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“This is a research work conducted on the production of bio-diesel from vitex

oil. It is aimed at providing an alternative to fossil fuel; hence diversify the

use of vitex. Batch trans-esterification of the crude vitex oil using methanol

and sodium hydroxide as catalyst was use to achieve this at a reaction

temperature of 40°C - 45°C. Analysis on the bio-diesel produce showed it
has a density of 0.867g/cm3 viscbsity of 18.68, flash point of 54, cetane

index of 54. The values falls within the specification for diesel fuel (ASTM),

v

which indicate that the bio-diesel produce can serve asa better alternative to

petroleum diesel. In conclusion base-catalyzed trans- esterification process is

an effective method for the production of bio-diesel from vitex oil. o
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CHAPTER ONE
Introduction

Diesel fuels play an important role in the industrial economy-of the

country. The global petroleum diesel fuel consumption is over 9()_ﬁgmt(_/‘year'of

which 45-65% depending on the country is used by the transportation sector.
It’s use in transportation cqntributes over 25% of global greeﬁ house (GHG)
emission (Dalai, 2004). These data show that the fuel run major part of the
transport sector and their demand is steadily increasing with rising cost of
conventional fuel and concern on the ehvi;:qnmgnt, altemative diesel ﬁiél a;e
being considered, in thi$ context. Synthetic diesel from biomass (known as
" bio- diesel) can be a viable option as it is.already in practice m South Africa,
India. Europe and the U.S.A.

\ergetable oil (edible and non-edible) are widely available from
various sources. And the glyceride present in the oils can be considered ds
viable alternative for diesel fuel. Bio-diesel which is synthesized from
vegétéble oil is a realistic alternative for diesel fuel because it provides a fuel
from renewable resources and has lower emissions' compared to pétréﬂeﬁm
’diesel. It is biogradable and contributes minimal amount of net' Srden’ house
gases and zeléo‘ sulphur emission to the atmosphere more specificélly, bio-
diesell cuts down on the “amount of carbon' dioxide, hydrocarbons and
particulate matter released into thé environment. The conversion of
vegetable oils to bio-dieéel is done thiroligh transerterification reacfion.
Needs iior Bio-Diesel

Bio-diesel reduce CO, emiséibﬁg"’th?e‘ “iﬁ‘r’ihlhry‘ cause of green house,

effects, by up to a 100%'its emission are 20 to 40% lower than those from




low sulphur diesel, and 10 to 29% lower than those from ultra low sulphur
‘diesel. (Hiraga, 2003) ..
, The sources of petrol-diesel pollutions are hazardous to the

environment. The need to reduce global warming and increase sustainable

enetgy has lead to a search for alternative fuel source, producing bio-diesel

from vitex oil serves as an alternative to the nearly d,epléted and costly petrol

diesel.
Scope of Work

This work researches into the possibilities of producing bio-diesel
from vitex oil and determination of the_propertiés of the bio-diesel'pfoﬁduced;
It also seek to find out the amount of bio-dieée}l and glycerin obtainable from
a given volume of vitex oil at different teinperatures and the economic
analysis of the process.
Aims and Objectives

This research is aimed at finding an alternative, less hazardo;is and
cheap fuel to petroleum diesel. It also aimed at bridging the gap between

agticulture and industrialization and hence providing alternative uses for

vitex.




CHAPTER TWO
2.0  Survey of Literature
2.1 Definiti(;n
Bio-diesel is defined as the mono-alkyl esters of fatty acid derived
from vegetable oil or animal fats. In simple, terms, bio-diesel is a product
you get when a vegetable oil or animal fat is Chemicélly reacted with alcohol
to prbduce a new compound that is knoyvrg as fatty acid alkyl esters.
There are at least three ways,to run a diesel engine on bio-fuel using
vegetable oils, animal fats or both. All three work with fresh and used oils.
Using thé oil ; just as it,%;is usudlly called SVO fuel (straigﬁt
vegetable oil)
Mix it with kerosene (pataffin) or petroleum diesel fuel, or with
bio-diesel.

