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ABSTRACT

With an average carbon numbers ranging from 1@2ta2sel
fuel is a combination of hydrocarbons.[1]

During cold temperatures, large wax crystal lafticegin to
solidify, leading to a phenomenon named as dieszgldelling [2]
This may lead to several problems. The lower thepterature, the
harder the vaporization of the diesel oil and dmgker the start delay
of the engine [3]. This problem needs to be sottaedugh cold flow
additive improvers.

This experimental analysis has for fundamental gofaid out
how the sunflower oil waste can be utilized as @-duditive to
implement the cold temperature properties of thedPdiesel. This is
achieved through the treatment of sunflower oilwwagath acetone,
before extracting the acid present through disiolla The Free Fatty
Acid (FFA)was determined using a pipette. UsingH&s a catalyst
and ethanol as an alcohol, biodiesel was obtairfedugh
transesterification with a temperature ranging leetw50 to 60
degrees Celsius.

The ester obtain was later mixed with the Petraeliel he
CFPP, CPP and lubrication ability of this mixturasranalyzed and
compared with the initial Petro-diesel. Also, sdRespectra of the
mixture were determined.

From the result received it can be said that thetune of
additives and diesel fuel obtained has a gooddaban and filtration
ability.
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INTRODUCTION

During winter time, some properties of petro-dieaet
affected. Formation of wax (paraffin) can be obsdr\ his may have
led to problem such as diesel tank clogging. Russig roduction is
nearly solely and stressed from the problem of fiiar@rmation
[4]. Thermal, chemical or mechanical method can keful for
paraffin moderation.

Due to its higher cetane number, biodiesel (monolatkers)
improves the ignition quality even ifit is blendedh mineral diesel.
It has better lubricant properties than diesel flielan be used as an
additive in petro-diesel.

This proposed study strives to improve the coldpproes of
petro-diesel witlradditives based on vegetable oil production waste
such as sunflower. Through transesterificationggters would be
obtained and later mixed with the initial petrosgikto improve its
cold properties. An Infra-Red spectroscopy wouldleto endorse
the chemical quality of some samples.

1.1 Historical evolution of diesel and biodiesel

The diesel engine was invented in the 1890s byGé&@nan
engineer Rudolf Diesel [5]. From the outset thediengine had one
advantage over its petrol counterpartin thatdt tiree capacity to run
on fuels derived from a variety of sources, inahgvegetable oil.
Indeed, at the Paris Exposition of 1900 a diesginenrunning on
peanut oil was exhibited [5].

Modern biodiesel fuel is an outcome of researcldooted in
1930s in Belgium, which is made by converting vabét oils into
compounds called fatty acid methyl esters [6].

The European biodiesel industry was launched arthalte
19809[5].

Pacific Biodiesel became one of the first biodigdahts in the
United States in 1996, establishing a biodiesetipcbion operation
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to recycle used cooking oil into biodiesel on tekamd Maui in
Hawaii [6].

1.2 Aims and objectives

The main aim of the present studyis to preducdiesel(as
an additive) through transesterification proaesisag low-value
triglyceride resources such as waste edible &i&sdunflower in the
presence of KOH as the alkali catalyst and aethasthe alcohol
reagent.

It also has for objectives to assess the yield purity
performance from waste sunflower with KOH during
transesterification process. Mixing the additiveéaobed with the
initial diesel to improved its cold properties.

1.3 Scope

-Extracting the acid presentin the sunflower wakteugh
vacuum distillation

-Determining the rate of the fatty present

-Determining the amount of catalyst (KOH) neededirdy
each experiment

-Analyzing the influence of catalyst concentratoryield and
purity of biodiesel using batch transesterificafiwncess

-Observing the effect of molar ratio

Analyzing the effect of the flow rate and residetice

-Observing the effect of reaction temperature adesel

-Determining the cold properties of the additivertzled with
diesel oll

-Comparing the results obtained with the initiairpediesel.



2.0 Literature review

2.1.1 Wax in diesel fuel

Wax seems brown in color and cloudy in appearanced
low temperature. It is less dense than oil. Waxagd aging gel are
2 main steps in wax formation[7].When wax gel seemyse mature
in size and its hardness hasrisen in term of yy&lis mentioned as
aging. There are more than 15 atoms of carbon nuafparaffinic
molecules in wax[4].

