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ABSTRACT

Heterogeneous catalysts are promising catalysts for optimal biodiesel yield from lrfmsesrcril'u:atiun of
vegetable oils. In this work calcium oxide (CaQ) heterogenenus catalyst was synthesized from eggshell,
Calcination was carried out at B"C for Sh and characterized using Fourier transform infrared
spectroscopy. Catalytic efficiency of Ca() was tested in transesterification of Crude Iatropha il (CJO). A
biodiesel yield of 87% was estimated at L.75wt %% catalyst, 5 min reaction time and 60°C temperature. The
density, flash point, viscosity,acid value, indine value, cloud paints, pour points, water content and fatty acid
composition of biodiesel were determined and compared to ASTM and EN standard, The physical
propertics of the hiodieselwere agreed with the standards. The fatty acid predominantly composed of 15
Octadecanoic acid, Heptadecanvic acid and 14-methyl-8-hexadecy with a percentage composition of
22.31%, 10.58% and 10.03% respectively. The biodiesel produced had low unsaturated fatty acids (.40%,
and the saturated fatty acid was 22.31% which indicate good oxidativn stability.

Keywords: Biodiesel, Jatrophacurcas  oil Transesterification, Heterogeneous catalyst,  egoshell  Gas
Chromatography-Mass Spetrophotomer (GCMS)

1. Introduction

Energy is for accessing the level of human economic dev
2012).Petroleum is presently the most dominant so
consumption of the petroleum-derived fuel is on the i
humanpopulation. Petroleum-derived fuel prices
are greatly contributing to environmental po
warming resulting from the combustion of fossi

fuels to the production and use of cnvirunmenta]ly friendly (panahi, 201 3). Biofuelsare

rencwable fuel derived from biomass Biofuel t i ; :
i - . ypes include b -ale o
Biodiesel has gained attention as a renewable, biodegradable ot Heohiol sug beadieed

i ; : » NOn-toxic, and environmentall
friendly alternative 1o petroleum diesel due to jts lower emission of : I'U /
al., 2009), Feloussgases (Lo
Bmdne;e]s are promising aliernative fuels for dies

Stralegic  advantages (A . g

und  Elhameed 2014) Biod; !
transesterificati ' i o = 4)-Biodiesel can  be 5 ki
b Ea:a[: gltmr}_l of triglycerides (vegetable o1l with methang| using homo Pr‘GdULEdsic of
& eneous ba
reactor L‘Dl‘ri'\'iun :] -w?n Lhe 1 of homogeneous catalysts causes man E'I'“h] ems such as
e : » S0ap formation, difficulty in reuse of s, and th f pd tion Slﬁ \
of waste wat ich inereae 4 © production of large
overcome this draw ;;;k'r':i:;c‘h o s¢ the overall cost for biodiesel Pmﬂ“““‘;ilz: order %0
o, _ S:.the production of biodiese] using hete : i
Ceiving more attention, because of case of catalyst ont s bk A e
Lt o

: -usabiljty separatj : :
catalyst re-usabilityand low Energy-consumption(Canak i foration from the reaction mixure,
heterogeneous catalyst such as : Cland Gerpen

elopment globally(Motasemi and Ani
urce of global energy supply. The
Ncrease, due to economic increase and
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been used for the production of higd;
(Bokhari, 2015). lodiesel from varigys edible and non edible vegetable oil

