_mm"m”m"mm34

Where, | is dynamic viscosity, mpa.sec
v is kinematic viscosity, méfs
¢ is density, kg/rh

3.8.3 Determination of Specific Gravity and Density

Density meter was used to measure the density eofsdmple according tihe test method
recommended by ASTM (D4052-96) (ASTM D4052-96, 200he sample was injected using
syringe to the density meter and density of theptanwas recorded from density meter screen at
15°C.
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3.8.4 Determination of Saponification Value

A weighted quantity of sample (5 g) was added @r@bconical flask and 25 ml of 0.5M ethanolic
potassium hydroxide solution, which is preparediisgolving KOH pellet in 95% ethanol, was
added to the oil. A reflux condenser was connetdete flask and allowed to boil gently for one

hour while stirring.

Five drops of phenolphthalein indicator, was adtiethe warm solution and then titrated with
0.5M HCI until the pink color disappeared. The sapnecedure was followed for the blank
solution (all chemicals except oil). The sapontiiza value (SV) mgKOH/g was calculated by the
following formula:

56.1 % N x (Vb —Vs)

..3.5

Saponification value =

Where, N is concentration of Hydrochdacid
Vb is volume of HCL solri used in blank (ml)
Vs is volume of HCL solutiused in sample (ml)

w is weight in gram of galmtaken

3.8.5 Determination of Acid Value or Acid Number

Standard alcoholic potassium hydroxide solutiofh ({@0) was prepared by dissolving KOH (pellet)
with 95% v/v ethanol. The solution was filtered astred in brown bottle for five days.
Furthermore, a mixture of 95% ethanol and diethiyéein a ratio of 1 to 1 by v/v was prepared
by mixing 250 ml diethyl ether and 250 ml of ethlano

A weighted quantity of sample (2 g) was dissolved5 ml of 1 to 1 mixture of ethanol and diethyl
ether in 250 mL conical flask, 4 drops of phendhalein indicator was then added and titrated
against 0.1 N ethanolic KOH solution. The conteaswonstantly stirred until a pink color which
persisted for 15 seconds was obtaindte volume of 0.1 N ethanolic KOH (V) for the sampl
titration was notedlhe acid value in mgKOH/g was calculated by ushegfbllowing equation:

) V N *56.1
Acid value (AV) = T e e e e e 3.6

Where, V is the volume of 0.1 N ethanolic KOH dmno expressed in milliliters
N is concentration dianolic KOH

m is the mass of a d@mpgrams
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3.8.6 Determination of Ash Content

A weighted quantity of sample (20 g) was addedweayht measured crucible then, placed in the
furnace at 500C for an hour. After all organic substance burnet] placed in the desiccators till

it attain room temperature. The weight of residnatganic substance was measured. Ash content
was calculated using the following formula:

wi
Ash,% = W2 D 0O, 4

Where, W1 is the weight of the sampteradirying
W2 is the weight of the sdenipefore drying

3.8.7 Determination of lodine Value

The iodine value of the sample was determined bji’'sSMinethod (AOAC 993.20) in JIJE
analytical testing service laboratofy4gm of the sample was weighed into a conicakféasl 15

ml cyclohexane and glacial acetic acid mixture added to the test sample and swirl to dissolve
completely. Then 25 ml Wiji's solution was added awirl to mix.The flask was then stored for
1 hour at ambient temperature in the dark. Aftengletion of the reaction, the flask was removed
from the dark and 20 ml of 10% KI solution and Y&Dwater was added and gradually titrated
with 0.1N standard sodium thiosulphate £{8&s3) solution with constant and vigorous shaking
until yellow color has just disappeared. A few dyag starch indicator (1-2 ml) was added and
continued titrating until blue color has just dipapred. The volume of 0.1N sodium thiosulphate
was recordedlThe same procedure was followed for the blank swiutll chemicals except oil).
The iodine value (IVY 12/100g was calculated by the following formula:

[(Vb —Vs) * N % 12.69

Where, Vb is volume of p#Osused for blank (ml)

Vs is volume of pBaOz used for sample (ml)

lodine value (IV) = ..3.8

N is normality of b&Os solution

w is weight of sampl¢ (g

3.8.8 Determination of Higher Heating Value
The higher heating value (energy content per wnéingjty) of the sample was determined using

oxygen bomb calorimeter in Geological Survey ofi&ha analytical testing laboratory.
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3.8.9 Determination of Flash Point

A flash point of the biodiesel was determined usamgopen cup methaatcording to the test
method recommended by ASTM (D93-02) (ASTM D93-0202). A cup was filled with the
biodiesel up to a mark (about 75 ml) and was hdayealBunsen burner. A hand thermometer was
inserted into the cup to read the temperature. Allsspen flame was maintained from an external
supply of natural gas. Periodically, the flame wassed over the surface of the oil. When the flash
temperature was reached, the surface of the bmldoasight with fire. The temperature at this

moment was noted and reported as flash point teatyrer

3.8.10 Determination of Fatty Acid Composition

The fatty acid composition of sample was determinsing Gas Chromatography-Mass
Spectrometer (GC-MS) in LIDI. The analysis was perfed with Agilent 7890A/5975C GC-MS
system. Samples were injected by a sampler injedtbe data, obtained using MS-Agilent
Technologies EMS detector and processed using Ghgomssoftware, were used to obtain fatty

acid composition of sample.

3.9Experimental Design for Base-catalyzed Transesterdation Reaction

To design the experiment and to obtain suitabldiptiee model and optimum reaction conditions
of transesterification reaction using KOH-impregmhicalcined animal bone catalyst, Design
Expert software, Version 7.0.0 was used. The desigixperiment selected was response surface
method coupled with Box-Behnken Design (BBD). Tdesign consisted of seventeen randomized

experiments with five replicates at the center ptmminimize error.

The yield of fatty acid methyl esters was testeairag} three input variables, reaction temperature,
molar ratio of methanol to oil and catalyst loadifige reaction time of 3 hr and rotational speed
of 500 rpm was chosen to obtain maximum FAME yiatdatmospheric pressure based on
literature on heterogeneous alkali transesteriboatTable 3-1 shows the coded levels of the

process parameters used in the experimental diesipase-catalyzed transesterification reaction.

Selection of levels for each factor was based an literature reports. The lower level of
temperature was 40 °C since below that the reactitmis relatively slow. The upper level of
temperature, 65 °C, was limited by boiling pointneéthanol. Above this temperature the mass

transfer on the three phases interface is limitethb formation of the methanol bubblésvels
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of methanol to oil molar ratio between 8:1 and ldnt 5-12 wt% for the catalyst loading were
selected.

