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Figure 1- The process of biodiesel production from vegetable oil
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Table 1-The chemical structure of fatty acids in vegetable oils [7]

Fatty acids of oils | Trivial name of fatty acids Chemical formula Chemical structure of fatty ethyl ester
Ci8H360;
iti i o
Palmltlc. Acid Hexadecanoic acid R-(CH2)1s_CHs |
(ClGO) 7 \0//\\/ /\\// \\//\V/\//“\ V/m\\//\ CH,
CZOH4OOZ
. . o
Stearic _ACld Octadecanoic acid R-(CH,)15-CH3 L
(C18:0) M 1 S e VI Y
C20H350;
o
N X
Oleic Acid ) . R-(CH,);-CH=CH-
(C18:1) 9(2)-Octadecenoic acid (CHa)-CHs
CHj
CaoHz3602
o
/\o NN
Linoleic Acid 9(Z2),12(Z)-Octadecadienoic | R-(CH,);-CH=CH-CH,-
(C18:2) acid CH-CH-(CH)s-CHs
C20H3402
0
/\o NN
Linolenic Acid 9(2),12(2),15(2)- R-(CH,)7-(CH=CH-
(C18:3) Octadecatrienoic acid CH,)3-CHs
R is fatty ethyl ester (Biodiesel) CH3CH20CO-
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Table 2-The mass fraction of ethyle esters of biodiesel

Biodiesel feedstock mass fraction of fattyacid ethyl ester

C18:0 | C20:0 | C20:1 | C20:2 | C20:3

Sunflower 48 9.39 | 23.13 | 53.66 0.8

Canola 5.2 14 66 18.9 8.5
Soybean 8.45 2.68 | 4363 | 36.3 8.93
Corn 6.11 | 12.39 | 25.87 | 54.7 0.93

Olive 11.8 4 735 8.9 1.8
greepseed 6.79 39 214 67.1 0.81

1. Correlation Coefficient
2. Root Mean Square Error
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Figure 2- The detected ethyl esters of GC-Mass related to biodiesel of vegetable oils
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Table 3- The thermo-physical properties of biodiesel produced from sevral vegitable oils

Biodiesel feedstock IZ()ES/SII_t)y Vl(sccsos)lty Hez(i,t\l/lrﬁk\glue l\?t?rtr?ggr
Sunflower 0.88 45 39.90 56.2
Canola 0.884 431 39.88 54
Soybean 0.884 458 39.90 51.3
Corn 0.873 471 39.89 62.9
Olive 0.878 4.73 39.91 56.7
greepseed 0.882 441 39.65 51.6
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Table 4- Estimation of Regression Coefficients

Coefficient estimates

Biodiesel properties R?
c, | ¢, | ¢ | ¢ | C

Density (kg/L) 0.860 | 0.809 | 0.879 | 0.895 | 0.922 | 0.9484

Viscosity (cSt.) 2.752 8.410 4.963 4.144 2.740 | 0.9169

Heating value (MJ/kg) | 39.460 | 40.199 | 40.051 | 39.856 | 39.351 | 0.9731
Cetane Number 94.100 | 98.924 | 58.526 | 40.226 | 19.652 | 0.8789
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Figure 3- Calculated and measured values of biodiesel properties
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English Abstract

Effect of Fatty Acid Ethyl Esters in Biodiesel on Thermo-physical
Properties

B. Najafi' and S. Faizollahzadeh Ardabili?
1- Department of Biosystem Engineering, Univercity of Mohaghegh Ardabili
2- Department of Renewable Energies, Univercity of Mohaghegh Ardabili
(Received: 2016.7.9, Received in revised form: 2017.2.3, Accepted: 2017.3.9)

Biodiesel fuels generally contain five types of fatty acid ethyl esters (Palmitate, Stearate, Oleate, Linoleate
and Linolenate), which affect the thermo-physical properties of biodiesel fuels. The effects of each of the
mono ester of fatty acids in biodiesel on the thermo-physical properties (density, viscosity, heating value and
cetane number) were examined. Biodiesels were produced by transesterification method using ethanol and
sodium hydroxide catalyst and seven types of vegetable oils (sunflower, soybean, canola, olive, corn and
grapeseed). Thermo-physical properties of each sample were measured according to ASTM standards. For
each of the properties, a nonlinear regression model based on five independent variables of the fatty acids
ethyl esters (FAEE) were presented. The correlation coefficient regression models for density, viscosity,
heating value and cetane number were obtained equal to 0.9457, 0.9169, 0.9731 and 0.9029, respectively. The
results showed that of the ethyl stearate (C18=0) impact factor on the density is equal to 0.803, which is lower
than the standard (0.86), and Methyl Linolenat (C18=3) impact factor on the density is 0.913, which is more
than the standard (9.0). Ethyl Stearate(C18=0) impact factor on the viscosity is equal to 8.41, which is higher
than the standard (6). Also, Ethyl stearate has the greatest impact on heating value of biodiesel, and Ethyl
Palmitate (C16=0) and Ethyl Linolenate (C18=3) have the smalles impact. Impact factor of Methyl Linolenate
(C18=3) on the cetane number of biodiesel is 19.652, which is less than the standard (47). So, by increasing
the amount of saturated fatty acids (especially ethyl stearate), viscosity, heating value and cetane number of
biodiesel fuel increase, but the density decreases. If the heating value and cetane number of fuel increase, the
engine power is increased, but if the viscosity increases and density dicreases, the atomization of the fuel is
incomplete. Therefore, the production of biodiesel from vegetable oils with high saturated fatty acids
increases the engine power.

Keywords: Biodiesel, Fatty Acid Ethyl Ester, Thermo-Physical Properties, Modeling
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