Convert it to bio-diesel (transesterification)

2.1.1 Mixing

If you are mixing SVO with petroleum or kerosene you are still using

as fossil fuel. It is cleaner than fossil diesel. But not clean enough, many

would say. Still for every gallon of vegetable oil you use that’s one gallon of

fossil fuel saved, and that much less carbon iii‘the atmosphere.

Various mixtures are used 10% Vegetab"l{é'oil and 90% petrol diesel oil
or 50/50 mix some people just use it that ’»i/a'y. Start up and go. Others still

need at least pre-heating and probably 4‘two fank system too-tank system

£t o, o YR g

Like SVO. The same gbes for mixturé of Vegetable oil and bio-diesel.

" .
2.5,

Mixtures are poor 'c()mprmﬁ"i_se’..' But they do have advantages in

weather. Some kerosene or diesel mixed with bio-diesel lowers the




4

temperature at which it start to get and mix with biodiesel will do the same
for an (SVO) system.

2.1.2 Straight Vegetable Oil

Unlike bio-diesel, with SVO you have to modify!the engine. The best
to fit a full single-tank SVO systenﬁn w1th different injectors and glow plugs
injectors pump, adjustment, fuel prehc;.';lting, temperature control and el;ter
folters.

There are also two-tank system which only pre-heat the o

thinner. You have to start the engine on ordinary petroleum diesel or bio-

¥

diesel in one tank to warm it up then switch back to petrol or bio-diesel

[
JEH

i

before you stop the engine.

2.2 Bio-Diesel

o

Bio-diesel has some clear a}t‘c“lvgnrtggeksw over SVO; it works in any
diesel engine without any conversion or modification to the engine or the
fuel system, just put it ir;;?~1an‘d g0, it*also'has better cold-weather properties
than SVO (but as good as petrol- diesel).

Bio-diesel is a clean safe ready to use alterative fuel, where as its fair

say that many SVO system are  still experimentali and need further

i

development.
2.2.1 The Chemistry of Bio-Diesel

It is not necessary to be a chemist to understand Where:,le l}giép-%iesel
comes from and how it is used, however it is useful to review%oéifébf the

fundamental chemical principles that are behind bio-diesel so''that its

properties can be understood.




R,, R, and R; represent the hydrocarbon chain of the fatty acid elements of
the vtriglyceride.

Note that there is a three carbon chain called the glycerol backbone

backbone are the three long fatty acid chains in their free form, the fatty acid

chains in their free form, the fatty acids have the configuration below.

Fatty adid cdpﬁguratign

3 Ly

Where R is a hydrocarbon chain of greater than 10 carbon atoms.

s )

B




Fatty acids are degignated by two numbers: ﬁrst number denotes the
total humber of carbon atoms in the fatty acid and the second is the npmbéf-
of double bonds. For example 18:1 deéignateé oleic acid whi‘ch has 18

’ éérbon atoms and one double b(')nd. |

2.3 How to Make Bio-Diesel

- Making bio-diesel is a simple process to power our vehicles, we need

i

to reduce the viscosity of the vegetable oil. Basically the vegetable oil need
to be mixed given time to settle, then drained: there are literally” millions of

different ways this can be done.

Vegetable oil is a tfi-glyceride, th‘at’s three vegetable molecules or

_esters, attached to one molecule of glycerin. Glycerin is what makes

vegetable oil thick and sticky. To make bio-diesel, we want to remove the

glycerin and repiace it with an alcohol this is the process of

E EES o sk g'( .
transesterification. The alcohol we use is methanol.

