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Abstract
Due to increasing popularity of Biodiesel in therldceach and every property is important while desng an Engine.

Biodiesel is basically Fatty Acid methyl ester lsheel, a long chain of triglycerides and the alobim the presence of catalyst forms
ethyl esters and the glycerol that process is knawiransesterification, if the free fatty acid temt percentage in the oil is more
than 2.5 % then the process by which the oil isredied to ethyl esters is known as Esterificatmlofved by Transesterification.

In this study we mostly concentrate on the Chenpoaperties; The Chemical properties like Acid \&llodine Value are having
statistical correlations with the Gross CalorifiaMe of Karanja Oil Methyl Ester (KOME). We haveakhown in the paper, the
individual properties have how much percent statidtcorrelation with the gross calorific value, weave calculated it by Least
square Approximation of Linear Regression.

Keywords. Biodiesel, Transesterification, Esterification, &acterization of Biodiesel.
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1. INTRODUCTION:

Now a day’'s Energy crises is one of the importasti¢ for us,
fossil diesel has utilized everywhere in the woftd the

production process of the industry, Transportatieotors and
also used in ships, motor vehicles, Etc. but thdsson

produced by that fossil diesel after burning isyvieeffective

for our health and also for climate, it increasspallution

and the global warming. Fossil diesel contributesoat 80 %
of the world’s energy needs [1, 2, 3].

Most of the country in the world that are agrictédy due to
fluctuating global prices of the crude oil has dwexse impact
on economy of many nations especially oil importing
countries, apart from the fossil diesel is non HAewable
source of energy, due to the depletion of fosgtéli fuels, the
prices are also increasing day by day ultimatelgads to the
economic recession in the various developing casitf we
see the previous data the diesel consumption itselfidia
2008 — 2009 was 51.7 million Tons and 159.7 millimns of
CO, was likely to be generated by such usage of fakegel

[4].

Basically, Karanja is a medium sized fast — growengrgreen
tree, which reaches 40 feet in height and spreauhifig a
broad, spreading canopy casting moderate shadeirghom

Photo 1.The time needed by the tree to mature safigen 4
to 7 years and depending on the size of the treeyittld of
kernels per tree is between 8 to 24 kg and thel yipotential
per hectare is 900 to 9000 kg/hectare [4].
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The plant is also said to be highly tolerant arithitsg and can
be grown in various soil textures viz. stony, saadd clayey,
it can also grow in humid as well as subtropicaliemments
with annual rainfall ranging between 500 to 2500 far4].

Most of the researchers have put the statementtitbés is
having oil content 30 to 33% or 30 to 40 %. It iecof the
few nitrogen fixing tree. This spice is commonlylied
Pongam, Karanja, pongamia, or a derivation of thesmmes.
Flowers are pink, light purple or white showing photo 3.
Pods are elliptical, 3 to 6 cm long and 2 to 3 cideythick
walled and usually contain a single seed. Seedd @r® 20
mm long, fig oblong and light brown colour showiimgphoto
2 [4].

In its natural habitat, the maximum temperaturegesn of
maximum from 27 — 38C and minimum 1 — 6C. Mature
trees can withstand water logging and slight forast— dried

karanja kernels have typically 19% Moisture, 27 Béatty Oil,

17.4% Protein, 6.6% Starch, 7.3% Crude Fiber ad®2Ash.

The oil is used by common people due to its low eosl easy
availability [2, 4]. The fatty acids composition kéranja oil

has been reported Table 1:

Table 1: Fatty Acid Composition of Karanja Oil [4].

Fatty Acids | Formula | Structure | Weightin %
Palmitic GeHs0, 16:0 3.7-79
Stearic GeH360- 18:0 2.4-8.9

Lignoceric | GgH,qO, 24:.0 1.1-35

Oleic CigH340, 18:1 445-71.3
Linoleic CigH3.0, 18:2 10.8-18.3

Photo 1: Karanja Tred”hoto 2: Karanja Seeds
Photo 3: Flowers of Karanja

The Equations were developed for the calculatiohghe
Gross Calorific Value of Karanja Oil Methyl Estdrem Acid
Value and lodine Value.

The Equations between Acid Value and the Grossrifialo
Values are for Karanja Oil Methyl Esters.