Table 3-1: Coded levels of the process parameters used exgrerimental design

Parameters (Factors Factor Unit Coded levels
Coding -1 0 +1
Methanol to Oil ratio| A - 8 11 14
Catalyst loading B Wit% 5 8.5 12
Reaction temperature¢ C °C 40 52.5 65

Aided by design expert software, model was fitiedhe experimental results. Adequacy of the
model was determined by evaluating the lack ot6igfficient of determination @Rand the Fisher
test value (F-value) using design expert softwaedysis of variance (ANOVA) and significance
of the model and variables were determined at S8loghility level (P<0.05).

3.10 Reaction Kinetics for Base-catalyzed Transesterifation Reaction

To determine the kinetics of the reaction, the @ffeof temperature and time were investigated.
Since the amounts of methanol used were in suffic@amount to convert the oil into FAME, thus,
the reaction equilibrium shift towards the formatf fatty acid methyl esters. Thus, the reverse
reaction could be ignored and change in conceatrati the catalyst during the course of reaction
can be assumed to be negligible. Assuming thatrémesesterification reaction is carried out in
one step, transesterification reaction rate caodb®ulated through the following equation (Birla
et al., 2012).

—d[TG
g = Cgt R ITGLIKOHT oo 39

Where, [TG] is the concentratidrirmglycerides
[ROH] is the concetiton of methanol
k' is the equilibmurate constant
This overall reaction follows a second order reactiate law. However, because of the high
methanol to oil molar ratio, the change in methamwicentration can be considered as constant
during reaction and can be considered as a pséwstioiider reaction. Therefore, the reaction rate

could be expressed as follows:
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—d|TG

Where, k is the modified reactiamstant which is equal t6. [ROHP?
| assumed that the initial triglyceride concentrativas [T(] at time t = 0, and at time t it falls
down [TG]. The integration of above equation for t = 0, [TG[[T6g] and att =t, [TG] = [TQ
gives the following equation.

IN[TGO] — IN[TGt] = Kot cev v e e s e et et et et et e e et et e ee ees een e e a2 301 1
From mass balance,

[TGol
On integration and rearrangement gives,
- ln(l - XME) - k. B re tie tee tee ven eee ee s ees ees aee e ees ves ees ee see ses nes ave see ves wes ees ans .3.13

Where, o€ is methyl ester conversion

The methyl ester conversionyX) and FAME yield were assumed to be each other as:

[TG] = [TGl(L = Xp1E) wer er eee eee eee eee eee eee een eee eve eve een eve eeeeve wee ere e ene venene v vee w2314
Yield = [FAME] TP 2 o
[TGo]
[TG] = [TGpl = [FAMET cv.cvs o oee e oo e et e eee e eee e eee e eee en een e een e ann e wen a2 3,16
Substituting 3.15 in to 3.16 gives,
[TG] = [TGol(1 = Yield) e cov cov ce et et e et e et et et e e et ee aen eae en ere e eee wee wen ene 3217

According to 3.14 and 3.17w¥% is equal to Yield.

To determine the activation energy Arrhenius equiatwill be used. The equation establishes a

relation between reaction rate constant (K), teistjpee (T) and activation energyaj&s follows.

_Ea
k =k, exp (ﬁ) VSRS RDPRPS I & o
Where kand R are frequency factor and universal gas constspectively. This equation could

be rewritten as follows.

Eq
In(k) = _ﬁ-i_ DY) e 1 L

By plotting the diagram of In (k) vs. 1/T, the sbojs equal to -ER and the intercept will be In
(ko).
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4. RESULT AND DISCUSSIONS

4.1Influence of KOH Loading on the Catalytic Activity

KOH-impregnated calcined animal bone catalysts wegpared by impregnation of KOH varying
from 8 to 16 wt% on animal bones calcined at 800ollowed by drying and calcination at 900
°C and were used to catalyze the transesterificagiaction. The reaction was carried out over the
solid base catalyst (8.5 wt%) with 11:1 methanaditanolar ratio at reaction temperature of 52.5
°C and 500 rpm stirrer speed for 3 hr, and the FANH is listed in Table 4-1, in which are also
included the basicities of the catalysts measuyetthd approximated acid titration method.

Table 4-1: Basicity and methyl ester yield for all catalyahgples

Catalyst name Basicity FAME vyield
(mmol/g) (%)
N 0.21 38.6
B 1.42 62.3
BI-8 2.58 70.0
BI-10 3.01 76.8
Bl-12 421 84.2
Bl-14 3.26 81.8
BI-16 3.14 78.6

The results shown in Table 4-1 revealed that thppeu showed less catalytic activity for the
reaction as compared to KOH-impregnated calcinechanbone catalysts where their FAME
yield exceeded 70%. In regard to basicity, when K&#s loaded on the surface of calcined animal
bone, the basicity of the catalyst increased siganitly, which indicated that catalytic activity sva

strongly dependent on the basicity of the catalyst.

Moreover, as illustrated in Table 4-1, the FAMElgieas increased with increasing the amount
of KOH loaded on calcined animal bone, accompamig¢ll the increase in the basicity of the
catalysts. A maximum conversion of 84.2% and tighdst basicity of 4.21 mmol/g were obtained
at 12 wt% KOH loading. However, further increaséhaf loading amount of KOH beyond 12 wt%
led to the decrease in the resulting basicity efdatalyst and thus caused a decrease in the FAME

yield. This was possibly due to agglomeration ef éictive KOH phase during calcination and/or

MSc Thesis 39 age



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

the covering of the basic sites by the excess K&nd,hence lower the surface area of the active
components, which leads to the reduction in catahgtivity. The optimum loading amount of 12

wt% KOH was therefore, chosen for further investaa

4.2Catalyst Characterizations

4.2.1 Fourier Transform Infrared (FT-IR) Spectroscopy
Analysis on presence of functional groups on th#ase of the catalyst was conducted using

Fourier Transform Infrared (FT-IR) spectroscopyshswn in Figure 4-1.