Calcium oxide has attracted a special i :
in nature (Buasri and Lur}'uen}’[:}r::gmlzlg fesre{sjt due to its low cost, high activity, and abundance
] s )-One of the best methods for obtaining CaOis the
decomposition of calcium ¢ ;
prnduclssn like ':gEShlr:l]sl:"-‘t?’irju.ﬁgEl tl?hlif: Cfﬂjljﬁl):résem I THneTal. BUChL a8 cadcy e or anima
2015), waste Shells of Mussel, Cockle, and Scallopicii of” o chasnells (Buastier al,
clam, crab shell, or b ’ T callop(Buasriet al., 2013), shells of razor and surf
L » O pork bone,Mussel, cockle, andscallop. CaOof very hi ity could be
obtained from renewable sources by waste vaI(’m'zatiun ﬁp ) o dl'}‘ IBh purity thu ;
industry. Different researchers have reported th e e Scl ARl 0
- adaction of Biodicsel. B 3 porte ! e application of calcium oxide for the
P : todiesel. Buasriet al. (2015) studied the effect of CaQ catalyst on biodiesel
production of JCO with a catalyst range of 2 - 6wt%. It was reported that there is a rapid yield
in biodiesel a3 the catalyst concentration increase from 2-4%. The biodiesel yield decrease as
th_ﬂ catalyst increase from 5-6wt%. This is due to the formation of slurries which were too
viscous for adequate mixing. The optimum conditions that yielded 93% for both waste shell-
derived catalysts (Ovster and PyramidellaShells), were 5min reaction time, microwave power
of 800W, methanol/oil molar ratio of 15, and catalyst loading of 4wt%. The experimental
results show that CaO catalyst had excellent activity and stability during reaction.Marwan and
Indarti (2016) reported the biodiesel yiclds at various catalyst loadings 0-5wi% for the
transesterification of palm oil with methanol at a 1:9 molar ratio, At initial stage the biodiesel
rapidly increased from catalyst range of 0-3wt% to give biodiesel yield of 55.6%, whereas the
maximum vield was 59.2%, using 4wt% catalyst. However as the catalyst loading increased
rom 4.0wt% to 5.0wt%, biodiescl yields continued to decrease This was due to the lack of

mass transfer at higher catalyst loadings.

rted that the best yield of 96% was obtained using microwave
oil to methanol 1:6, 8wi% Ca( derived from egeshell
£ 7 min. The yields of biodiesel was decreasing by
alyst concentrations range of 3 - 8 % microwave exit
tion temperature. Although at higher catalyst
by increasing the reaction time the

Ani and Elhameed (2014)repo
exit power of 300W,with a molar ratio of
waste and the optimum reaction time o
increasing the reaction time,within the cat
power and this is due to increasing the react
concentration of 8%wt, biodiesel yields are higher but
biodiesel yields will reduced.

oil has been employed for the prmlluctitun
of biodi - il bearing § rcscafuhcrs_halve _rf:purlcd the application
of mi::iliﬂznn j:f:‘;;;!: I:liaxide (%,‘a(}) for the proquctloq of hmda;sel:B-.I:asr:e]rgsﬂg?]:ﬁ
reported the effect of power during the transesterification ::nf Jatrﬂ)ha j;lnl:;g:ejr; o, 600 W
The jatropha biodiesel yield were | 50W(26.58%), 300W (45.8 /ujl:l % hjgl-'lﬂr N e
(75.90%, and 800 v (33.92%) for oyster shell. It was observed that the FETE PLl G,
power gave rise to higher biodiesel yield. The optimum condmunsl, W mt_ :1 o
OF oil of nearly 93% for both waste shell-derived catalysts, wWere nmu;:lul.:nnw:zl T S o tha the
Power B00W, methamol/oil moar ratto 15, and catalyst loading duse o o ense localized
s chﬂn;d'mns are seceleaied by el E“f“'rl‘g rrl'uduct yields in a short
heating and théreby ecelerating the chemical reaction and giving high P

