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Abstract In the present work, the measured cetane
numbers (CN) of pure fatty acid methyl esters (FAME), as
well as the FAME compositions and the reported CN of 59
kinds of biodiesels collected from literature were used to
develop a simple model involving as more FAME com-
ponent as possible for predicting CN of biodiesel from its
FAME composition. Two different regression equations
correlating the CN of pure FAME with the carbon number
of fatty acid chain were obtained by regression analysis,
which shows that the dependence of the CN on the carbon
number varies with the unsaturated degree of fatty acid
chain. The 59 biodiesels were divided into two categories
and used, respectively to develop and test a multiple linear
regression model (MLRM) correlating the CN of biodiesel
with its FAME composition. A simple and convenient
regression equation with a high accuracy and a good repro-
ducibility (average absolute error of 0.49 CN for testing set
and 1.52 CN for all data) were developed, showing excellent
correlation (R*: 0.9904 for testing set). The model developed
in the present work can be used conveniently to give a
satisfactory predicted CN of biodiesel from the FAME
composition.
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Introduction

Biodiesel, a mixture of long-chain fatty acids alkyl esters,
is produced easily by either the transesterification of tri-
acylglycerol from materials such as animal fats or vege-
table oils with alcohols, or the esterification of free fatty
acids (FFA) with alcohols. As a renewable and biode-
gradable fuel with low harmful emission, biodiesel has
similar combustion properties to petroleum-based diesel
and can be used in its pure form or in the form of blends
with diesel in diesel engine [1, 2]. Utilizing biodiesel as an
alternative fuel can reduce our dependency on petroleum-
based energy resources and alleviate the air pollution
owing to the wide use of fossil fuels.

Exhaust emission, one of the important focuses in the
environmental protection, is determined by the combustion
behavior of diesel in the combustion chamber of a diesel
engine, for which the cetane number (CN) is one of the
most significant indicators. The CN of diesel, specified by
ASTM D613, is a measure of its ignition delay time. A
higher CN, a desirable property in diesel engine, indicates
shorter time between the ignition and the initiation of fuel
injection into the combustion chamber. The higher CN is
correlated with the reduction of nitrogen oxides (NO,) and
unburnt hydrocarbons (UHC) exhaust emissions [3], which
is important for alleviating air pollution.

The CN of the test fuel is the percentage in volume of
n-hexadecane (trivial name cetane) in a mixture of n-hexa-
decane (CN = 100) and heptamethylnonane (CN = 15),
which matches the ignition quality of the test fuel in the
same engine under standard conditions specified by ASTM
D613. The CN test procedure is complex and involves
running the fuel in a single-cylinder compression-ignition
engine with a continuously variable compression ratio
under a fixed set of conditions. Although the ASTM D613
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method is the widely accepted test method for CN, it
exhibits several inherent disadvantages, including a con-
siderable amount of fuel sample requirement (~1 L), a
time-consuming process, a relatively high reproducibility
error, and a relatively high cost [4]. Therefore, there have
been many attempts to develop theoretical models to pre-
dict the CN quickly and reliably from bulk properties of
diesel such as density, viscosity, aniline point, distillation
temperatures, chemical composition, saponification num-
ber, iodine value, and so on [5-8]. Ladommatos et al. [7]
tested the accuracy of 22 equations for predicting the CN of
diesel from the above mentioned properties, by comparing
the predicted values of 563 fuels with the measured values.
It is found that several equations are able to estimate the
CN with good accuracy for diesel. But they also found that
the predictive capability of these empirical equations was
poor for untypical diesel fuels such as those containing
vegetable oils and alcohols [7]. This could be attributed to
the difference of the chemical components between
petroleum-based diesel and biodiesel. Diesel is a mixture of
a large variety of hydrocarbon compounds including par-
affins, olefins, cycloparaffins and aromatics, while biodie-
sel is a mixture of fatty acids methyl esters (FAME) for
methanol being widely used in biodiesel preparation.
Therefore, developing correlative models for predicting
the CN of biodiesel fuel is necessary for studying its igni-
tion quality. Researchers investigated the relationship
between the CN of pure FAME and their properties, such as
boiling point, viscosity, density and carbon number of the
fatty acid moiety [9—11]. It is well known that the property
is determined by the structure. The carbon number and the
unsaturated property of fatty acid chain are two significant
factors affecting the property of the CN. Normally, the CN
of pure FAME increases with increasing chain length and
the saturated degree of the fatty acid chain. Freedman et al.
[9] obtained a quadratic equation correlating the CN of
saturated FAME with the carbon number as follows:

Y = —57.26 + 14.892X — 0.4149X° (1)

where Y is the CN, and X is the carbon number of fatty acid
chain. Lapuerta et al. [11] also developed a correlation
between the CN of pure FAME and the carbon number as
well as the number of double bond as the following
equation:

Y = —52.974 4 (13.767 — 1.202db + 0.152db*) X
~0.351x? (2)

where Y is the CN, db is the number of double bonds and
X is the carbon number. These equations reveal the effect
of the carbon number and the unsaturated property on the
CN of pure FAME. However, they are not suitable for
estimating the CN of biodiesel, a mixture of FAME in
essence.
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The nature of biodiesel components inherently deter-
mines its combustion properties. The experimental results
of many researchers indicated that the CN of biodiesel
varied with the raw material in which the FAME compo-
sition varied [12-16]. The different distribution of FAME
could be obtained even for the biodiesel derived from the
same parent oil source, under different climatic conditions
for the oil plants’ growth and different oil processing
methods. For example, a high CN was observed in bio-
diesels derived from palm oil and tallow, rich in saturated
esters such as methyl palmitate (C16:0) and methyl stearate
(C18:0) [17, 18]. While low CN was associated with more
abundant unsaturated components such as methyl oleate
(C18:1), linoleate (C18:2) and linolenate (C18:3) for some
other biodiesels derived from soybean oil, sunflower oil
and grape seed oil [18, 19]. The CN of biodiesel increased
with an increasing weight percentage of saturated FAME
and longer chain FAME [12-16]. It is obvious that the
FAME composition plays an important role affecting the
CN of biodiesel.

The level of oxidation of biodiesel through contact with
the oxygen in air was also suggested as an important
influencing factor resulting in higher CN [20, 21]. Hydro-
peroxides form during the oxidation of unsaturated FAME,
which may split and form other secondary products such
as aldehydes and carboxylic acids. These oxidative
products contribute to the increase in the CN [20, 21].
Wadumesthrige et al. [21] measured comparatively the CN
of undistilled biodiesel against distilled biodiesel. They
found that the CN of undistilled biodiesel after 4 months
storage under ambient condition was not significantly
different from the value before storage, but the CN of
distilled biodiesel increased significantly. This was
ascribed to the fact that natural antioxidants such as
tocopherol were removed from biodiesel by distillation,
and so the distilled biodiesel was very susceptible to
oxidation resulting in a higher CN. While the presence of
natural antioxidants in undistilled biodiesel led to rela-
tively stable CN. Based on these results, for undistilled
biodiesel newly prepared or stored within a short time,
the FAME composition will be the primary influence
factor on the CN of biodiesel.

Consequently, developing a correlative model with a
simple empirical equation for predicting the CN of bio-
diesel from the FAME composition, is important and
necessary for studying the ignition quality of biodiesel
instead of the complex ASTM D613 measurement. The
detailed and quantitative correlation was investigated in the
last few years [18, 22, 23]. An artificial neural network
(ANN) model was developed by Ramadhas et al. [23] to
predict the CN of some biodiesels, in which five kinds of
FAME, methyl palmitate (C16:0), stearate (C18:0), oleate
(C18:1), linoleate (C18:2) and linolenate (C18:3) were
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involved. Bamgboye et al. [18] suggested a regression
equation described as follows:

CN = 61.1 4 0.088x2 + 0.133x3 + 0.152x4 — 0.101x5
—0.039x¢ — 0.243x7 — 0.395x3 (3)

where x, to xg are the weigh percentages of methyl
myristate (C14:0), palmitate (C16:0), palmitoleate (C16:1),
stearate (C18:0), oleate (C18:1), linoleate (C18:2) and
linolenate (C18:3) in biodiesels, respectively. Gopinath
et al. [22] also developed a multiple linear regression
model as the following equation:

CN = 62.2 4 0.017L + 0.074M + 0.115P + 0.177S
—0.1030 — 0.279L1 — 0.366LL 4)

where L, M, P, S, O, LI and LL are the weight percentages
of methyl laurate (C12:0), myristate (C14:0), palmitate
(C16:0), stearate (C18:0), oleate (C18:1), linoleate (C18:2)
and linolenate (C18:3) in biodiesels, respectively. In their
work, they took into account the effect of 5-7 kinds of
FAME with carbon number of fatty acid chain from 12 to
18. These FAME are the dominant chemical components in
biodiesel, but not all of them. Some other FAME like
methyl caprate (C10:0), arachidate (C20:0) and erucate
(C22:1) also widely exist in biodiesel [19, 24, 25]. Since
biodiesel is a mixture of FAME, each component may
contribute to the CN. Disregarding the effect of other
FAME results consequentially in an error of the predicted
value from the actual value.

Table 1 CN of pure FAME

Therefore, there is a need to develop a model involving
as many FAME components as possible for predicting the
CN of biodiesel from the FAME composition. A simple
empirical equation, the accuracy of which was verified by
comparing with the models in literature and its application
in predicting the CN of biodiesels derived from several
conventional parent oil sources, was developed in the
present work.

Materials and Methods
Data Collection for Pure FAME and Biodiesels

The measured CN of pure FAME with carbon numbers of
fatty acid chains from 6 to 22 shown in Table 1 were
collected from the literature [9, 12, 13, 26-29]. The FAME
compositions and the reported CN of 59 kinds of biodiesel
from different parent oil sources were also obtained from
the literature, as shown in Table 2 [15].

Procedures

The correlative model was developed by two steps. Firstly,
the relationship between the CN of pure FAME and the
carbon number of fatty acid chain for saturated esters, as
well as the relationship for unsaturated esters containing
one carbon—carbon double bond, were established using the

Fatty acid methyl ester Reported CN Reference The present work Literature work®

Calc. CN Relative Calc. CN Relative

err. (%) err. (%)

Caproate (C6:0) 18.0 [9] 16.3 9.4 17.0 5.6
Caprylate (C8:0) 33.6 [26] 36.2 7.6 34.7 33
Caprate (C10:0) 472 [26] 49.3 43 49.6 5.1
Laurate (C12:0) 60.8 [9] 58.0 4.6 61.7 1.5
Myristate (C14:0) 66.2 [26] 64.7 2.2 71.0 7.3
Palmitate (C16:0) 74.3 [9] 71.9 32 77.4 4.2
Palmitoleate (C16:1) 51.0 [29] 51.0 - 60.6 18.8
Stearate (C18:0) 75.6 [9] 82.0 8.4 81.1 7.3
Oleate (C18:1) 56.5 [13] 56.6 - 62.2 10.1
Linoleate (C18:2) 38.2 [13] - - - -
Linolenate (C18:3) 22.7 [12, 27] - - - -
Arachidate (20:0) 100 [11] 97.2 2.8 82.0 18.0
Eicosenoate (C20:1) (64.8)* - - - -
Erucate (C22:1) 76.0 [28] 76.0 - 56.9 25.1
Average relative error for saturated FAME (%°) 5.3 6.5

? Calculated CN according to Eq. 7 in the present work
® Calculated CN according to Eq. 2 obtained from Ref. [11]

¢ Relative error = Ireported CN-predicted CNI/(reported CN) x 100%
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Table 2 FAME composition and reported CN of 59 biodiesel fuels [15]