To initiate the bio“diesel reaction we need a catalyst, by ddding
strong base for this reaction we use sodium hydroxide (NaoH). Also known
as lye the amount of lye ig constant when using new Végetable oil, but use

cooking oil varies due to the amount of free fatty acids (FFAs) from heating

the oil. To determine the amount of FFAs. We perform a titration

2.4 Transesterification of Vegetable Qil

G 24

eacts ‘with




OH

CH,O0-C-R

0 ‘ CH, - OH
OH'

CHO - C - R + CH;0H +— 3CH;0C - R + CH - OH
O .. Catalyst: :

CH,0-C-R . CHS0oH

Glycetide Alcohol - - ~v - Ester Glycerol

Equation of Transesterification of vegetable oils. The overall process is a
sequ'ence or three consecutive and reversible reactions in which di-and
monoglylcerides are formed as intermediates. The stoichiometric rf:action
requirés 1 mol of a triglyceride and 3 mol of the alcohol. Howejé;lr:ayh éxCess
of the alcohol is used to increase the yield of the alkyl ester and gilows its
phqse creation from the glycerol formed.

" S‘everal aspects including the type of catalyst (alkaline of acid)
alcohol/ vegetable oil molar. ratio,  temperature | purity of the reactants
(mainly water content) and free fafty acid content have an influence on the

:

course of the transesterification.

v

2.5 Characterization of Bio-Diesel

It is necessary to compare the properties of bio-diesel produced with

that of fossil fuel. These properties-including, density, refractive index,
viscosity, Speciﬁc gravity, flash point, poﬁr point and other like sulphur

content copper stripe corrosion, ash content water content and ‘cetane

number standard method of analysis, as prescribe by the (ASTM) Am“.yevr'ican‘

Sfandard for testing method is required to achiequ this (ASTM-D 1985).




.

2.6 Advantage of Base Catalyzed Over Acid

& The base catalyzed transesterification of vegetable oils proceeds faster

than the acid catalyzed reaction.
*30‘ Alkaline catalyst are less corrosive than compounds, industrhial
process usually favour ba;é catalyzed suu'h’ as x‘aikaline metal, alkoxide and
hydruxide.
2.7 Sources of Raw Materials
Vitex

This large genus i‘s‘ distributed through out the tropics and sub-tropics
the fruit are broadly ellipsoid or.almost circular with the enlarged catyx
forming an open source at the base, or a cup 'with shallow teeth. These
drupes are fairly fleshy often turning black when fully ripe, surrounding a

hard stone containing 1 -4 seeds.

t

‘

There are about a dozen spears of vitex in Nigeria, some of them only
shrubs. Some of the species are:
v Vitex simplicifolia.
v' Vitex chryso carpa

Vitex doniana (swee‘t)

Vitex grandifolia

Vitex terruginea

Vitex rivularis




This is the most abundant and widespread Vitex in savannah regions,

| recognized by it long stalked glabarous leaves s&ith the leaflets usually
 rouded at the apex.

Hausa:f (iunya; Fulani; gabbihi; Yoruba; ori nla; Igbo; ucha kura

N. Nig — Sokoto, Kebbi, Zamfara, Kano (Dangora), plateau (Jos, Maragutu),
Bauchi, Ilorin (Magebde)

W. Nig. Oyo (Shepetari). Abeokuta (Olokemeji).

E. Nig — Enugu (Udi) Ogoja

Wldespread in troplcal African

2. 8 Extraction of Oll From Vltex Seed

1
s EE 3 gt v
AR Ginet

" The yield of Vitex seed contalns about 48%. ThlS shows that the oil

A

content of the seed is much thus there is need to develop process of

s
€ Rl

extraction of this oil for both domestie and i.ndustrial uses.

Wt

There ate two (2) methods of extracti*eu.
1.  Mechanical screw pressing. -
2. Solvent extraction.
2.8.1 Mechanical Screw Pressing

This process can be likened to the squeezing of the oil mechanicaIiy
from the nut. The seeds are put in the screw process aﬂer the necessary pre-
treatment and oil is squeezed or pressed out. This process is simple and can
be done locally at home using domes’eie apparatus such as pistil and mortar.
2.8.2 Solvent Extraction "

This involves the use of a solvent to extract the oil from the seed. It is

]

also referred to as leaching. Any’ mgamc solvent can be used but it is

'( <
5 W,
i 5

advisable to use with low b0111ng pomt such as hexane for easy removal




extraction, the solvent is used to wash the seed down allowing the oil to

’

dissolve in, it and pour as the rafinate which the extract is collected at the

othér end.