Nuclei are unstable clusters and may be obtainedhby
dissolution of the clusters when its expected $ias not been
reached. Gravity settling is one of the mechanis®eduin wax
formation .Molecular diffusion, shear dispersionp®nian diffusion
are additional kinds of mechanism|[8]

Some parameters influencing wax formation aredists follow:

-Melting point

-Pour point

-Wax Appearance Temperature (WAT) or Cloud Point

-Pressure

-Oil composition

-Water oil ratio

-Flow rate

2.1.2 Cold flow properties of diesel fuel

Cloud Point (CPJs the temperature at which wax crystal is
observed. Diesel fuel has usually a CP fallinghiminterval of 10 to
20 °C [9]. Below Cloud Point, it can be noticed that wagry be
damageable [10]. Some of ASTM Standards used &rméte the
CP are:

-ASTM D5771-02

-ASTM D5772-02

-ASTM D5773-02

-ASTM D2500



Pour Point (PP) is the lowest temperature at whiic
becomes fluid. The diesel fuel viscosity is linkedts Pour Point. A
low viscosity has for result a high Pour Point. Hwer, a sudden
rise up of the oil viscosity can be justify by tipgesence of
asphaltenes in the oil, formed as a result of é¢naclrocess.
Asphaltenes have the capacity to retain wax crystauspension,
which may later lead to a lesser PP. In the caseRyifASTM
standards method such as ASTM D5949-02, ASTM D@'beaised
to determine the pour point.

Cold filter plugging point (CFPP) is the temperatat which
fuel filters plug.ASTM standard test method sucA&3 M D6371,
can be usedto find the CFPP of diesel fuel.

Low temperature flow test (LTFT) is an indicative low
temperature flow performance of test diesel oil. AB3tandard such
as ASTM D453903can beusedto find the LTFT.

2.1.3 Types of additives used for diesel oll

Additive [11]is the term use to describe a maté¢hiat has the
ability to influence the properties of the fuel. ditives [11] are
generally used to develop the fuel properties. Theynot form
naturally and a low quantity of it are blended wdibsel fuel [12]

Cold flow improvers are mostly vinyl ester co-polgrslike
ethylene vinyl acetate (EVA) [13].A percentageifalbetween 20
to 30 percent of Ethylene Vinyl Acetate is the citgfrequently use
[9]. Studies showed that the higher the EVA in the tinel Jower the
WAT.This will prevent the wax of being crystalliz§#4].It is the
type of cold flow improver mostly use, especiatiydlaska. Olefin-
ester copolymers can also be combined with EVA.[C4Id flow
improver is frequently use during pre-combustion.

This additive has for aims to :

-Prevent the settlement of big steady lattice

-Modifying the size and shapes from plate- lik@édle-like
as an antisettling.



However, it has a limitation such as the settlemaht
precipitated crystal growth at the lowest parba&ftank.

Cetane improvers are principally alkyl nitrateslsas 2-Ethyl
Hexyl Nitrate (2-EHN) [15] .Peroxides like tertialytyl peroxide
can also be used but it is less cost effective dilayl nitrates. By
adding a cetane improver to the oil, the cetanebarman be boost
from 5 to 10 marks. These types of additives are dsring
combustion.

The objectives ofthis type of additives are:

-To provide a cost-effective increase in diesehetquality
which will result in reducingignition delay.

- Toimprove cold start

- To minimize engine noise

- To minimize oil consumption

Cetane improvers may have some negative aspettgastice
presence of nitrogen in its composition that cad kw an increase of
nitrogen in diesel fuel [16].Polyethers and di-tydyeroxide ae
types of nitrogen-free cetane improvers. Sincetigine of the diesel
power plant has been maintaininside, itis noi@ho use a cetane
improver for diesel power plant because of thepgoabability of cold
start [3]

Ethylene Glycol Mono Methyl Ether (EGME) [17]or
Diethylene Glycol Mono Methyl Ether (DIEGME) [15]atypes of
Glycol ethers usein diesel fuel as deicers. Itfbagbjectives to:

-Lower the gelling point ofthe water below thectblter plug
point (CFPP) of diesel ol

-Preventice crystals from plugging the fuel filter

Stabilizers:Cyclic amines are frequently used aselifuel.
Stabilizes Antioxidants are found in several siabik. As a remedial
to initiation of unwanted reactions, it forms a dawith free radical
in fuel. It may be difficult to establish the nesitg of stabilizers [4]
in diesel fuel due to the fact that it stabilityyhiverge from one fuel
to another.

Stabilizer [4] have for objectives to:



- Diminish plugging and filter deposit

- Diminish the ability for injection and pumping stgm
component sticking.

Demulsifiers and dehazers: with low temperaturéenaan be
formed in diesel fuel which may lead to the estdirhent of some
contaminants in the fuel. It can influence the pariance of the
engine. Demulsifiers [2] aim to prevent the forroatf water based
emulsion [16]. They favor the settlement and tineaeal of water at
the lowest part of the tank.