time,
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Joshi efal. (2016) reported the effect of MW powers [rom 300W- ‘?QQW. [he yields of algal
biodiesel were found to increase from 45.6% _61'4%;. Jatropha biodiescl _4!,3@*0-5.3.(}%;
whereas. the yields ol Pongamia biodiesel were obtained 39.8% R 35.3%. To nh[u‘m the
maximum }'ic]ll.fﬁ of biodicsels using optimum MW power, cxpcrmjents_ were p{:[—.fnrm@d
using 5.0 g of oil, 3w1% of Cao catalyst, 12:1 methanol.oil with a reaction time of 3min. The
biodiesel yields were initially increased with MW power [rom 3Uﬂ“'l to ?UU"-":"; however.
aleoholysis reactions at 800W and 900W have shown negative cffect on b‘deesci ¥iclds, [t was
observed that the reaction yield increases with increase in MW irradiation power; howe er,
il the MW power is too high it may degrade the triglycerides to FFA and ft!sct makes
highly disordered and drastic molecular interactions which has some adverse cffect on
biodicsel vields. Therclore, 700W of microwave power is considered as the aptimum MW
power for the present studies, The aim of this study was to determine the I'ucl*l properties and
oxidation stability of biodiesel produced from microwave assisted transesterification of JCO
using ¢gp shell derived calcium oxide.

2.METHODOLOGY

2.1 Materials

Jatropha Curcasoil was obtained from chemical Engineering Department Federal University of
Technology Minna. Egg shell was obtained from Minna. Methanol was purchased from a
Panlac chemicals in Minna, Niger State.

2.2 Method

2.2.1 Catalyst Preparation

The solid heteropeneous catalysts were prepared by a calcination methodin which the egg shells
waste were washed with distilled water to remove unwanted particles and oven-dried at low
temperature, and the dried waste shells calcinedat 800°C in a muffle furnace for 5 h The solid
result was crushed and sieved 1o pass 100-200 mesh screens. The products (38-75 um) were
abtained as white powder. All calcined samples were kept in the close vessel to avoid their
reaction with carbon dioxide (COy) and humidity in air before being used. The Ca0 catalysts
were obtained as white. This catalyst contains CaCO; which is converted o CaQ) after
calcination at 800 lemperatures for Sh

2.2.3 Transesterification of JCO

The transesterification was carried out in a 500 m| glass reactor equipped with sensor and
mechanical stirrer, placed inside a household microwave oven. The fixed 70ml of JCO and the
SWI% 00 eatalvere wne « . o
1. 75w1% CaC) ;.maI}_srs Wik :I{id_ed to the reactor. Then the methanol was introduced to the vil at
constant methanol/oil molar ratios ot 12:1. The reaction was eperated at 50-60°C with varied

reaction time ol 5-20min under microwave irradiation. A fier the reaction was completed the
:Hunl‘lplu was allowved 1o stand at room lemperature for 5 mi n; the reaction mixture was pourcd
|r131du_ the separating funnel Two layers were formed wherein the upper Jayer was yellow
color including mixiures of crude cthyl ester, while the botiom layer was dark brown containing
elyeerol, the ¢rude cthyl ester was separated and the excess plveerol (residual catalyst and
methancl) washed with T0ml warm distilled waler twige in g .SL:]');'IFMUT funnel The ester phase
Was placed in a glass exhinder 1o allow (he UNXCUss water dry oft at room temperature The
washed ethyl ester wag then oven dried -
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2.2.4 Characterization of biodiese
The biodiesel produced wag slightly was .
R 2 ashed with war T .
to determine 1ts properties, The foﬂnwmg nilr:unete::‘:::- ::;?;:_jei iwactler and then characterized
Mmiine
Determination of Moisture Content

5g of the sample was weighed |

then transferred into the oven set 4 100°C index ap
24 hours the crucible plus sample

and cooled for 10 minutes and
Given that,

The weight of empty erycible = Wy
Weight of crucible + sample = W)
Weight of crucible + oven dried sample =

O a weighed crucible. The crucible and sample taken were
d allowed 1o dry overnight. At the end of the
WETE remaoved from

: the oven and transferred to the desiccator
eiplied.