Extract

Raffinate

y

1998)

2.9 History of Diesel

The name “Diesel” was deducted ~from the man who first
demonstrated his compression ignition engiﬁe at the world’s exhibition in

Paris in 1898.

Rudolph Diesel used vegetable oil to power this engine which were

¥ B ‘

later called diesel engines. In 1920 an“allfé‘rlétyior‘iﬁwas made to those éhgines

which enable them to use petroleum diesel.

\

“The alteration became necessary as the use of vegetable oil, not only
released toxic waste but also formed scums which affected the engines life
span. Henry Ford in his invention in 1908 modified this automobiles to use

ethanol. A




CHAPTER THREE
3.0 Materials and Research Methodology
The materials used in this research are basically the vitex seed from
which the oil is extracted.
3.1 Apparatus and Reagent
3.1.1 List bf Apparatus and Equipments Need

Table 3.1.1 list of the apparatus and equipment needed.

Apparatus/Equipments  " T Uses

(a) Reactor - This 1s made of glasses, with a capacity
of about 2 litres (for experimental
purposes)‘ attached to the lid is a stirrer
which ki‘sﬂ connected to an electronic
mo\tolr,’ the motor is then |
cvélrll(hected to a direct current souirce
T((‘b“a_tatery)'and the rate of agitation can be
irié?eased or decreased by varying the
n’gfhber of batteries.

(b) Electronic weighing balance Uséd for weighing the sample oil

(c) Water bath. Used during bio-diesel reaction t6 heat
the reactantsfto desired temperat’u}e.

(d) Thermometer Used to measure temperature

(e) Conical flask * This is where the bio-diesel reaction
was carried out. o

(f) measuring cylinder: Used to measure volume of reactants

(g) Pensky martins flash Used to measure flash pointn‘(;f the bio-
diesel

(h) Viscometer ! Used fo measure the viscosity of the oil

(i) Stop watch | Used Zfor timing




3.1.1 List of Reagents Usgd
»  Methanol, CH;OH
» Sodium hydroxide, NaOH
»  Crude vitex oil extracted
3.2 Methodology

Vitex seeds sample was har;g‘pic‘kgd from Yauri farm land behind the
ma;iri town in to a basket. -
3.2.2 Sample Preparation
(a) Drying

The seeds were sun dried for about 13-14 days (almost two weeks).
Hence the seeds are enclosed inside a hé.rd cover shell. After which sample
was finally dried in the oven for about 3 hours.
(b) Winhowing |

The seeds are separated from the:shell back and other unwanted
materials like leaves, ston¢ and sand pa'rt‘ip!gsﬂ were equally removed by
winnowing.
3.3 Moisture Content Determinatipn

This is the ainount in percent of volatile matter in soap for instance
water content.
Methodé

In order to determine the percentage moisture content in the value oil,

48.15g of oil sample was weighed in a moisture pan, the weight of the pan

[

and the oil was taken and put inside an oven for 3 hours. At about 45°C.

After every 1 hour, the sample was cooled and weighed again until

the weight before and after was approximately equal.
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* The percentage loss in water content was determined.
Calculation:- 4

wﬂ 00
W,

3.4 Extraction of Oll From Vitex Seeds

For the purpose of this research, the local mechamcal sCrew pressmg

4

method was used, and the procedure is as follows .

. The prepared seeds sample was weighed using welghmg balance
. The seeds were r‘c:rushed in a mortar,into a paste form (cake)
. Water at 60°C was added and mixed with the paste prior to oil

extraction.

o The resulting mix‘mre was pa‘c",@ke;d,( into a porous sieve cloth, then

| placed into bowl.

o Subsequently 1t was squeezéd\ and oil was collectedv.