The FTIR spectrum of ground animal bones showedralisn bands at 3442 chand 2927 cm

1, which are attributed to the stretching vibratiobands of the O—H group associated with the
physically absorbed water (Jazie et al., 2013pddition, the absorption bands at 470-670'cm
and 1035 cr are corresponding to the O-P-O and P-O stretahibrgtions, respectivelBesides,
the characteristic absorption of C=0, the bands/é&et 1400 cm and 2000 cn indicates the
presence of carbonate (Obadiah et al., 2012; Taal, €013).For the support (Figure 4-1 (B)),
many absorption peaks are transformed due to edicm The O-H stretching vibration at 3446
cmtis reduced and that at 2927 -¢is disappeared completely. In addition, the brpedks at
1035 cm! and 470-670 crhof the pure animal bone is converted in to a fggnsity absorption
peak at 1043 crhand 575 cm for the support, respectively. For the solid bestalyst (Figure 4-

1 (BI-12)), the addition of KOH affected the stnuret of the support. The O-H stretching vibration
at 3446 crt is converted in to broad peak between 3006 amd 3500 cm. New peak at 872
cmt arises, which indicated the presence of a newtifumal group in the catalyst (K-O-P group
or compound) (Nisar et al., 2017).
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Figure 4-1: FTIR spectra of pure animal bone, support and K@plkegnated calcined animal

bone catalyst

4.2.2 X-ray Diffraction (XRD) Spectroscopy

The powdered X-ray diffraction patterns of animahé, support (B) and solid base catalyst (BI-
12) are shown in Figure 4-2. The XRD pattern ofahenal bone exhibit peaks at 24.14, 29.18
and broad peak ab2= 30-3%, the patterns indicate the presence of calciutimose bones in two

different phases of CaG{known as aragonite and calci&milar observations were reported by
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(Lesbani et al., 2015; Nisar et al., 2017). Diffrac 20 from JCPDS for calcium oxide being used
is at 32.2, 37.3, 53.8, 64.1, and &7/(Besbani et al., 2015). The XRD pattern of thepsrpor
animal bone calcined at 600 shows a present of calcium oxide at 32.24 angB8a3Additionally,
the peaks at 26.24, 40.12, 47.04, and4&@8 attributed to the presence of hydroxyapdtdedoq
& Ramli, 2015). Impregnation of KOH and subsequeitination showed a few additional peaks

on the XRD pattern of the KOH-impregnated calciaednal bone catalyshan those observed

with the support.

Animal bone

Intensity
B
3
|
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2609

Figure 4-2: XRD patterns of pure animal bone, support and Ki@dregnated calcined animal

bone catalyst

4.2.3 Thermogravimetric Analysis (TGA)

The thermal behavior of KOH-impregnated calcineiinah bone catalyst is shown in Figure 4-3.
The first weight loss at lower temperature (<260 corresponds to the loss of water in the form
of evaporation of adsorbed water from internal artérnal surfaces of the catalyhe second

weight loss in the temperature range of 200-4D0was due to the decomposition of KOH. An
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additional very small and steady weight loss is alsserved in the temperature range 5002600
This may be attributed to the decomposition ofrédual hydroxyl groups bonded to the oxide
lattice (Takase et al., 2014)he curve further shows that weight loss above ®@s almost

constant, thus confirms the completion of decontmosprocess.

100

- —BI-12

— 1 - T T T ' 1T ' T * T
100 200 300 400 500 600 700 800

Temperature (°C)

Figure 4-3: Thermal behavior of KOH-impregnated calcined anibmae catalyst

4.3Extraction and Purification of Jatropha Oil

About 12 kg of dried Jatropha curcas L. seeds weegl to extract oil using mechanical press
(Bielenberg ram press) found in AETDP workshop.rHder of oil mixture (black in color) was
obtained from the extraction. After kept a weeklzet of crude oil was obtained by decantation.
The yield of oil was 18.352% I he crude oil was further purified using degummiagemove

hydrated phosphatides or gums.
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4.4Activity Test of BI-12 Catalyst in A Two-step Acidbase Catalyzed

Transesterification

Free fatty acid and moisture content are key patensidor determining the viability of the
vegetable oil transesterification proceBsr a successful transesterification using theliakka
catalyst, the FFA value of the oil should be |ésst1%, which corresponded to the acid value of
2 mg KOHY/g oil (as of oleic acid). This avoid sdapmation, which has a potential of reducing
catalyst efficiency and consequently reducing laedi yield.To reduce the acid value of Jatropha
oil from 3.46 mg KOH/g oil to less than 2 mg KOHdj, acid-catalyzed esterification was

employed as shown below.

RCOOH + CHOH HZSQ. RCOOCH + H0
(FFA)(Methanol) (Methyl ester)

The reaction was conductatl60°C for one and half an hour with methanol to oil aratatio of
13:1 and HSOy catalyst concentration of 1%w/w of oil. It was falthat by the first acid-catalyzed
esterification the acid value of the oil was redute 1.6 mg KOH/g oil, which is suitable for

carrying the second step, base-catalyzed trangestgon.

The base-catalyzed transesterification was caotiedsing a 500 ml round-bottom flask equipped
with a reflux condenser and overhead stirrer. K@Qhpregnated calcined animal bone (Bl-12)
was used as a catalybt.order to investigate the activity of solid basgalyst (Bl-12)a series of
experiments was conducte@ihe stirrer speed and reaction time was adjustethe¢odesired

conditions.

4.4.1 RSM and Model Fitting for Base-catalyzed Transestefication

In this work, the relationship between one respofisediesel production yield) and three
independenparameters (reaction temperature, catalyst loaaimtgmethanol to oil molar ratio)

was studiedThe results from the 17-run design including thiealcand predicted values of yield
of production as well as experimental points aredANOVA are shown in Table 4-2 and Table
4-3 respectivelyAided by the Design Expert software (Version 7.0th¢ best fitting model was

fitted to the experimental results and tested ifgmiEcance.
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Table 4-2: Box-Behnken experimental design matrix, experirakeamnd estimated data for three-

level-three-factors response surface analysis

Run Methanol | Catalyst Reaction Yield (%) Residuals
to Oil ratio | loading, temperature,| Experimental Predicted
wt% °C

1 11.00 8.50 52.50 81.90 83.22 -1.32
2 8.00 5.00 52.50 82.40 81.51 0.89
3 11.00 5.00 40.00 83.50 83.59 -0.087
4 11.00 12.00 65.00 83.00 82.91 0.088
5 14.00 5.00 52.50 88.80 88.24 0.56
6 11.00 8.50 52.50 83.20 83.22 -0.020
7 11.00 8.50 52.50 82.70 83.22 -0.52
8 14.00 12.00 52.50 76.80 77.69 -0.89
9 14.00 8.50 65.00 92.80 92.00 0.80
10 8.00 8.50 40.00 69.20 70.00 -0.80
11 11.00 8.50 52.50 84.40 83.22 1.18
12 11.00 12.00 40.00 73.00 71.64 1.36
13 14.00 8.50 40.00 77.10 77.57 -0.47
14 8.00 12.00 52.50 65.00 65.56 -0.56
15 11.00 8.50 52.50 83.90 83.22 0.68
16 8.00 8.50 65.00 81.20 80.73 0.47
17 11.00 5.00 65.00 96.10 97.46 -1.36

4.4.1.1Development of Regression Model Equation

The regression model equation that correlates éeponse variable, yield of FAME, with the
transesterification process variables, in termaatbial values after excluding the insignificant
terms was given belowDiagnostics of the residuals and the differencevbeh actual and
predicted yield, indicated that no transformatisnrequired to improve the yield moddlhe
guadratic model to predict the biodiesel productygeid in terms of coded factors is given in
equation (4.1).
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FAME vyield (%)
=83.22+4.714 — 6.62B + 6.29C + 1.354B + 0.93AC — 0.65BC — 4.40A4%
2 L s N1 0 Y 2 |

Where, A= Methanol to oil molar ratio
B= Catalyst loading, wt%

C= Reaction temperatée,

4.4.1.2Model Adequacy Check

The regression model was found to be highly sigaift with the correlation coefficients of
determination of R-Squared, adjusted R-Squaredpaadicted R-Squared having a value of
0.9879, 0.9725 and 0.8655 respectively.