They are complex mixtures of a wide variety of aiidate
(Hancsok, S.P.Srivastara Jeno, 2014) chemistrieaposing
phenolic resins, esters, polyamines, sulphonatesaloohols
(methanol may have some side effect on diesel fuklgh have a
reaction with ethylene or propylene oxide.

Lubricity improvers : they are surface active conns,
consisting of an active polar head group Oleic dowbleic acid,a
linolenic acid are examples of lubricity improvigs Those types of
additives have for role the restoration lubrictigt.

Corrosion inhibitors : Alkyl-succinates, carboxydicids salts,
dimer acids and amines salts are varieties of scwnanhibitors.It
prevents corrosive effects of water on fuel harglBystems and
components.

2.2.0 Properties of biodiesel

This fuel has similar properties to fossil dieset tb is much
better than the latter [6]. Biodiesel poses fewatual dangers than
diesel. This plant or animal-based fuel burns veean and is
biodegradable and non-toxic. Furthermore, it doest ppse any
danger when it evaporates. When biodiesel burmslgases fewer
pollutants. Also, the combustion outlet does nottam aromatic and
Sulphur compounds.
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2.2.1 Pour point

It is the temperature at which biodiesel solidifies [18] @ad
no longer be pumped. Fuel with lower pour pointtlitihhe use in cold
environment.

2.2.2 Flash point

It is the minimum temperature at which biodies&kegi off
sufficient vapors which can be mixed with air anidl wgnite [[20
1,[18]]. Biodiesel has an average flash point 8 °C [20].1t is used
as a directive for safety precautions in fuel hargpthnd storage.

2.2.3Viscosity

Biodiesel has its viscosity often by a factor obtlwgher than
petro-diesel [21] The percentage of biodiesel is linked to its
viscosity. The viscosity of biodiesel can incredse to the chain
length of the alcohol or the fatty acid.

2.2.4 Acid number

The acid number is a parameter that informs thetjtyaof
free fatty acids and of acids originating from deetation reactions of
biodiesel. The ASTM D 6751 biodiesel acid-number limit was
synchronized with the European biodiesel value .800in 2006
[22]. ASTM D 664 is the standard reference methordrieasuring
the acid number of both ASTM biodiesel and petnolederived
diesel [[4],[20],[22]].

2.2.5Calorific value

The calorific value of biodiesel is about 37.27 kijlit plays
a major role in the fuel consumption, exhaust eilmrsand thermal
efficiency.
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2.2.6 Cetane number

It is the measures of ignition delay [3]. A higiciease of
cetane number leads to a short ignition delayda{ane numbers can
be measured method by the Cooperative Fuel Resd¢@feR)
Committee which is a scheme acquired in 1930s, ket
standardized as ASTM D613 [20].Biodiesel has itamme number
usually greater than diesel fuel [1The cetane number of biodiesels
is generally varying between 45 and 70, as comparé@ and 52 for
typical petroleum diesel fuels [17].

2.2.7Density

Density is the mass per unit volume of a substf8jelt can
influence the mass flow rate of biodiesel.

2.3 Types of feedstocks use in biodiesel production

Oils and fats, known as lipids, are hydrophobicstahces
insoluble in water and are of animal or vegetagjiori[24],[20]].
They differ in their physical states at room tengiare. From a
chemical viewpoint, lipids are fatty glycerol estéknown as
triglycerides [[25],[10]].

The biodieselis classified as first, second amd theneration
depending on the material, its properties, thefeety acids content
[26]. The first-generation biodiesisl mainly obtained from edible
oils like corn, rice, sorghum, canola, peanut,gaha, mahua,
Karanja, tobacco and sunflower oil [[26],[24]]. the developing
countries where food security is one of the magoroern, instead of
edible oils, biodiesel production can be done witter low cost feed
stock [26]. The vegetable oil has advantages th#tiat it can be
mixed with Petro-diesel and used for ignition eregiand causes less
pollution.

It has also benefitted that it is portable, eaairailable, and
renewable has high energy content. Butit is higidgous in nature,
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costly and less volatile [[26],[21]]. The secondgeation biodiesel
Is produced with the help of non-edible oils aneldusooking oils and
waste animal fats such as beef tallow, pork lasti,dil and poultry
fat [27].Non edible oil crops are grown in waste laaed have low
cultivation cost and can grow in adverse climat@nditions
[[28],[10],[29]]. The non-edible crops solve the gbtem of
competition for food resources, results in lot aluable byproducts
and considerably economical [29]. These sources ticawback that
they have higher acidity and high fatty acids caht& he biodiesel
produced from sources waste oil from refinenesste grease oil
forms the third-generation biodiesel [29]. By degieg on these
resources, addresses the issue of disposing tte aad improving
the environmental impact.