W3
. W3 — g
% Moisture Content =

W1 g X 100 (1)

Determination of Specific Gravity:

. ec A 50 ml neatly dried empty bottle was measured, its
weight taken as x; Distilled water was used to fill the bottle, weighed and reported as x; Same

density bottle was used but the water was substituted with biodiesel sample after drying, the
weight of the bottle with biodiescl was recorde

d as x3 then the specific gravity was evaluated
using the following equation,
- ; X3 — X,
Specific Gravity = =22 (2)
fa—x

Determination of Density:This was determined by measuring the oil in a 250 ml graduated
cylinder and inserting into the cylinder a known mass of an hydrometer to note if it floats in the
oil or it can be calculated from a known specific gravity of the oil with weight of water (1000
g) and then the density was calculated using equation 2

; _ Weight of oil (3)
DFHS'II}' " Volume of atl

Determination of Cloud Point: Biodiesel was poured into a fixed level Jar for a test; it was
then put into a hot water bath. The measured temperature where the biodiesel start to form

cloud around the base of the jar now becomes the FAME cloud point (Gerpen and canakeci
2001)

: 0
Determination of Pour Point: Biodiesel sample was kept in a freezer at a temperature of 53:] C
until it solidified. The pour point now became equal to the base temperature in the jar at which
the biodiese] started to gel (Lapuertae! af ., 2008),

Delnrminarion of Kinematic Viscosity: A viscometer with o third splindlc _\:.'as p]gc;d |_nsldihn

aker filled with hot biodiesel of 40 °C and aIJs_JwL_-d to stay for a period of dt!mnt n:_llnl ::
the speeq o the spindle set on autamatic. The bmdu:s_c! wis allowed 1o !]f’w- 'r.e-cu:!r-ll:]-.l il
MENiseus moved from the initial marked time to the 11_m1| |11;1|:L' ‘_'uni 1h?_l"‘_“1d'"%b_ .Ib:[! :u:[fl¢.j o
the sereen of the viscometer. A stop watch was used for the tining, this step was repe

MOre time, the yean value was recorded and that gave the viscosity of the biodiesel (Lapuertaer
al ., 2{]['3)_
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i ai nd flame was
Determination of Flash Point Biodiesel was placed in a closed contl:i'ml:n;ffe ?]"l!’]‘lﬂ burnt lzuTt
on it, A thermometer was used 10 observe the temperature \'""']u'_: at w E I av:fra B Yoas 1 kht
. : A5 ol
end with a pop sound. This process was repeated up o four times and the . e

which gave the Mash paint{Verma er ol 20016).

Dctermination of Acid Value and Free Fatty Acid:Two grams of the oil w:!u_ dl_ssttvlvfad in 30
ml of the neutral selvent in 230 ml conical flask, 3 — 4 drops of phcnoiphthd.u.ﬂ In{jc_dmr was
then added and ttrated against 0.1 M KOH the content was constantly shaked antil a pink
colour which persists for fifteen seconds was obtained

) Titre value x0.1 M KOH=56.10 4
= =mgkKOH (4)
Acid value = Weight of sample{g) g }‘Q

FFA :ﬂa:ﬁz mgKOH /g (3)

Determination of lodine Value

lodine value measure the degree of unsaturation in vegetable oils. This value of oil or fat is
defined as the weight of iodine absorbed by 100parts by weight of the sample. The iodine value
is mostly used for identification of oil or to assign a particular group to the oil. The common
method of determining iodine value is Wijis" method. 0.25¢ of oil was weighed into iodine
flask and it was dissolved into 10ml of chloroform. 25ml of Wiji’s iodine solution was mixed
vigorously and allowed to stand in a dark corer for exactly 30minute. The excess jodine was
determined by addition of 10ml of |5% potassium iodide solution; 100ml of water was added
and utrated with 0.1M nomal sodium thiosulphate using starch as indicator. The titration was
continued until the blue black caloyr Just disappearcd after VigZorous shaking. A blank
determination was also carried out without the oil with the same condition

{b-a)=1.29

loding = — 227227 J
din Weight of sample (5]