Figure 4-4 shows the experimental values versuprbeicted values for FAME yield using the
model equation developed. This figure indicate that model was successful in capturing the
correlation between the reaction parameters tadbponse (yieldyvith correlation coefficients
R°=0.9879. It implies that 98.79% of the total vddatin FAME yield is attributed to the
experimental variables studied.
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Predicted vs. Actual

98.00 —  Color points by value of
Yield:

I 96.1
65

89.75 —

81.50 —

Predirted

7325 —

65.00 —

65.00 7312 81.23 89.35 97.46

Actual

Figure 4-4: Predicted from model versus measured FAME yield

Fitness and significance of the model was furtimestigated with Design Expert software
analysis of variance (ANOVA) as shown in Table 4t8an also present the effects of individual
parameters and interaction of variables on theorespAs can be seen the statistical analysis of
variance revealed overall model p-value (probabbit error value) less than 0.0001 which are
very significant. On the other hand, lack of fistiag produced p-value of 0.1855 that indicates
the models well fitted to all data. The ANOVA taldéso shows that the three parameters of
methanol to oil molar ratio (A), catalyst loading) (and reaction temperature (C) were highly
significant and also quadratic term of methanabitaatio (A?) is significant to the FAME vyield
based on the p-value less than 0NJ&lues greater than 0.05 indicate the model temasat

significant.
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Table 4-3: ANOVA for response surface model

Source Sumof | Df | Mean |F-value | P-value | Remarks
Squares Square Prob > F
Model 945.64f 9 105.07 63.76 < 0.0001] Significant
A- Methanol to Oil 177.66| 1 177.66 107.81 < 0.0001] Significant
molar ratio
B- Catalyst loading 351.12 1 351.12 213.07| < 0.0001 Significant
C-Reaction 316.26| 1 316.26 191.91| < 0.0001] Significant
temperature
AB 729 1 7.29 4.42 0.0735| Not significant
AC 342| 1 3.42 2.08 0.1927| Not significant
BC 1.69| 1 1.69 1.03 0.3449| Not significant
A? 81.42| 1 81.42 49.41 0.0002| Significant
B2 138 1 1.38 0.84 0.3906| Not significant
C? 6.61 1 6.61 4.01 0.0854| Not significant
Residual 11.54 7 1.65
Lack of fit 7.67 3 2.56 2.64 0.1855| Not significant
Pure Erro 3.874 0.97
Cor Total 957.18 16

4.4.2 Effect of Process Variables on TransesterificatioReaction
4 .4.2.1Effect of Individual Factors on FAME Yield

A. Effect of molar ratio of methanol to oil

Transesterification process consists of three cise reversible reactions where triglyceride is
successively transformed into diglyceride, monogfge, and to glycerine and FAME. The molar
ratio of methanol to oil is one of the importantgraeter that affects the conversion of triglyceside
to esters. Stoichiometrically, the molar ratio tfodol to triglyceride for the transesterification
reaction is 3:1. Since the transesterification tieads reversible, excess methanol can generally
be used to improve the conversion of oil to estéfe transesterification of Jatropha oil is
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equilibrium-limited reaction. In order to overcortiee equilibrium limitation, the reaction was

conducted in excess methanol in order to favor forevard reaction, where the un-reacted
methanol could be easily separated and recyclexdughr evaporation. In the present work, the
effect of different molar ratios of methanol to wids studied and the dependence of FAME vyield
on the molar ratio of methanol to oil (8:1-14:1)cahstant catalyst loading of 8.5 wt% and 52.5

°C reaction temperature is shown in Figure 4-5.

One Factor

97 —

89 —

21 —

Yield

T3 —

65 —

8.00 9.50 11.00 12.50 14.00

A: Methanol to Qil ratio

Figure 4-5: Effect of molar ratio of methanol to oil on FAMEeld

As shown in Figure 4-5, with increasing molar ratgfanethanol to oil, resulting in an increase in
the reaction rate of transesterification of Jateophl with methanol, a high yield of FAME was
observedAs the molar ratio is high enough, the methanobgut®on is probably not the rate
determining step. Therefore, further increase itam@tio had decrease the FAME yield possibly
due to the dilution of the oil with the excess &lalp which cover active site of the catalyst (cgdal
deactivation). Hence excessive use of methanoledsed the conversion by shifting the

equilibrium in the reverse direction. Thereforee wé lower molar ratio of methanol makes the
process more economic and environmentally benign.
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B. Effect of catalyst loading

Catalyst plays an important role in transesterifacareaction. In this study, catalyst amount ia th
range of 5-12 wt% (relative to weight of Jatrophia @n FAME yield was investigated and the
results at constant methanol to oil molar ratid bfl and 52.8C reaction temperature is shown
in Figure 4-6. Increasing the amount of catalystuis the transesterification beyond 5 wt% has
no significant positive effect on FAME yield. Whiaidicate that high concentrations of alkaline
catalyst form soap in the presence of high frety &atids which results from emulsion formation
between the soap and water molecules that leddsitBAME yields.

One Factor

a7 —

89 —

81 —

Yield

73 —

65 —

5.00 675 28.50 10.25 12.00

B: Catalyst loading
Figure 4-6: Effect of catalyst loading on FAME vyield

C. Effect of reaction temperature

Figure 4-7 shows the effect of reaction temperaburéhe yield of the transesterification reaction
at constant methanol to oil molar ratio of 11:1 &6l wt% catalyst loadindt can be seen that
with increasing reaction temperature the yield§attly acid methyl ester (FAME) were increase
significantly. The low rate of reaction at lowenotion temperature could possibly be due to the
high viscosity of the oil at the lower temperatymesulting in poor mixing between the phases of
oil-methanol-catalyst.

MSc Thesis 50dage



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

One Factor
a7y —

Yield

I I I I
40.00 46.25 52.50 5875 65.00

C: Reaction temperature

Figure 4-7: Effect of reaction temperature on FAME yield

4 4.2 2Interaction Effect of Process Variables on FAME Yidd

The relationship between the parameters were ddmated clearly by plotting a-three-

dimensional graph of the predicted FAME yield witlo independent variables as shown in Figure
4-8 and Figure 4-9.