2.4 Alcohol use in biodiesel production

Alcohols that can be used in biodiesel productimthose
with short chains, including methanol, ethanoldamat, and amylic
alcohol [[12][30]]. The alcohol used for biodiesel production is until
now almost entirely methanol. Methanol is a largaks synthetic
intermediate obtained from methane processing aaithdle at 100
300 Euroft. It is also possible to use anhydrobambl, which is
commonly used as a gasoline additive with envirorahe
advantages.

However, a comparison of both alcohols in the leedi
production has shown that the use of ethanol idstéenethanol is
3-4 times more expensive [29] . This effect is aogrfrom the actual
price as well as the molar weight differences. Mgz, ethanol
forms an azeotrope with water, which makes its veogp and
recycling after transesterification even more exgpan[31]
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2.5 Catalysts use in biodiesel production

A catalystis a substance that increases the chénaaction
rate without being consumed by the reaction i{2dlf. Theoretically,
the catalystis practically consumed in one stagkeragenerated at a
later stage, and this operation is continuouslyeaged without
imposing a permanent change on the catalyst. Aaogisd the
catalyst in a given reaction can be recycled ungbdmt the end of
the reaction [24]. Catalysts change the speedcbtanical reaction
that can be thermodynamically carried out [20]. iEfi@re, they
cannot perform reactions that are not thermodyralipiteasible.
Basically, a catalystis considered a chemical coumd capable of
applying an accelerating effect on the reactioa aatd a directional
effect on the reaction progression which is therynadhic in nature
[[24].[12]].

In a reversible reaction, the catalyst evenly a$f¢lae rate of
forward and backward reactions. Therefore, theligiuim constant
of the reaction is the same whether in the presehaecatalyst or
without it. When there are several mechanisms al&l for the
reaction, the catalyst must be selected. In priaeciihe catalyst
should increase the ratio of the desired mateoidhe unwanted
material [[24],[31]]. Although ideally catalystsmain unchanged
during the reaction, this is inaccurate in pracsoece the catalyst
itself is a reactive substance that undergoesersgvie p hysical and
chemical changes during the reaction, reduciraatigy to function
[24]. Over time, this reality may be vividly obsedssince the catalyst
enters into billions of reactions. In general, thtalysts used in the
transesterification of vegetable oils and animts &an be classified
into three groups homogeneous, heterogeneous and enzymes [24

The homogeneous catalysts can be divided into &egories,
alkalis and ads [24]. The most common alkali catalysts are
potassium hydroxide, potassium methoxide, sodiudrénide and
sodium methoxide. Alternately, the acid catalystdude products
like sulphuric acid, hydrochloric acid and sulp leancid [24].
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The other group is formed by heterogeneous catalytst
includes enzymes, titanium silicates, alkalinetearinetal
compounds, anion exchange resins and guanadirgapeneisated
on organic polymer4].

A third option is also available, it is using sugréical
methanol [24]. In this case, no catalyst is neebedl, on the other
hand, high temperature and high-pressure conditions

2.6 Types of biodiesel production

Although there are many standard methods for bsmtlie
production, it seems that the most common waydalyce biodiesel
Is through transesterification [[27],[33]This process involves a
catalyzed chemical reaction including vegetabkromal oil and an
alcohol for the production of fatty acid alkyl esti¢biodiesel) and
glycerin [10].

2.6.1 Pyrolysis

It is the decomposition of biomass (organic mateg) higher
temperature in the inert atmosphere to produceadiaul, gas
products and bio-char [[23],[32]]. It is one of tbemmonly used
method for converting the waste materials intouigefoducts. The
fuel produced has the properties it can be stonedteansported
economically. The biodiesel has almost the sinulaperties when
compared with diesel fuel. It can be used for costibn process or
can be modified into liquid transport fuels. Tigrolysis process has
the following drawbacks [23].

The bio-oil has properties like lower heating valless
volatility, instability that does not satisfy thegperties of standard
petroleum fuel properties. These are due to thegmae of some
unwanted chemical compounds. The elimination of gexy is
required to improve the properties of bio-oil amh ®e done using
hydrotreating and catalytic cracking [[20],[24]]. y#rotreating
employs hydrogen for removing oxygen in the watent, while
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catalytic cracking uses catalystto remove oxy@&.[It is difficult
to find out the main product from the pyrolysis base the process
is dependent on the experimental conditions sugiapsr residence
time, temperature of the reaction and the heatest

The process has main three products liquid oiids@sidue
and incondensable gases.