Gross Calorific Value (kJ/kg) = 45.4 — 0.671 x Acid Value
(mg KOH/g).... D

Then after that, we were developed the Equationwdmn
lodine Value and Gross Calorific Value are for KgeaOil
Methyl Esters.

Gross Calorific Value (kJ/kg) = 45.4 — 0.0993 x lodine Value
)]

Then after that, we were developed the Equatiore/dsm
Acid Value and lodine Value and Gross Calorific Malare
for Karanja Oil Methyl Esters.

Gross Calorific Value (kJ/kg) = 45.4 - 0.033 x Acid Value -
0.0945 x lodine Value .... 3)(

2. MATERIAL & METHODS:
2.1 Acid Value

The term Acid Value is defined as the number ofligrdms
of potassium hydroxide required to neutralize thee ffatty
acids (FFA) present in one gram of oil or fat. dtrelative
measure of rancidity as free fatty acids are ndsrfafrmed
during decomposition of oil glycerides. The value dlso
expressed as percent of free fatty acids calcukdedleic acid

[7].

As per the ASTM D6751 standard, the Acid valueibbofat
can be measured by D664 standard and as per Ear@p¢a
14214 Standard, the Acid Value of oil or fat cannbeasured
by pr EN 14104 standard. The maximum limit | gifenAcid
Value 0.80 max as per ASTM D6751 and 0.50 max a&pe
14214 standards. The unit is used for Acid Value K@H/g
[5].

The Acid Value is determined by directly titratitige oil or fat
in an alcoholic medium against standard potassiydndxide
or sodium hydroxide solution, most of the reseacheave
used these principle while determining the Acid uéabf oil
of fat [6].

In this research work we have taken the karanjamathyl
esters and its blends in the step of 10 i. e. BO&af Diesel),
B10, B20, B30, B40 upto B100 (Neat Biodiesel). At
biodiesel percentage increases in the blends simediusly
the Acid Value of Blends also increases and visersa. The
below graph 1 is showing how the Acid Value of KaeaOil
Methyl Ester blends increases as the percentafyessif diesel
decreases.

Blends versus Acid Value of KOME

Acid Value (mg KOH/g)

BO0O B10 B20 B30 B40 B50 Eoe0 E70 B&0 B90 B100
Blends of KOME

Graph 1
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2.2 lodineValue:

The lodine Value of an oil or fat is defined as #meount of
lodine grams which reacts with 100 grams of the oil fat.
The lodine Value is a measure of the unsaturatfdiate and
oils and hence their potential to become oxidiZEue oil is
treated with an excess of lodine Monochloride ituon in
acetic acid. The amount of lodine absorbed is detexd by
back — titration with standard sodium thiosulfadéution. The
lodine Value indicates the drying quality of ohgtdrying oils
having higher lodine Values. The lodine Value is reél
significance in the examination of fatty oils sinemst fatty
oils have their own characteristic iodine Value [8]

As per ASTM D6751 standard, the lodine Value ofarilfat
do not have any standard method for measurement@mdbt
have any specific unit for it but in European EN214
standard is having provision for measurement ofned/alue
by pr EN 14111 standard. As per the EN standardirttieis
given for lodine Value 120 max [5].

In this research work we have taken the karanjamathyl
esters and its blends in the step of 10 i. e. BO&a{ Diesel),
B10, B20, B30, B40 upto B100 (Neat Biodiesel). At
biodiesel percentage increases in the blends simediusly
the lodine Value of Blends also increases and wioeersa.
The below graph 2 is showing how the lodine Valde o
Karanja Oil Methyl Ester blends increases as theguegage of
fossil diesel decreases.