35 Production of Bio-Diesel From Vitex Oil

1.75g of NaOH erystals (Lye) was weighed and dissolved in 100ml of
g mathanol’ The mixture is stirred vigorously for about 15 minutes until the
lye diesolved in methanol (alcohol) to form sodium methox1de

The extracted oil (0.5 Jitre) was heated over a water bath to about 40-
45°C. However, sodium methoxide was then added slowly to the he;at'ed oil,
and the mixture was vigorously stirred and left for abouttwo hours
maintaining the temperature 40°C - 45°C :

After 2 hours, the stirring is discontinued and the reaction is left to

settle for about 16 hours. It was observed’l‘gthat the phases, the bio-diesel

which is higher on top with glycerin whlch is darker and heavier below.

13




The bio-diesel is the siphoned from the mixture for further analysis.
3.6  Characterization of Bio-Diesel »

The following analysis was cgrn;if:d out on the resulting bio-diesel in
order to compare its properties with that of fossil fuel.
3.6.1 Density

To obtain the density the following procedure was carried’out.

L A clean dry beaker was wéighed and the weight recorded as M,

EA

the beaker and weighed, the ‘weight

i ERREE

! The Bio-diesel was put in

recorded as M;. The dens(ity‘ is the determined by the equation below:

_M -M,
vV

Where p = density
[, = weight of beaker + bio-diesel
= Weight 0f beaker
V = Volume of bio-diesel
3.6.2 Viscosity
To determine the visgosity of the bio-diesel the .cannon ten the
viscoumeter was employed, with pro?:géﬁre as follows:

o The bio-diesel is put in the viscoumeter till it reaches the mark above

the upper bulbs.

o) The ﬁme taken for the memiscus or the bio-diesel to fall between the

upper and the lower mark of the bulb is fhen recorded.
The viscosity is then célcul'é‘tedlf(‘_ro‘rﬁ the equation below:

Viscosity = time taken




3.6.3 specific Gravity

The specific gravity of the Qid-diesel was determined by taking a
known volume of the fuel and weighing it, also the same volume of water by
taking the ratié of the fuel to that of water.
3.6.4 Pour, Point

The bio-diesel is pgured into the test jar to the appropriate level. The
cork to which the thermometer is iqserted??t‘fight;ly closed. The test jar, the
position of 'the cork is. adjusted tightly so tljat the thermometer fits the cork
tightly. |

The thermometer and the cork is coaxjal and the thermometer bulb is
immersed such that one ;?nd of the capilld% is 3mm below the surface of the
| oil. The oil is heéted,,.without stirrinAg%; to 48°C and maintained ;t this
temperature. The fuel was t}len (c}(;)o\led to 35°C in water bath. The ring is

placed around the testing jar, 25mm from the bottom. The test jar was put

into the an ice jacket. After prelimipgu‘y heatihg the sample was cooled at

specific rate and examined at interval of 30°C for flow characterization. The
least temperature at which movement of the bio-diesel was observed and
rgcordéd as the point.
3.6.5 Sulphur Test
The sulphur content of the bio-diesel produced was determined qsing

ASTM D2 622 method. The sample is plaped in an x—réy beam and the
intensity of the sulpﬁur X-ray ﬂuoresdénCe W;is measured.
3.6.6 Copper Strip Corrosion Test

" The ASTM D130 detection of coppers corrosion from petroleum

products by the copperstrip tarnish“‘tés‘tf&i'ﬁ“g;,‘qhod was used. A polished ‘copper

15




strip was immersed in the bio-diesel sample for 3 hours at 100°C and then

L E

removed and washed. The condition of the. copper surface was qualitatively

.rated by comparing it with standard.