Therefore, these experimental conditions have tuplvenized
to obtain the desired product.

2.6.2 Reactive Distillation

It is a process in which the chemical reaction #redproduct
separation occur together in the same unit [3@.deneficial for the
reactionswhere one of the reactants is presentciess or when one
of the products has to be removed for the compietiohe reaction.
The process does not require any post-processpeyason and
purification steps. It reduces the number of precests and thus
decreasingthe cost of the process.

2.6.3 Reactive Extraction

The conventional methods for biodiesel productiovoive
various steps such as extracting oil, purificabbnhe oil and the
transesterification process [[25],[20]]. These stiepm a major part
of the biodiesel production cost. Thus, there reguirement for a
method which extracts the oil and also the oil igjscted to
transesterification process.

In this method oil-containing material is treatedhmalcohol,
so that extraction and transesterification steps earried out
together.

Depending on the type of catalyst, the reactionaetibn can
be chemical or enzymatic type transesterification][ZPhus, the
processreduces the number of steps and the dibs jpfocess.
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2.6.4Microwave process

Microwave is a type of electromagnetic irradiatioith
wavelength varying from 0.01 to 1 m and frequemcthie range of
0.3t0 300 GHz [24]. These are non-ionizing radragihaving lower
energy content that does not ionize the atomdanistead affects the
molecular motion without changing the structuredtelerates the
chemical reactions and delivers the required en&rglye reactants
presentin the system [24]. The reactants pres@ht as feed oill,
alcohol and the catalyst contain polar as wellaasci components
and these components absorb the microwave enehgy, The heat
transfer is more efficient when compared to the vemtional
methods.

Because in conventional methods transfer of enasgy
dependent on convection and thermal conductivithefsystem. It
results in friction between the molecules and beatgy is produced.
The process does not require samples free of whterreaction is
carried out in a short period of time.

The process requires internal mixing of the comptne
because the microwaves may not reach to the higieth and
uniform mixing may not possible [[24],[30]Thus, the system has to
be modified and modification in the experimentdlgehas to be
done for reaching the target of biodiesel yieldh#ts also mass
transfer limitations and the localized superheatmas to be
minimized.

2.6.5 Supercritical Method

A pure substance has a critical point betweendbegd liquid
[24]. There is formation of high-density fluid (superncal fluid)
above the critical pointand cannot be subjectedmlensation even
after increasing temperature or pressureg5][31]]. In the
supercritical state, the various properties suchdasociatio
constant, dielectric constant, specific gravitylgoity and viscosity
changes drastically with respect to temperaturegedsure [24]
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These properties are beneficial for the reactionslved in biodiesel
production. The supercritical technique uses thlwesd in the
supercritical condition i.e., at the critical tenngieire and pressure.

The drawbacks found in the catalytic transestatifn
process like by-products formed, wastewater geadraigh enzyme
cost can be eliminated. The separation and p uiiicaf the product
is simpler and it requires no catalyst[24]. Byngshe components
in supercritical state, homogeneous phase is formwadch
accelerates the transesterification reaction withsing any catalyst
[33]. In the homogeneous phase, his gas-liquidriate can be
eliminated and the diffusivity of the components te increased.
The reaction happens at relatively higher tempegatnd pressure.
Thereforeco-solvent which has critical point lesser than thlgant
in the reaction mixture and the co-solvent decretisecritical p oint
of the solution [33].

Thus, the reaction can be conducted at a modeyatition
and the solubility of the oil and alcohol can bereased. The
reaction can be completed faster in shorter beaafube operating
conditions. Because of the high temperature anskspre maintained
in the process, the cost of the process increaseédre energy
required is more. Safety is one of the importastieés with the
supercritical method, since the process vessgl@aied at higher
pressure.

2.6.6 Ultrasound process

Ultrasound cavitation is advantageous over conewslt
mixing and forms effective contact between theo tmmiscible
phases [33]. It increases the mass transfer betthedred oil and
the reactants during transesterification process.

It is considered as cost-efficient process comp &vethe
mechanical agitation and provides the activatioargy to the
transesterification process [24]. The process poeslcavitation
bubbles which passes through the solution and £xentying
pressure. The bubble collapses suddenly and rsleéhseaequired
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amount of energy. The process improves the ovezadition rate,
increases the biodiesel yield and decreases theagedime.