3. Results and Discussion
3.1 Fuel properties of biodiesel

Table I: Fuel properties of Jatropha curcas oil, biodiesel and EN¢

_ b Knothe et al 2006
Propertics Unit Jatropha curcas Biodiesel [N — T — £.2006)
14214
Muoisture _{}E—_'_'—_:a—'_'—‘__‘_—'
Acid Valu _ Fr—— oo, ] T
| FFA 445 o
| Flush Poim |5 1_'.15- —__u'_TH___ = __ﬂi__ e
| Cloud Point N 5 W - ——'—'—n—'———-_.__m_______ .
Pour poing C ___F 6 = _‘——‘—.;9——-——._"_'__ b N
Viscosity 28'C | mmlsee o _—_—_—'——;—}———-_._‘_ sasms ([ o
Viscosity 40°C = Y- e
N R » |
E?c:us_jly | Ke/m' 47T T f;"}z;———_ | 3.5-5.0 - '
Secifie [ Rgim " Tgsg———— 90 ——_j_ﬁiﬂ-_‘ﬁﬁﬂ e
TR el N




Foculny of
i Enginger,
sHECring Fiest biten Cronfe %
’ L e Hrrrr'rru.'r.l'
imference -‘!,rhrll :‘ﬂ.f

]
Gravity
lodine

e l |
'I}tc .u.]_unnmtnc_ characteristic ‘fghindi : 31.93 [=120 | ﬂ
:,;'ﬂz-:,l:l?u:]):‘;::i Zl:t:::;:;: ;:}f th.e impo ﬂ:I?lEL:J ;é1n1i!;1gp§;t§?¢: d]:;ieit r?:' :ctermining it cnmmt_:rciai
biodiesel in this study is gfﬁiglklfss_ 3rcu:nrn‘hus.t'u:m systems (SaH:s: .::.:;. EIETI]{I]I;DT?: éﬁ:iﬁi?ﬁi
density of biodiesel is between EB:;]IK ;-chulﬂml-'- to ASTM D6751 an:d EN l‘l’rl 14 standards, the
the upper limit of ASTM D675 nndgg]'[ll_ 900kg/m’ for biodiesel This result is consistent with
findings of Marwan and Indarti (20 el STE‘_“dﬂl'dS-Tlle value is however higher than the
16) and Buasriet al. (2015) who reported that the densities

of biodiesel i : .
kg;“m,Enwercma;lE gl?dlgﬂ I{Im and Jatropha curcasoils were 888 kg/m' and 879
' ) reported that vaniation in biodiesel densitiesare principally

associated with the differ. i TR
o the Tovdl l_f_TElf:nce in short chain aliphatic acid (fatty acid) composition of biodiesel
impurnty m the raw vegetable oil used as feedstock.

E:;ih E‘;ﬂ::m:?e;l“w‘lguiﬂ temperature at which the fuels will ignite when exposed to flame. A

_ lash point shows that there is no unreacted methanol in the
sample(Terigaret al., 2010). The flash point for hiodiesel is set at above 101 oCand 130 °Cin
the respective European standard (EN 14214) and ASTM 06571. The result obtained in this
work_ for biodiesel produced using egg shell derived Ca0 catalyzed was 105° C and are quite
consistent with this standards. This shows that the biodiesel produced is essentially free from
methanol as even small amount of methanol can reduce the flash point greatly (Terigaret al.,
2010).

Viscosity is one of the 1mportant properties that determines the resistance to flow. High
viscosity can lead to poor atomization during fuel spraying and can cause engine deposits, and
incomplete combustion. The viscosities for biodiesel at 28 ° C (EN 14214) and 40 °C ASTM
0657 lare 1.9-6.0 mm /s and 3.5-5.0 s, respectively. The viscosities obtained in this work
for biodiesel was 2.2 mm Js and 3.8 s for EH':C and 40°C respectively and are quite
consistent with this standard. The viscosity of 5.4 mm'/s of JCO used as ft_:edst_uck was lowered
to 2.2 mm-/s for biodicsel pmduced, and that cunﬁrmls thc transcstanﬁ@tmn process Was
effective. This values lies within these standards and_qurtt; in agreement with the findings of
Marwan and Indarti (2016) who reporied that tl:.c viscosity of palm oil melth)rl ester 15 4.5
mm?/s by using sea shell derived CaO catalyst. The resultlalsn_shows appreciable cm}mstent::y
with the findings of Buasrief al. (2015) who reported the viscosity of Jatropha curcasoil met yl