3.6.7 Ash Content‘ ﬁ,

The bio-diesel was weighed and a known weight placed in a crucible,

'

ignited and allowed to burn. The carbonaceous residue is heated further in a
furnace to convert all the carbon to carbon dioxide and all the mineral salt to
oxides (ash). The ash is cooled an weighed.

3.6.8 Cetane Index

-

‘Cetane index of diesel fuel is a measure of the tendency of the fuel to
ignite spontaneously. In the cetane index scale, high values repr:‘e“sént fuels
that ignite readily and therefore perform better in a diesel engine. It was

calculated using the equation below:

* Cee = 45.2 + (0.0892) (Typ) + [0.151 +(0.0901) B [Tson] + 0.0523 —

(0.420) (B)] +[0.00049][ T on]* - [TQON]z ~(107) (B) + 60 (_132).

Where Cee = calculated cetdn index
D= bensity at 15% bN =D-0.85,B=[e"V]-1
Tion =10% recovery temperatL.lre‘,: Tm-215 |
Tso=Tso— 260, Topn = 90% recovery temperature
Toon = Tog — 310 [astm,d]
3.6.9 Refractive Index
This was determined by using the refractometer. A drop of the fuel

was spread evenly al}l over the watches and readings taken through the peep

hole.




3.6.9.1 Flash Point

This is the lowest temperature at which a fuel can form an ignitable

N .

mix with air. In order words it is the minimum temperature at which there is

enough evaporated fuel in the air to star combustion. .

The method used in this case is the Penky—Martens apparatus consists

“of a small éup containing the bio-diesel, it is gradually heated while its being :
stirred continuously in order to distribute the heat uniformly. At regular :

intervals, an open flame is directed into the cup, at the flash point, the

content of the cup was ignited. :

o




4.0 Result L

Tabular representation of the result of the analysis conducted on the :

sample (vitex seed) and bio-diesel produced from it are shown below.

Table 4.1 determination of moisture content of the seed

MC (%) X, X, .

48150 ~40.0000 | 27.0000

33.3300 40.0000 300000 .

21.2100 | 40.0000 3 33.0000

11.1100 | 40.0000 -36.0000

M = percentage moisture content ‘ ,

X, = weight of dry sample o | : .

Parameter

Weight of seed

Weight of extracted oil 892

Weight of cake 532

Weight loss (due to error) 28




Table 4.3: Determination of Viscosity of Transerterified Vitex Oil (Bio-

diesel) at 29°% | | o

‘Factor Viscosi| y

Spindle Spindle Reading

number speed (mp)

4 100 «° ~ 09 20 18

Bio-diesel ' Flash point CC)

Vitex diesel 54 . _

Table 4.5: Determination of the Dénsity of the Bio-Diesel ST ,

Parameter o Value | ;
"Weight measuring cylinder 600g ’.
Measured volume of oil . 250cm® »

Weight of measured oil +cylinder 817g
Weight of oil | - 217g ,

Density 0.868g/cm’




Table 4.6: Determination of Cetane Index of the Vitex Bio-Diesel

Bio-Diesel Cetane Index

Vitex Diesel 54

Table 4.7: Summary of Characterization Results with Standard 5

Parameter " Vitex Bio-Diesel Automotive Gas Qil

(AGO)

Viscosity 18.67 - . 12.5-17.5
Flash Point 54 .. 50-55 :
Density g/cm’ 0.868 ‘ 0.82 —0.88

Cetane Index 54 48 — 52
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CHAPTER FIVE
5.0  Discussion of Result
Bio-diesel was produced from vitex (crude) using base cattaly'zed ‘
transesterification process. Temperature of the feacting mixture inﬂiueriq‘ed
the rate of ;:onversion at temperature close to 40°C — 45°C and a higher yield
of bio-diesel was recorded. This is‘ contrary to the literatures that yield
increases as tﬁe temperature approaches the boiling point of alcohol..,. |
The result of characterization presented in table 4.7",;§gows that
viscosity is 18.67 this is higher than standard values of 12.5 — 17.5 f;)r petrol
diesel and bio-diesel respé;qﬁvely. The highyef,r:valuf: of viscosity could bé- due
to the fact’ithat the oil was unrefined and contain some impurities which