Figure 4-8 and Figure 4-9 shows the interactiorwbeh catalyst loading and molar ratio of
methanol to oil, andatalyst loading and methanol to oil molar ratioF&ME vyield respectively.
As can be seen from the figures, conversion ofooFAME initially increases by an increase in
the methanol to oil molar ratio and reaction terapge at lower concentration of catalyst.
However, at higher catalyst loading a reduction loarseen in the yield of biodiesel production.

The decrease in conversion of oil to biodiesel ighdér concentration of the catalyst can be
attributed to the soap formation during the tratesdgation.
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Figure 4-8: Interaction effect of catalyst loading and metidamil molar ratio at reaction
temperature of 52.%C, a) 3D response surface plot and b) Contour plot
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Figure 4-9: Interaction effect of catalyst loading and reattiemperature at methanol to oil

molar ratio of 11:1, a) 3D response surface plot@nContour plot
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4.4.3 Optimization of Process Variables

One of the main objectives of this study is to maxe the yield of biodiesel production from
Jatropha oil using KOH-impregnated calcined anibmale catalyst. The optimum conditions for
the three factors, i.e. molar ratio of methanoloib (A), catalyst loading (B) and reaction
temperature (C) were determined using the numeojgaimization feature of the Design Expert
software. The software generates combination adrpeters that satisfy the requirement for the
response and each of the factors. All the parasetsd response with respectively high and low
limits to satisfy the creations defined for theioptm condition are listed in Table 4-4. The
optimum conditions obtained were then evaluatethbycomposite desirability, which has a value
from O to 1, to determine the degree of satisfgodbthe optimum conditions for the ultimate goal
of responseBased on the predicted combination of parameteshasn in Table 4-5, triplicate
experiments were conducted to validate the optimanditions and FAME vyield of 96.74% was
obtained and the results are closely related \ugghdata obtained from optimization analysis using
desirability functions.

Table 4-4: Constrains for the factors and response in nuenjatimization

Parameters Ultimate goal Experimental region
Lower limit Upper limit

Methanol to oil molar ratio In range 8 14

Catalyst loading (wt%) In range 5 12

Reaction temperaturéQ) In range 40 65

FAME vyield (%) Maximize 65 96.1

The produced biodiesel was analyzed directly afégrarating from glycerol by-product without
passing through a washing step by water as ieisalse when using homogeneous cataBsised

on our results KOH-impregnated calcined animal bzatalyst has the potential to serve as a solid
base catalyst for transesterification of oils IRBMES.

Table 4-5: Results of optimization and model evaluation

Methanol to Catalyst Reaction temperature Yield (%) Desirability
oil molar ratio| loading (wt%) (°C) Predicted Measured
11.56 5.08 64.05 97.26 96.74 1.0
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4.4.4 Catalyst Reusability

Reusability/stability of the KOH-impregnated cakth animal bone catalyst in the
transesterification of Jatropha oil with methanahder the optimum reaction conditions, was
studied. The catalyst was repeatedly used fordgcies. In each cycle the used catalyst was taken
out from the reactor and dried fully for reutiliat. The results are shown in Figure 4-R@sults
indicated that no significant differences in FAMiElgs were observed between three runs. Which
is around 90%, suggesting that the catalyst washiieirand possessed activity to catalyze
transesterification for at least three timeis decay could be due to the leaching of actites s

to the reaction medideaching of active sites are due to the breakagpe@wnd with the creation of
CHs3O and K ions; this is in agreement with the results ofdsgian et al. who investigated KOH
supported on palm shell activated carbon catabystransesterification of palm oil (Baroutian et
al., 2010).

100

80
60
40 I

20

FAME YIELD (%)

CYCLE

Figure 4-10: Reusability of catalyst

4.5Physico-chemical and Fuel Properties of Purified Xaopha Oil and FAME
Table 4-6 presents the physical, chemical andgugerty of purified oil and FAME along with
ASTM D6751 and EN 14214 Standards.

It was observed that the purified Jatropha oil ¢palslen yellow color, pleasant smell and liquid

physical state at room temperature. The chemicgigsties of the oil analyzed were presented

MSc Thesis b5Hage



UTILIZATION OF WASTE ANIMAL BONE AS A HETEROGENEOUSOLID BASE
CATALYST FOR TRANSESTERIFICATION OF JATROPHA OIL

on table 4-6. The acid value 3.48KOH/gwas obtained which signifies substantial reductibn
FFA was needed for base-catalyzed transesterdicataction. The saponification value was
found to be 192.3 mgKOHY/g. Oil with a saponificativalue of 200 mgKOH/g and above is

regarded as high molecular weight fatty acid od awused in making of soaps.

Table 4-6: Physico-chemical characteristics of purified Jalw oil and FAME along with

American and European Standards

Property Test method Purified FAME FAME standards

Jatropha

oil ASTM EN

D6751 14214

Moisture content, %w/w - 0.036 0.021 - -
Specific gravity - 0.9176 0.8813 - -
Density at 15C, Kg/m? ASTM D4052 917.6 881.3 - 860-900
Kinematic Viscosity, mrils ASTM D445 39.8 3.87 1.9-6.0 3.5-5.0
Acid value, mg KOH/g oil ASTM D664 3.46 0.378§ <0.8 <0.5
Saponification value, - 192.3 - - -
mgKOH/g
Free Fatty Acid - 1.73 0.19 - -
lodine Value, g/ 1009 AOAC 993.20| 104.67 97.58 - <120
Higher heating value, MJ/Kg - 37.48 39.52 - -
Ash content, % - 0.016 0.018 - -
Flash point’C ASTM D93 - 175 >130 >101

Table 4-7 shows the GC-MS identification of majamposition for FAME produced from
Jatropha oil with KOH-impregnated calcined animahé as catalyst. The produced biodiesel
mainly consists of four fatty acid methyl estersethyl isopalmitate (C16:0) 15.73%, methyl
linoleate (C18:2) 36.20%, methyl oleate (C18:2)738b and methyl stearate (C18:0) 9.33%. Its
properties are shown in Table 4-6, which are withendescribed standard$e alkali-catalyzed
transesterification clearly reduced the viscositthe crude Jatropha Curcas L. seedfoih 39.8
mn¥/s to 3.87 mrfis, and this value was closer to that of di¢3€)68 mnd/s). The flash point
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temperature of biodiesel relates to the ignitiotheffuel, and the minimum value of this property
is required for proper safety and handling of thel.f Since the flash point of the biodieBeim
Jatropha oil with KOH-impregnated calcined animahé as catalyst was 176. which is higher
than both the American and European standards,, Tieifuel is safe for handling and storage for
some period of time. The lodine value of biodielsel measure of the average amount of
unsaturation of the biodiesel component. The reshthined in the present study indicates that the
iodine value reduced by 6.77%, but still it wash@gthan diesel (93 g1100g). The Acid value

of the biodiesel produced was found to be 0.378 @igK). The result of which indicates that acid
value of the biodiesel decreased significantly raftte two-step acid-base catalyzed
transesterification reaction. The test also indiddi.16% energy content increment was obtained
by transesterifying Jatropha oil. This is probathlye to the presence of relatively higher number
of hydrogen in fatty acid methyl ester than cruaigapha oil.