Blends versus lodine Value of KOME
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lodine value

B0O B10 B20 B30 B40 B50 BoO B70 B80 B90 B100
Blends of KOME

Graph 2

2.3 Gross Calorific Value:

The lower (LHV) and the higher (HHV) heating valuase
measures of a fuel’'s heat of combustion, with thfemnce
between them being the water's heat of vaporization
Biodiesel contains on average 10 — 12% w/w oxygemich

leads to proportionally lower energy density andatimg
value, thus more fuel needs to be injected in otdexchieve
the same engine power output. Some of the Researbhhee
measured the Heating Value of the biodiesel, apit tiiends
can be measure by ASTM Standard D 240 or as per DIN
Standard of DIN 51900, DIN 51900-1, and DIN 5190@®2N
51900-3test methods [3, 5]. We have used Bomb Qadtoer
Apparatus in the measurement of Heating Value beitet is
no specification as regards the biodiesel heataigey neither
in the EU nor in the US. The Karanja biodiesel HeiGross
Heating Value decreases as the fossil diesel p&gen
decreases or the biodiesel percentage increadés inlends.
For Gross Calorific Value we have taken here blendthe
step of 10, like BOO (Neat Fossil Diesel), B10, BB30, B40,
B50, B60, B70, B80, B90, B100 (Neat Biodiesel).

The below graph 3 is showing how the Gross Catokfalue

of Karanja oil Methyl Ester blends decreases agp#reentage
of fossil diesel decreases or the percentage oflidsel

increases in the blends.

(Blends versus Gross Calorific Value of KOME)
== Grass Calorific Value (ki/kg)

L T R R T
L -~ T — T C R "N

(%]
ry

[ 2]
]

BOD B10 B0 B30 B4D B50 B&0 B70 B20 B90 Bl00

Gross Calorific Value (k]/kg)

Blends of KOME

Graph3

3.RESULT & DISCUSSIONS:
3.1 Acid Value ver sus Gross Calorific Value

Acid Value versus Gross Calorific Value graph iowsimg
below; In this graph we have seen that as the Agillie of
Karanja Oil Methyl Esters blends Increases simeitasly the
Gross Calorific Value of Blends decreases. Whety fatids
are present or in case of used oils, the acid vahment
should be determined not because it gives anytdinddence
of corrosion hazard, but to sound warning that raosion test
might be revealing. The acid value of good oil mbstless
than 0.1. Increase in Acid Value should be takemdiator
of oxidation of the oil which may lead to gum arddge
formation besides corrosion.
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The Acid Value of fatty oils may vary from 0.2 t® @nd it
shows the extent of hydrolysis of glycerol estethaf oil. The
below table 2 shows the Expected Acid Value from mhass
of the oil or fat has to be taken for test.

Table 2: Expected Acid Value from Mass of Qil.

Expected Mass  of| Accuracy of
Ac% value Test Weighing
Portion Machine

<1 209 0.05¢

lto4 10 g 0.02 g

4to0 15 25¢g 0.01g

15to 75 05¢g 0.001 g

>75 0.1g 0.0002 g

Measured Acid Value versus Measured Gross Calorific Value
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Graph 4

3.2 lodineValue versus Gross Calorific Value:

lodine Value versus Gross Calorific Value graphsthewing
below; In this graph we have seen that as the éotfialue of
Karanja Oil Methyl Esters blends Increases simelbassly the
Gross Calorific Value of Blends decreases. lodira@u¥ is
intended as a measure of unsaturation and at ftrieegsed as
a quick alternative to oxidation tests of minerdk.olodine
Value indicates the drying quality of oil, the drgioils having
higher lodine Values.

lodine Value is of real significance in the exantio of fatty
oils since most fatty oils have their own chardster lodine
Values. Solid fats possess lodine Value less tlawiereas
drying oils possess lodine Values more than 140ewthie
lodine Value of non — drying and semidrying oilsiga from
50 to 140.

Iodine Value versus Measured Gross Calorific Value
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Graph 5
The iodine Value of fatty acids may vary from vaisoranges
and it may vary according to the various mass bboifats.
Some of the values are given in table from which hase
taken in the consideration from the mass of ofats.

Table 3: Expected lodine Value from Mass of Oil [6].