The effect of ultrasound depends on two technaszbirs such
as selecting the energy intensity and populatiaactfe cavitation.
These two parameters are used for finding theiafioy. A large
number of experiments are conducted to measure Wegsfactors
Thus, some theoretical approach has to be developeeasure these
parameters. The process has technical limitatiodsfaus has to be
studied thoroughly and research has to be cartied o

2.6.7 Transesterification process

The most common technology of biodiesel producigon
transesterification of oils (triglycerides) withcahol which gives
biodiesel (fatty acid alkyl esters, FAAE) as maiadguct and glycerin
as by product.

Thefirst step is the conversion of triglyceridesliglycerides,
which is followed by the conversion of diglyceride®
monoglycerides and of monoglycerides to glyceratldyng one
methyl ester molecule from each glyceride at eadhp.s
Transesterification, also called alcoholysis, isl@nging of alcohol
from an ester by another alcohol in a processamu hydrolysis,
exceptthatan alcoholis used instead of water.

3.0 Methodology
3.1 Transesterification
3.1.1 Description

It is the most usual way of producing biodiesel][ZBhe
reaction begins when an alcohol, such as ethanmtalyzed, usually
by potassium hydroxide (®H)[33]. The mixture is later added to the
acid that has been extracted from the sunfloweten@sglyceride).
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Figure 1- Transesterification process[34]
3.1.2 Reagents

-Sunflower waste (It was the sample used in thepetion of
biodiesel)

-Acetone

-Ethanol (alcohol)

-Potassium hydroxide (catalyst)

3.1.3 Equipment

-Speed controller
-Hot plate
-Thermometer
-Magnetic stirrer
-Condenser
-Three -neck flask

20



Figure 2— Transesterification process set

3.1.4 Procedure

Based on calculation, potassium hydroxide (KOH) haen
weighted and added to the require amount of alcdros mixture
was later shaken to allow the KOH to dissolve mrnttethanol before
pouring it in a three-neck flask and placing ittbe electrical stove
with a temperature ranging between 50 to 60 degCstsius. A
condenser has been connected to one neck of shddiacooling. A
thermometer calibrated from 0 to 100 degree Celsms placed in
the middle neck of the flask. A separating funnehtaining a
measured amount of fatty acid is then connecteédadast neck of
the flask. The fatty acid is added drop by droph® alcohol and
stirred up with the help of a magnet for a duratibh hour.

The mixture obtained at the end of that periodtdxk cooled
down totally before proceeding to the collect &f dther yield, using
a separator funnel. The bottom layer is considasatlaste and need
to be removed first. Later 100ml of water is adttethe top layer to
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wash out some remaining waste. After the remowvakdér, the final
ether yield needs to be weighted and stock intdéebét small amount
of saltis also added to favor the dry out of agpaining amount of
water present in the ether. This experiment isaiggzeup to 3 times
with different mass weight percent of KOH, Weightreethanol used
and mass of fatty acid used during the experinfemtart of the
samples will be later analyzed before mixing itliesel.

Weight percent of KOH (wt. %) = (mass of KOH)/(mass
ethanol) x 100

3.2. Acid extraction from waste sunflower

3.2.1. Reagents

-Waste from sunflower was used as feedstock in this
experiment

-Acetone had been used as a solvent to treat theterial
and extractthe acid presentin the sample

3.2.2 Equipment

-Weight balance
-Separatory funnel of 500m|
-Conical flask

-Funnel

-Vacuumdryer

22



Figure 3- Acid extractionthrough vacuum dryer.
3.2.3 Procedure

-1 portion of phospholipid requires 4 portions of acet

-150.15g of waste sunflower was weighted and pugin
cylinder

-500 ml of acetone was later mixed with the meassaanple

-The blend had to be shaken for 1 minute befonegoput to
rest for 5 minutes. This practice had been rep datiedes.

-The solution had been putto rest for not lesa iffahours

-The 2 layers of mixture obtained, had to be sepdnasing a
separator funnel of 500 ml.

-276g of a solvent had beenyield ( It is a liqwith acetone)

-A rotational vacuum dryer is later used to remaager from
the acid at a temperature located between 60 tegdees Celsius
(acetone has atemperature around 50 degrees €)elsiu

-The filtrated solvent yields
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3.3 Alcohol- catalyst mixing

3.3.1 Reagents

-100ml of ethyl alcohol
-8g of KOH (catalyst)

3.3.2 Equipment

-Heater

-Condenser

-Round bottom flask
-Thermometer

3.3.3 Procedure

-Some amount of KOH (KOH is used as a catalyst)adaed
to measure thetitration

-The KOH solution is later poured in the ethyl ddol{ethanol)

-100 ml of ethyl alcohol was later mixed with 8fgKOH
(solid state)

-The mixture is stirred until the catalyst is coaiply dissolved
in the alcohol and later taken to heat until itatess itdoiling point