Table 4-7: GC-MS identification of major components of theguced FAME

Systematic Name Synonyms ResidenceArea | Molecular
Time (%) | Formula
(min.)

1 Pentadecanoic acid, 144 Methyl palmitate 46.353 15.73C17H3402
methyl ester

2 9,12-Octadecadienoic acigd, Methyl linoleate 48.066 36.20 C10H3402
methyl ester

3 9-Octadecenoic acid, Methyl oleate 48.126 38.73C19H3602
methyl ester

4 Methyl stearate 48.324 9.33 1003502

4.6Determination of Reaction Kinetics for Base-catalyed Transesterification

Reaction
To determine the kinetics of base-catalyzed traes@sation reaction of Jatropha oil with
methanol (11.56:1 methanol to oil molar ratio) Ire tpresence of KOH-impregnated calcined
animal bone catalyst (5.08 wt%) the temperatures of 313, 321.3, 329.6, and 38®dér the

stirring speed of 500 rpm at reaction times of,13,2and 4 hr were investigatéthble 4-8 shows
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yield/conversion (%) of oil into FAME at differetitnes intervals and temperatures using KOH-
impregnated calcined animal bone catalBstfitting the data between In(1w%) and t, a linear
relationship was obtained which supports the hygsiththat the reaction is of pseudo-first order
(Birla et al., 2012).

Table 4-8: Conversion (%) of oil into FAME at different timasd temperatures

Temp. (K 313 321.3 329.6 338
Time (h)

1 55.00 60.18 66.68 72.48

2 61.57 70.48 82.21 87.37

3 75.45 81.27 92.78 95.23

4 78.27 85.68 93.85 96.82

= 3213K
y=0.3523x+0.5591

R2=0.9902

y=0.263x+0.51435
R2=0.9478

= 313K

= 3296K " = 338K
y=0.59709x+0.5679 " —— y=0.74477x+0.6007

2.5
R2=0.9438 R2=0.9774

2.0+

Figure 4-11: Kinetics plot of -In (1-X:e) via time (t) at different temperatures (methatwobil
molar ratio = 11.56:1, catalyst loading = 5.08 wtélative to oil)
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The K and R values for each temperature are presented in BaBleAs seen in Table 4-9, the

kinetic rate constant increased with increasingéngperature.

Table 4-9: Transesterification reaction constant rate aedgfit temperatures

T(K) K, hl R?

313 0.263 0.9287
321.3 0.3523 | 0.9902
329.6 0.59709 | 0.9366
338 0.74477 | 0.9363

The activation energy of transesterification reattivas calculated using the Arrhenius equation
(Eq. 3.20). The slope and intercept of the gragtvéen In k and 1/T*19(Figure 4-12) give the
values of activation energy and frequency factdre &ctivation energy (Ea) determined from
graph was 38.55 kJ/mol and the frequency factoy \flas 7.03*10 h'. And the rate constant for
base-catalyzed transesterification reaction inpilesence of KOH-impregnated calcined animal

bone catalyst wak = 7.03 * 10° exp(— g).

—— y=-4.6377x+13.46338
R?=0.9775

-0.5 4

InK

-1.0 4

3.0 3.1 3.2
1/T*10°, k™

Figure 4-12: Arrhenius plot In k versus 1/T*20or transesterification of Jatropha oil by KOH-
impregnated calcined animal bone catalyst
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1Conclusions

A highly active solid base catalysts was synthesimewet impregnation of KOH on animal bone,
followed by calcination and used to transesteri@qaurified Jatropha oil; a non-edible oil with
methanol to biodiesel. The FFA of Jatropha oil wa&8%.which is higher than the limit (FFA of
<1%) for alkali-catalyzed transesterification. Topirove process efficiency and yield as well,
acid-catalyzed esterification reaction was condiicng sulfuric acid as catalyst to reduce FFA
content to 0.8%.

The main objective of this research was to syn#eesolid base catalyst with porous structures
and superior catalytic activity for the transedieation reactionlmpregnation of KOH varying
from 8 to 16 wt% on calcined animal bones followsddrying and calcination produced five
different catalysts. The basicity and FAME yieldadif the synthesized catalyst was determined.
Based on the result, catalyst with 12 wt% loadBigl2) was selected for further characterization
using FT-IR, XRD and TGA, and for testing the aityiwf the catalyst.

The prepared catalyst exhibited good catalytiovégtin the transesterification of Jatropha oil and
the maximum vyield (96.74%) was obtained under ogitireaction conditions of methanol to oil
molar ratio of 11.56:1, catalyst loading of 5.08wt#&action temperature of 64.95in 3 hr. Under
these optimal conditions the catalyst can be useatfleast three runs without any significant
decrease of FAME vyield. The produced FAME under tipgimal reaction conditions was
characterized and its physio-chemical and fuel @riigs were comparable to the American
(ASTM D6751) and European (EN 14214) Standards.

The reaction kinetics of BI-12 catalyzed transefstation of esterified Jatropha oil was also

carried out in order to determine the reaction catestant (k) and activation energy (Ea). Since
the variations in the methyl ester conversion veaigonential at all the studied temperature values,
therefore, a pseudo-first order kinetics for thensesterification reaction was considered. The

kinetic data can be used to optimize the processodliesel synthesis.

In summary, the study indicates that KOH-impregdatalcined animal bone catalyst (BI-12)
shows high catalytic activityTherefore, it could be utilized as potential catalipr producing

biodiesel from Jatropha oil.
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5.2Recommendations for Future Works
KOH-impregnated calcined animal bone catalyst (BJ-had proved to be effective in
transesterifying esterified Jatropha oil with meiblainto FAMEs. Some of the most important

future research works are listed below.

+ By further studying the textural properties of tagalyst such as surface area, pore volume
and pore diameter, and the surface morphologyKtEl-impregnated calcined animal
bone catalyst could be tested on reactions cathlymesolid bases, such as Michael
addition, alkene and alkyne isomerization, Knoegethaondensation and so on.

+ The issue of catalyst leaching has been found ttheemain problem in most of the
heterogeneous catalysts studied so far. Therestudies on leaching of the catalyst still
need to be carried out for its commercialization.

£ The reusability of the catalyst was moderate andréustudies need to be conducted to
enhance the reusability of the catalyst after béieated with solvents.