ester is 4.5 mm’/s by using OYSt€l derived CaO catalyst

ass of KOH in milligrams that is required to neutralise the EC;I:IEC
of biodicse! sample. Acid value is usc to measures the antem‘of ree
hiodiesel sample. According 0 EN I4314 Standard, acid v:_l}u;s m-.:_s;l
js a tract of acid value in this work, which shows that the J(,_T. cu):l:a;b
¢ high FF'A (Yowl) causes svap formation during ulcuhq]yj.wltj ij :h-
f biodiesel from it by-product; as @ pesult it reduced e

Acid number is the ™
constituents in one gram
tatty acids contained 1N
be less than 0.01. There
less FFA (Yewt), becaus :
and lead to difficultics in separation O
¥Eld Eﬁ;?::éwfﬁinluruulIy influences fuel oxidation and deposits forme
injectors (Salouac! el j_EH”].- e ,Udm.u_ peying oil (=13
values are used 10 classify vils as mh%l‘;-w. -LT',]W bch;w"
drying oil (<100) Vegetable ail with 10dine ¥e

' 563

d in diesel enoines
ine 31 93, ledme

value for this study wis dcicrlmnz_;d to be _:I : .dL 1

) semi-drying oil (100-130) and non-

100 and 139 belongs to the groups
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of semi-drying oil. This group of oil absorbs atmospheric oxygen slowly; produce only soft
film after prolonged exposure to air (Alfa, 2010). The iodine value of JCO suggests their use in
production of alkyl resin, shoe polish, varnishes.

The cloud points is defined as that temperature in which a cloud or haze of wax -::r}fs_ta] appears
at the test when the oil is cooled under prescribed condition. The cloud point is aJS:_: the
temperature at which wax first becomes visible when the fuel is cooled (Singh and Singh,
2010).The cloud points for this study for renewable Cao catalysts is 0.9 'C. The values c-b_[amcr_i
in this study is lower than the report of 11 °C byBuasri and Loryuenyong (2017) and Am? and
Elhameed (2014) with cloud points of 6°C. The low cloud points from this study is an
indication that the fuel will performs satisfactory even in cold climate conditions since the
tendency for gel formation is low, because higher cloud point can affect the engine performance
and emission adversely under cold climate conditions.

The pour points obtained for biodiesel was — 2 "C; this values falls wi thin the ASTM standard —
1510 10 "C. The results obtained also shows appreciable consistency with the earlier report of
€ by Bokharier a/ (2015 and - |°C Balat, (2011) but differs with result of Buasriet al. (2015)
and Buasri and Loryuenyong (2017) who reported 9 C and 8 'C respectively. The low values
from this study are due to the higher content of unsaturated fatty acid in raw Jatropha curcas oil.
Although the value was found to be within specified limit but biodiese] from Jatropha oil was
suitable not only for the tropical region but also for moderate temperature region. When the
ambient temperature is below the pour point of oil, waxes precipitates out and loose their flow
characteristic. This wax can block the filters and fuel supply line. Under this condition the fuel
cannot be pumped through the injector.

The water content of the biodiesel was 0.2, this values lies within the biodiesel standards.
According to EN14214 standards, water content is =0.05 for biodiesel standard. This values lies
within these standards and quite in agreement with the findings of Buasrier af (2015) who

reported that the water content of palm oil methyl ester js (0.02) by using renewable CaQ
catalyst

Pt l0L =

3.2 Fatty Acid Composition
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Figure |
- GC-MS graph for Jatropha Biodiesel