-The duration of boiling was set to 1 hour

-Flask and cooler were used

-KOH was removed from that solution after the tie&ched

-The remaining liquid had to be distillate and thlabhol was
putin a place for not less than 3 days

-The top part of the layer (transparent, colortasslear) for
preparation solution of titration
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3.4 Fatty acid
3.4.1 Chemical titration method

Fatty acid concentrations equal or higher thanrh may be
easily determined by titrimetry even in the pressanicother lipids.
Titrimetry was classically used to determine thd aalue (free fatty
content) of vegetable oils and fats. This acid gasudefined as the
number of mg of KOH required to neutralize theyfaitids contained
in 1 g of the fat. It is very easy to express #gwailts in other units as
mg fatty acids per g of sample or mmoles per Kg.

3.4.2 Procedure

-Weigh 0.1to 10 g of oil or fat (according to g ected acid
value) in glass vial and dissolve in at least 50aithe solvent
mixture (if necessary, by gentle heating).

-Titrate, with shaking, with the KOH solution (in 26 ml
burette graduated in 0.1 ml) to the end point eitldicator (5 drops
of indicator), the pink color persisting for at$4.0 s.

3.5 Filtration ability (CFPP)

The test method used was ASTMA371. It grants the
assessment of the lowest temperature at which |diesk may
encounter difficulty to flow. A 45ml of the mixtureas measure with
a cylindrical glass and introduce into the testgad closed with a
stopper. A thermometer introduced into the devadfor role to the
temperature of the liquid throughout its periodilafation. When the
fluid has reached its lowest level, the device engtically gives a
signal through a particular noise. The filtratidnligdy of the fluid is
then recorded.
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The image bellows is a device used to determinéltiegion
ability of a liquid.

Figure 4- CI'L:PI;‘devic.

3.6 Cloud Point (CB

The petroleum industry used ASTM 2500-02 for CR tes
method.45ml of the mixture was measured and intteda the
device. After naming the sample and correctingtteng, the device
begins to run its analysis. At the end of the expent, the result has
been recorded on the screen.
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Theimage bellows is a cloud pointdevice

Figre5; Iud pointdevice
3.7 Lubrication ability

The method used in this experimentis the ISO 1219®e
equipment is firstly clean with toluene (for 10nar)d later with
acetone (5 to 10mn). This is primordial for the osml of any
sediment or particle. The kit is transfer to anaglonic bath. Through
ultrasound contaminants are removed from the sefétt the help
of an aqueous solution.

A desiccator cabinethas a dry inert environmentkvban be
used to stock volatile products such as biodié$a.right humidity
and temperature had to be fixed. The right condivas established
at60°C. 2ml of the mixture was placed on the plate. 2ff0gad had
to establish contact with the plate and ball foolihand 15 minutes.
The next step was to estimate the area of roughtiessagh
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microscope and deduct the lubrication ability usthg points
obtainedon Y and X ase

Theimage bellows is a device used to determinkeitivecation
ability of a liquid.

Figure 6— Lubrication ability device.
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4.0 Result and discussion

The table below is a summary of the initial producted and
the final ether received during the transestetificgprocess.

Table 1- Summary of initial product used and final estetd/during
transesterification

Experiments 1 2 3
Duration 1 hour 1 hour 1 hour
Temperature 50-60 50-60 50-60
(Celsius)

Amount of alcoho 60ml 80 ml 80 ml
used (ml)

Weight percent o 15 3 0.75
KOH (Wt. %)

Mass of initial acid 10.35¢ 309 309
Mass of final ethe 299 14.739g 17.879
yield

The following results below represent the effedtadditives
on cold temperature of diesel realized on Sam@3erhe of the cold
flow properties analyze were filtration ability (€P) , Cloud Point
(CP) and lubrication ability.
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4.1 Filtration ability (CFPP)

The table below is a result of filtration abilitypt@ined from
the mixture (additives +diesel).

Table 2— Filtration ability of the blended liquids
Percentage of additiv§ 0.57 0.13 0.06 0.02
blended (%)
Mass of additives blendg 0.2386 0.0529 0.024 0.008
Q)

Mass of diesel used 41.68 41.68 1.68 41.68
CFPP (filtration ability) of -51 -50 -49 -48
mixture

CFPP of initial dieselPC) -40 -40 -40 -40

The CFPP test done on 4 different samples provetthe
additives mixed with diesel fuel has improved itgdtion ability.
Indeed, the initial diesel had a CFPP #0°C and the 4 samples
mixed with additives had a filtration ability 61-°C,-50°C,-49°C and
-48°C respectively. The additives do not really affece ttold
properties of diesel.
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4.2 Cloud Point (CP)

The table below are results of Cloud Point obtafread

the mixture (additives +diesel).