+ The performance of the synthesized biodiesel inpression ignition engines also needs

to tested.

Further study on improvement of the transestetifdcaprocess parameters reaction time, molar

ratio of methanol to oil and speed of stirring amgentage of FAME vyield is also suggested.
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APPENDICES

Appendix A: Composition of Jatropha Oil

Table A-1: Fatty acid profile of Ethiopian Jatropha oil comgzhwith different Jatropha oils

obtained from different countries

Fatty Beemnet et al | Mesfin Akbar et | Adebowale| Nzikou et al | Berchmans
acid (2016) in (2008) in al (2009) | and (2009) in and Hirata
SNNPRS, Bati wereda, | in Adedire Kongo (2008) in
Oromia, Ethiopia Malaysia | (2006) in | Brazzaville Indonesia
Tigray, Nigeria
Amhara and
Benishangul
Gumuze
regions,
Ethiopia
Palmitic | 10.62-15.91% | 11.23+0.46%14.2% 11.3% 16.07 + 1.53%14.1-15.3%
acid
Stearic | 10.9-19.3% 17+0.12% 7% 17% 6.03+£0.18%  38p4D.
acid
Oleic 42.8-51.4% 12.3+0.66% 44.7% 12.8% 41.39 £ 0.3834.3-45.8%
acid
Linoleic | 21.73-25.43% | 47.1+0.58 %32.8% 47.3% 35.61 £ 0.12%29.0-44.2%
acid

Source: (Beemnet et al., 2016)
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Table A-2: Main feedstocks of biodiesel

Edible oils

Non-edible oils

Animal fat

sOther sources

Soybeans (Glycine max)
Rapeseed (Brassica napus L.)
Safflower

Rice bran oil (Oryza sativum)
Barley

Sesame (Sesamum indicum L.)
Groundnut

Sorghum

Wheat

Corn

Coconut

Canola

Peanut

Sunflower (Helianthus annuus)

Palm and palm kernel (Elaeis guineens

Jatropha curcas

Mahua (Madhuca indica)
Pongamia (Pongamia pinnata)
Camelina (Camelina Sativa)

Cotton seed (Gossypium hirsutum)

Karanja or honge (Pongamia pinnata)

Cumaru

Cynara cardunculus

Abutilon muticum

Neem (Azadirachta indica)
Jojoba (Simmondsia chinensis)
Passion seed (Passiflora edulis)
Moringa (Moringa oleifera)
ipbacco seed

Rubber seed tree (Hevca brasiliensis
Salmon oil

Tall (Carnegiea gigantean)
Coffee ground (Coffea arabica)

Nagchampa (Calophyllum inophyllum

Pork lard
Beef tallow
Poultry fat
Fish oll
Chicken fat

N

Bacteria

Algae (Cyanobacteria)
Microalgae (Chlorellavulgaris
Poplar
Tarpenes
Switchgrass
Miscanthus
Latexes

Fungi

Source:(Atabani et al., 2012)
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Appendix B: Standard Specifications of Biodiesel
Table B-1: American biodiesel specifications (ASTM D6751-02)

Property Test Method| Limits Units
Flash point (closed cup) D93 130.0 min °C
Water and sediment D 2709 0.050 max % volume
Kinematic viscosity, 40°C D 445 1.9-6.0 e
Sulfated ash D 874 0.020 max % mass
Sulfur D 5453 0.05 max % mass
Copper strip corrosion D 130 No. 3 max
Cetane number D 613 47 min
Cloud point D 2500 Report °C
Carbon residue D 4530 0.050 max % mass
Acid number D 664 0.80 max mg KOH/g
Free glycerin D 6584 0.020 % mass
Total glycerin D 6584 0.240 % mass
Phosphorus content max D 4951 0.001 % mass
Distillation temperature, D 1160 360 max °C
Atmospheric equivalent
temperature, 90 % recovered

Source:(ASTM D 6751-02)

Table B-2: European biodiesel specifications (EN 14214:2008)
Property Test Method Limits Units
Density @ 15C EN 12185 860-900 kgfin
Viscosity @ 40°C EN 3104 3.5-5.0 mfrs
Flash point EN 3679 >101 °C
Cold filter plugging point EN 116 Country specific °C
Cloud point Country specific °C
Sulfur content EN 20884 <10 mg/kg
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Carbon residue EN 10370 <0.30 (10% dist. residue) w/%o
Sulfated ash EN 3987 <0.02 % wiw
Water EN 12937 <500 mg/kg
Contamination EN 12662 <24 (ma/kg)
Copper strip corrosion (3 h @ 50EN 2160 Class 1

oC)

Oxidation stability (h @116C) EN 14112 >6

Cetane number EN 5165 >51

Acid value EN 14104 <0.5 mg KOH/g
Methanol EN 14110 <0.20 % wiw
Ester content EN 14103 >96.5 % wiw
Monoglyceride EN 14105 <0.80 % wiw
Diglyceride EN 14105 <0.20 % wiw
Triglyceride EN 14105 <0.20 % wiw
Free glycerol EN 14105 <0.02 % wiw
Total glycerol EN 14105 <0.25 % wiw
lodine value EN 14111 <120

Linolenic acid ME EN 14103 <12 % wiw
Poly-unsaturated acid MEs EN 14103 <1 % wiw
Phosphorus EN 14107 <4 mg/kg
Gp I metals (Na, K) EN 14538 <5 mg/kg
Gp Il metals (Ca, Mg) EN 14538 <5 mg/kg
PAHs - % wiw
Lubricity/wear (mm @ 60C) -

Source: (Giakoumis, 2013)
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Appendix C: Experimental Result

Table C-1: Moisture content of purified Jatropha oil

Sample weight (g) Moisture | Average Moisture
Run w1l w2 (W1-W2)| Content (%) Content (%)
1 1.00 0.99958 0.00042 0.042
1.00 0.9969 0.0031 0.031 0.036
3 1.00 0.9965 0.0035 0.035

Table C-2: Ash content of purified Jatropha oil

Sample weight (g) Ash Average ash
Run w1l W2 Content (%) Content (%)
0.0052 20.00 0.026
2 0.0022 20.00 0.011 0.016
3 0.0022 20.00 0.011

Table C-3: Acid Value of purified Jatropha oil and FAME

Type of Sample L Result 2d Result Average Color changg
Purified Jatropha oil| 3.84 3.08 3.46 Gray to Pink
FAME 0.41 0.346 0.378 Gray to Pink

A1%
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Table C-4: Catalyst screening

No Catalyst | Catalyst Measurement of basicity FAME

name weight Initial Final Volume Basicity yield

(9) volume of volume of | difference | (mmol/g) (%)

titrant titrant (ml)
(mli) (mli)