Table 2: Fatty aci -
=2t < Tatty acid composition of jatropha seed oil biodiesel

Lines Malecul
H y -
I__Mr— Fatty Acid irtruc;ure .ﬂ;;e)n
C.H,.0. 2 = umber (o
5 (_;T Ilit 5 Octaln_o_u; acid Co:2 1.49
3 c H~=‘ 3 Mymistic acid cll2 2.33
A 10, Dodecanoic acid  C13:2 8.96
: Ci2H40, Lauric acid C12:0 1.47
p 'L‘lﬁ”auUz Lauric acid Cl1s:2 5.75
5 CaotliyO, Arachitic acid ~ C20:0 0.37
':;"-"Hmu Octlano Co-0 2.64
3 (:r.IHsz Heptadecanoic  CIi7:2 18.11
CraHw0, Myristic acid Cl14:0 0.40
10 Ci9H30, 15- C19:2 2231
Ocladecanoic
acid
11 C|gH3303 Hnﬂll::i'l: C]"]'E 530
12 C;;Hlﬁ(): Dﬁlﬂnﬂ clz:2 390
13 CyyHaaO4 Eicosanoic 21:2 1.24
14 C gH3s0n Octadecadienoyl C19:2 618
Chloride
15 C,aHa0 Decanoic Cl12:0 2.56
16 CHah Docasanoic acid  €23:2 2724
17 C,sH:0 14-methyl-8- c17:2 10.03
hexadecy
I8 CasHseO: Heptacosanoic ~ C28:2 0.63
19 CsHso Tridecane C14:0 229
20 CaiHaa Heptadecane Ca:0 1.80

e ily fatty acid in biodiesel are 15-Octadecanoic

redominantly 13
Table 2 showsthat o dr;4—methyl-ﬂ-hexadecy with a percentage composition of 22.31%,

aﬂid,Heptadccanoicacid an e : k had | saturated fatt
tively. Jatropha biodiese! of this work had low unsatura ity
10.58% and 10.03% respee X is 22.31% which is high. This shows that biodiesel with

: fatty acid : ;
z?lgisgqﬂ% :’m; ﬂ::’ iaa::rri[:ei ?atfy acid have good oxidation stability. The findings from this
erceniage

: -t the report of Echimet. al. (2012) that biodiesel from
study show aPer{:mblﬂ_ a%:i‘::.:fa?;i\:!gttigh’ y sElUl'alEd methyl esters have oxidation stability.
\tﬂgetab].e anf.i i mglhundq in their carbon chain is referred to saturated fart_y acid; some of
4y wuhlout d'ﬂubh? ~h'|':.;~ acid octanoic acid, decanoic acid, tridecane acid, hcptad;canc
Ih?e e Launcda;ld,li::‘w g 1 12.0, 14.0,21.0 and 14.0, carbon atoms respectively.
and Myristic acid havi! i

2.0.20.0, 9.0 R e
Pol d fatty aci:!s have either Two or three double bonds :;h:l" :d:lbgn ;’-‘Dl:smv;‘:fdh
oly-unsaturated 1a : d,Heptadecanoic .
&Sﬂitannic acid, Myristic

: anoi 1 LauricAct

Acid,Dodecanoic Acudl. : N .
_ ; S oleic acid, Octano, Eicosanoic Ac_sd. Qctadeca_dwnoyzl hh_l’u{;dg,
Octadecanoic ".&m]d’ imc:h |-8- hexadecy Acid, Heptacosanoic Acid, having 9.2, 115, 10.5
Docasanoic Acid, 14-Methy 565
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152, 17.2,19:2, 12,2, 21.2, 19.2, 23.2, 17.2, and 28.2 carbon atoms. Various i“l‘d."“ on fatty
BT B R B B ' ids in esters with higher

acids and the resulting esters shows that saturated f‘lﬂt_u'f ac:d_a reslt tm -f:tscsrsfalt ! o C;ﬁ:”.{'ﬂar_le
number, higher oxidation stability and higher lubricity w!uilc unsa ;.ll_d o yid't'v rmm.‘.'”
esters with better cold flow whereas polyunsaturated fatty acid result in low oxidative Stability

and high freezing points (Singh ef al., 2009).
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