Expected loding Max. Weight of| Min. Weight of
Value Test Portion Test Portion

5 6.3460 5.0770

10 3.1730 2.5384

50 0.6612 0.5288

100 0.3173 0.2538

150 0.2125 0.1700

200 0.1586 0.1269

Table 4: Expected lodine Value from Mass of Oil [9, 10].

lodine Value Range Oil Sample in (g)
<20 10g

21 to 60 0.25t0 0.50 g

61 to 100 0.15t00.25¢g

> 100 0.10t0 0.15 g

4. CONCLUSIONS
41 Statistical Correlation between Acid Value&
Gross Calorific Value;

The below given equation gives the statistical elation
between the Acid Value& the gross calorific Valdekaranja
Oil Methyl Ester,

Gross Calorific Value (kJ/kg) = 45.4 — 0.671 x Adldlue
(mg KOH/qg) .... (Equation 1)

There is a strong statistical correlation betweeidA/alue&
the Gross Calorific Value because after the stedisanalysis
R2 shows the value 95.10 % only, it means that Abig
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Value& Gross Calorific Value have 95.10% Correlatio 4.3 Statistical Correlation between Acid Value,
between them. By this correlation we have Calcdla®eoss

Calorific Value and have shown Calculated Grossofifat lodineValue & GrossCalorific Value:
Value versus Measured Gross Calorific values orgthph. The below given equation gives the statistical eation
N between the Acid Value, lodine Value & the gros®iiic
Caleulated versus Measured Gross Calorifie value Value of Karanja Ol Methyl Ester,
37 38 39 40 41 42 43 44 45
45 ! ‘ ! ! ! ‘ ! T8 Gross Calorific Value (kJ/kg) = 45.4 - 0.033 x Adidlue -
_ 44 44 0.0945 x lodine Value ... (Equation 3)
g'f 43 43
& 42 42 There is a strong statistical correlation betweanidA/alue,
5 41 41 lodine Value& the Gross Calorific Value becauseemafihe
§ 40 40 statistical analysis R2 shows the value 99.10 %,dhimeans
5 39 39 that the Acid Value, lodine Value & Gross Calorifialue
'53 38 1 38 have 99.10% Correlation between them. By this taticen we
37 37 have Calculated Gross Calorific Value and have show
36-3.? P B e PR 36 Calculated Gross Calorific Value versus Measuredser
B e Calorific values on the graph.
Graph 6 Galeulated versus Measured Gross Calorific Value
36 37 38 39 40 41 42 43 44
4.2 Statistical Corrdation between lodine Value & 44 [ ; ; ; ' ‘ ‘ ' 1 as
Gross Calorific Value: I > =
~ 42 42
The below given equation gives the statistical @ation f 41 41
between the lodine Value & the gross calorific \élof g 40 40
Karanja Oil Methyl Ester, % 39 25
Z 38 38
Gross Calorific Value (kJ/kg) = 45.4 — 0.0993 xitaValue = - -
(Equation 2) 26 26
3|6 3I7 3|8 3l9 4|0 4‘1 45. 4I3 4:}
There is a strong statistical correlation betweeidA/alue & Calculated G.CV. (k] /kg)
the Gross Calorific Value because after the stedistnalysis
R2 shows the value 99.10 % only, it means thatltliine Graph 8
Value & Gross Calorific Value have 99.10% Correlati
between them. By this correlation we have Calcdla@eoss At last we can conclude that,
Calorific Value and have shown Calculated Grossofifat i. The Acid Value individually is having 95.10%
Value versus Measured Gross Calorific values orgthph. statistical correlation with the Gross Calorific I\,
because of this accuracy we will get most accurate
Calc“latei:gﬁfxi‘lu‘g&ﬁf?}‘g rss ELILIE UL Gross Calorific Value of Karanja oil Methyl Ester
s 37 s s ’ w0 a1 4 a3 aa from the given relation and it is the most impottan
44 | 44 property in the calculation.
_ 43 . L 43 ii. At the same time we have seen the relation between
£ 5] L4z lodine Value and the Gross Calorific Value; in this
'f. 41 L 41 relation we got the individual property lodine Valu
g a0l Lop having 99.10 % statistical correlation with the &0
3 30 | oo Calorific Value of Karanja Oil Methyl Ester. Becaus
g . [ 28 of this accuracy this property deserves its pasitio
= 0 [ a7 the calculation.
26 ] [ a6 iii. Future Scope of this study, at last if we considere
36 37 38 39 40 41 42 43 44 the more other physio — chemical properties in

Calculated G.C.V. (K]/ke) combination in the statistical analysis then anehth

only we will get most accurate results from the
Graph 7 statistical Equations and it will definitely help the
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calculation of engine combustion parameter
designing in future.
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