¥

~made it difficult for it to ignite readily. It is advantageous since it isteasy to

handle incase of crash. The bid-diesel shows that flash point and density of

bio-diesel produced are 54 and 0.868 ‘respectively which falls witﬁin the
standard rang of 50 — 55 and 0.82 — 0.88 for petroleum diesel and 0.88 for
bio-diesel this indicates that the bio-diesel produced will have better
lubricating effects on engine part of compfession ignition engines. The
cetene number calculated using the equatiqn recommended by ASTM
D4737 is 54, this signifies that the bio-diesel produced has high anti-

knocking properties.




5.1 Conclusion !

Bio-diesel was produced from vitex oil and evaluated. The analysis
showed that the bio-diesel produced is‘sdlphur free, has a high cetane rating
(less knocking), higher lubricating effect than petrol-diesel and will cause no
corrosion on pipes. Thus the bio-diesel can effectively serve as an alternative
to petrol-diésel without modification to diesel engines and the environmental
and ecological advantages of the bio-diesel should be given more emphasis
rather than its economic i'mportance for new. Therefore the base catalyzed

trans-esterication process using methanol is an effective method for bio-

diesel production. ,




5.2 iRecommendation :

1. Further work is recommended in testing the bio-diesel in existing

internal combustion engines (diesel fuel injection systems).
2. ‘Agriculturists should intensify their effort in improving the vaﬁefy of

the species in order to obtain higher oil yields for vitex.

3. Large plantation of these plant species should be encouraged in order

to exploit them for bio-diesel produétion.
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' APPENDIX

Determination of moisture content

m=2"% 100
Xy

m = percentage moisture content

X, = weight of dry sample

X, = original weight of grinded‘ ger before drying

. mp=33.33%

m 40-33 100 : .

' ms =21.21% | -

40-36
m, =

x100 = 11.11%

CHARACTERIZATION RESULT

1.  Density Calculated Thus
p="4" m,
‘ 14

Weight of measuring cylinder 600g




Measured volume of oil 250cm’ :

Weight of measured oil + cylinder 817g

Weight of oil = 817.13 =600 = 217g

Density = 2. = 0.868g/cn’
, 250

= 0.868g/cm’

2.  Viscosity _,

| Readi Factor Viscosity (mp)
g . 100 18
0.5 - 40 20 |
0.9 20 18
Average =18+230+18 : ?
| = 18.666 ' '
~18.67 o | |

Cetahe Index . _

It was calculated using the equé’iion below

Cee = 45.2 + (0.0892) (Tion) + [0.15 + (0.901) (B)] [Tson] + 0.0523 =

(0.420) (B)] + [0.00049] [Tion] — [Toon)? — (107) (B) + 60 (BY

D=0.868 .
DN = (D-0.85) = 0.8680 — 0.85 = 0.0180

B= [e[-3.5][DN]] -1= [e[-3.5][0.0180]] -1=- 6.106 X 10-2 ”

T10N=T10—215 =255-215=40

Tson = Ts0-260 =282 — 260 22

Toon = Tso — 310 =335 -310 =25 , L




- ASH CONTENT

Wright of bio-diesel = 450g . ' |
Weight of ash recovered = 0.015¢g

=201, 100

450 \ '

0.0033% ;

¢

Cee =45.2 +0.0892 (40) + [0.1510 + (0.901 x — 6.10 x 10?)] (22) + [0.0523

~(0.420 x -6.106 x '*%)] (25) + 0.00049 [(40)* — (22),] + (107 x -6.106 x '

%)+ 60 (-6.106 x 10%)] = 45.2 +3.3568 + 3.322 + 7.719 + 0.54684 — 6.5334

+2.22369 x 107 = 54.046 = 54 o

S
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