1 N 0.02 250 245.21 4.79 0.21 38.6
2 B 0.02 250 246.42 3.58 1.42 62.3
3 BI-8 0.02 250 247.58 2.42 2.58 70.0
4 BI-10 0.02 250 248.01 1.99 3.01 76.8
5 BI-12 0.02 250 249.21 0.79 4.21 84.2
6 Bl-14 0.02 250 248.26 1.74 3.26 81.8
7 BI-16 0.02 250 248.14 1.86 3.14 78.6

Table C-5: Experimental Processes Conditions for Transesiatidn process

Factors Run #1 Run #2 Run #3
Methanol to Oil ratio| 11 23.01mI8 16.74ml 11 23.01ml
Catalyst loading 8.5 3.89¢g 5 2.29¢9 5 2.29¢9
Reaction temperature  52.562.50c | 52.50 52.5@ 40 40c

Run #4 Run #5 Run #6
Methanol to Oil ratio| 11 23.01ml14 29.29ml 11 23.01ml
Catalyst loading 12 5.50g 5 2.29¢9 8.5 3.89g
Reaction temperature 65 %5 52.50 52.5@ 52.50 52.5T

Run #7 Run #8 Run #9
Methanol to Oil ratio| 11 23.01ml14 29.29ml 14 29.29ml
Catalyst loading 8.5 3.89¢g 12 5.50¢g 8.5 3.89g
Reaction temperature  52.562.50c | 52.50 52.5@ 65 65c

Run #10 Run #11 Run #12
Methanol to Oil ratio 16.74ml11 23.01ml 11 23.01ml
Catalyst loading 8.5 3.89¢ 8.5 3.89¢ 12 5.50¢g
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Reaction temperature 40 %0 52.50 52.5@ 40 40c

Run #13 Run #14 Run #15
Methanol to Oil ratio| 14 29.29mI8 16.74ml 11 23.01ml
Catalyst loading 8.5 3.89¢ 12 5.509g 8.5 3.89¢
Reaction temperature 40 %0 52.50 52.5@ 52.50 52.5@

Run #16 Run #17 Optimum condition
Methanol to Oil ratio| 8 16.74mi11 23.01ml 11.56 24.19mi
Catalyst loading 8.5 3.89¢ 5 2.299 5.08 2.339g
Reaction temperature 65 %5 65 63c 64.05 64.0%C

Appendix D: Experimental Method Calculations

D-1: Feed material requirement

Methanol to oil molar ratio and catalyst to oil glei ratio need to be specified in equivalent term

as of the volume of oil.

¢+ Calculation of Molecular weight of Oil

Molecular weight of Jatropha oil was determinedrfrits acid value and saponification value

using the following formula:

_56.1%1000 * 3
S V-AV

Where, S.8aponification Value

A.V- Acid value

56.1x1000%3

Molecular weight of purified Jatropha Oil = 192.3-3.46

= 891.2g/mol
¢+ Methanol to oil molar ratio calculation
The following basic formula works for all cases:

number of mole of methanol

Methanol to oil molar ratio =
number of mole of oil

Given mass

Number of mole =
Molecular mass

Mass

Density = Volume
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Substitute Number of mole and Density in to methémoil molar ratio equation:

Density = Volume
( Molecular mass )Of methanol
Density * Volume _

( Molecular mass )Of oil

Methanol to oil molar ratio =

Then, solving for Volume of methanol:

Density * Volume
( Molecular mass )"f methanol

(Density * Volume

Volume of methaol = (methanol oil ratio) *
Molecular mass >0f oil

Where, Density of methanolF&g/ml
Molecular magsnethanol=32.04g/mol
Density of dil-9176g/ml
Volume of oilgl
Molecular magil=891.2g/mol

/7

+» Catalyst to oil weight ratio calculation
As it was cited before, from Density and Volumef mass of Oil can easily be calculated.
Mass of catalyst was calculated as follow:

Mass of catalyst

Catalyst ght =
aratyst welg Mass of oil

Then,

Mass of catalyst = Catalyst weight * mass of oil

D-2: Purification of Crude Jatropha Oil (Degumming)

It is the removal of phosphatides, gums and otberptex compounds from crude Jatropha oil.

Hence, based on the method discussed in previape3 wt% of distilled water is required for
degumming process of crude oil.

Amount of distilled water required = amount of Jatropha oil X 3%
= 2.4liter * 0.03
= 0.072 liter =72 ml
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Appendix D: Fourier Transform Infrared Spectroscopy (FT-IR) Correlation Table

Type of Vibration causing IR absorption Absorption | Intensity
Ranges cmt
C-H Alkanes (stretch) Alkanes Alkanes(stretch)
(stretch
-CH3 (bend -CH3 (bend -CH3 (bend
-CH2- (bend -CH2- (ben¢) | -CH2- (bend
Alkenes (stretch) Alkenes Alkenes (stretch
(stretch
(out-of-plane benc 100(-65C Strong
Aromatics (stretch) 315(-3050 Strong
(out-of-plane benc 90(-690 Strong
Alkyne (stretch ~330( Strong
Aldehyde 290(-280C wealk
280(-270C weak
C-C Alkane not interpretatively use
C=C Alkene 168(-160C mediun
Aromatic 1600 and 147 | Wealk
C=C Alkyne 225(-210( mediun
C=C Aldehyde 174(C-172C Stronc
Ketone 1725-170¢ Strong
Carboxylic Acic 1725-170C Strong
Este 175(-173( Strong
Amide 167(-164( Strong
Anhydride 1810 and 17€ | Strong
Acid Chloride 180( Strong
C-O Alcohols, Ethers, Esters, Carboxylic Acids, | 1300-1000 Strong
Anhydrides
O-H Alcohols, Pheno
Free 365(-360( Medium
H-bonde 350(-320C Medium
Carboxylic Acid: 340(-240C Mediunr
N-H Primary and Secondary Amines and Am
(stretch 350(-310C Mediunr
(bend 164(-155C Strong
C-N Amines 135(-100C Medium
C=N Imines ind Oxime: 169(-164( Weal
C=N Nitriles 226(-224( Medium
X=C=Y | Allenes, Ketenes, Isocyanates, Isothiocyar | 227(-195( Strong
N=0 Nitro (R-NOy) 1550 and 13£ | Strong
S-H Mercaptan 255( Weal
S=C Sulfoxide: 105(C Strong
Sulfones, Sulfonyl Chlorides, Sulfates, 1375-1300 and Strong
Sulfonamide 120(-114(
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Appendix E: Laboratory Equipment and Samples Photos

Electric Furnace FT-IR Instrument

Density meter
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Size reducing equipment
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Animal bone

Bone powder

Support (white powder)

KOH-impregnated calcined bone catalyst
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Over head siver B

‘ater cooled

condenser

Result of base-catalyzed Transesterification

Result of acid-catalyzed Esterification
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