Table 3- Cloud Point of the mixture

Percentage of additivg 0.57 0.13 0.06 0.02
blended (%)

Mass of additivey 0.2386 | 0.0529 | 0.024 0.008
blended (g)

Mass of diesel used 41.68 41.68 | 41.68 41.68
Cloud Point (CPP) of -33.0 -34.0 -35.0 -35.0
mixture (C)

Cloud point (CPP) o] -34 -34 -34 -34
initial diesel (C)

The cloud pointtest done on 4 different samplasssthawn that
the additives used do not really affect the cotuvflproperties of

diesel.

4.3 Lubrication ability

The table below are results of lubrication abiibtained from
the mixture (additives +diesel).

Table 4- Lubrication ability of the esters blended

Percentage of esters blended (% 0.13 0.06

initial diesel

Mass of biodiesel blended (g) 0.0529 0.024

Mass of initial diesel used (Q) 41.68 41.68

Lubrication ability 340(<460) 411(<460)
good good

Lubrication ability of initial diese 478 478

used
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Lubrication ability was tested on 2 different saagpmixed
with additives 0of 0.13% and 0.06 % respectivelye Tésults obtained
for each of them were 340 and 411.The initial difess# used in this
research had a lubrication ability of 478.Mixtureaving a

lubrication ability of 340 and 411 are both les$emn 460.Therefore,
they both have a good lubrication ability.
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4.4 Infra-Red Spectra

The graph below is an Infra-Red spectra obtain@oh frRS
sample 1.

1 RS Sample 1
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Graph 1- RS sample 1 IR spectra
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The graph below is an Infra-Red spectra obtain@oh frRS

sample 2.
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Graph 2- RS sample 2 IR spectra
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Absorption

The graph below is an Infra-Red spaaiobtained from RS

sample 3.
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Peaks at 1376 and 1463 refer to deformation vitnatof—
CH3 and-CH2 groups in aliphatic compounds (1463 refer@i2
and 1376 to-CH3 + -CH2). The same groups produce stretching
vibrations at wave numbers of 2852, 2923, 2954 42@%ers to-
CH3 and 2852, 2920 refers teaCH2).All this bands indicate
vibrations between carbon and hydrogen in C-H gsoépsorption
at 723 or 721 refersto pendulumvibrations©H2 groups when the
amount of these groups more than 4 likeH2-CH2-CH2-CH2-
CH2. This proves that using material consisted arfgtchain
carboxylic acids. Bands at 1741 refer to C=0 grcapbonyl group).
These bands presentat all the spectra. It is plessisay that some
of components from using fraction have double bd@#2=CH?2).
It can be seen from bands at 3008. But amountaf structures is
not high because intensity of the band is not hWyk.can observe
actual intensities in the second column of thedéddated on each
the spectroscopy

Carboxylic acids, which were obtained from plah&se bands
at 1238, 1160 and 1097 énBut for esters these bands have position
of 1241,1176 and 1166. Moreover, the band at tir€t have high
intensity. As it can be seen such constructionhef $pectra was
observed for RS Sample 1 only. According to this,lvad success
with the Sample 1only. Other samples consist afsaci

The first reaction gave esters probably becauseaibne has
not been removed after extraction. Acetone carag@ catalystin
this case.
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CONCLUSION

Transesterification process was used to obtaimsesibkich
were used as additives to increase the qualityie$etl Several
conclusions can be deducted from the diverse thste on the
additives mixed with diesel.

From the results and analysis obtained, it careletbat the
additives obtained do not affect greatly the ClBotht. The mixture
has a good lubrication ability. The additives angatle for diesel
fuel. From Infra-Red spectroscopy, it can be notiteat acetone can
act as a catalystwhen it is not fully removes frtthi@ sample. This
may justify the reason why the research gives atigeseedback
only with the first sample.
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ABBREVIATIONLIST

ASTM: American Society for Testing and Materials
CFPP: Cold Filter Plugging Point

CP: Cloud Point

DIEGME: Glycol Mono Methyl Ether
EGME: Ethylene Glycol Mono Methyl Ether
EVA: Ethyl Vinyl Acetate

FAAE: Fatty Acid Alkyl Esters

FFA: Free Fatty Acid

IR-spectra: Infra-Red spectroscopy

KOH: Potassium hydroxide

LTFT: Low Temperature Flow Test

NAOH: Sodium hydroxide

2-EHN: 2-Ethyl Hexyl Nitrate
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