Item Sources

FAME composition/wt%

Reported CN

10:0 12:0 14:0 16:0 16:1 18:0 181 18:2 183 20:0 20:1 22:1

1 Annona reticulate Linn - - 1.0 172 420 75 484 217 - - - - 53.47
2 Thevetia peruviana Merrill - - - 156 - 10.5  60.9 52 74 03 - - 57.48
3 Canarium commune Linn - - - 29.0 - 9.7 383 218 12 - - - 55.58
4 Celastrus paniculatus Linn - - - 251 - 6.7 46.1 154 30 - - - 51.9
5 Vernonia cinerea Less - - 80 230 - 80 320 220 - 30 - - 57.51
6 Putranjiva roxburghii - - - 80 - 150 56.0 180 - 30 - - 54.99
7 Calophyllum apetalum Wild - - - 80 - 140 480 300 - - - - 51.57
8 Calophyllum inophyllum Linn - - - 179 25 185 427 137 21 - - - 57.3
9 Mesua ferrea Linn - - 09 108 - 124  60.0 150 - 09 - - 55.1
10 Azadirachta indica - - - 149 - 144 619 75 - 1.3 - - 57.83
11 Moringa oleifera Lam - - - 9.1 21 27 1794 07 02 - - - 56.66
12 Pongamia pinnata Pierre - - - 106 - 6.8 494 190 - 41 24 - 55.84
13 Sapindus trifoliatus Linn - - - 54 - 85 551 82 - 20.7 - - 59.77
14 Mimusops hexendra Robx - - - 19.0 - 140 63.0 30 - 1.0 - - 59.32
15 Pterygota alata Rbr - - - 145 - 85 440 324 - - - - 51.09
16 Holoptelia integrifolia - - 35 351 19 45 533 - - 1.1 - - 61.22
17 Vallaris solanacea Kuntze - - - 72 144 353 404 - 1.8 - - 50.26
18 Balanites roxburghii Planch - - - 170 43 78 324 313 72 - - - 50.46
19 Mappia foetida Milers - - - 7.1 - 177 384 368 - - - - 50.7
20 Aphanamixis polystachya Park - - - 231 - 128 21,5 290 136 - - - 48.52
21 Meyna laxiflora Robyns - - - 188 - 9.0 325 395 - - - - 50.42
22 Terminalia chebula Retz - - - 197 - 24 373 398 - 06 - - 49.6
23 Aleurites moluccana Wild - - - 55 - 6.7 105 485 285 - - - 34.18
24 Euphorbia helioscopia Linn - 28 55 929 - 1.1 158 221 427 - - - 34.25
25 Garcinia echinocarpa Thw - - - 3.7 - 437 526 - - - - - 63.1
26 Garcinia morella Desr - - - 0.7 - 46.4 495 09 - 25 - - 63.52
27 Saturega hortensis Linn - - - 04 - 04 120 180 620 - - - 25.46
28 Actinodaphne angustifolia 43 879 19 05 - 54 - - - - - - 63.2
29 Litsea glutinosa Robins - 963 - - - 2.3 - - - - - 64.79
30 Neolitsea cassia Linn 03 859 38 - - 4.0 33 - - - - 64.05
31 Neolitsea umbrosa Gamble 1.7 59.1 115 - - 21.0 6.7 - - - - 60.77
32 Swietenia mahagoni Jacq - - - 95 - 184  56.0 - 16.1 - - - 52.26
33 Anamirta cocculus Wight & Hrn  — - - 6.1 - 475 464 - - - - - 64.26
34 Broussonetia papyrifera Vent - - - 40 - 6.1 148 710 1.0 30 - - 41.25
35 Argemone mexicana - - 0.8 145 - 3.8 185 614 - 1.0 - - 44.45
36 Salvadora oleoides Decne 0.8 356 50.7 45 - - 8.3 0.1 - - - - 66.13
37 Salvadora persica Linn 0.1 19.6 545 196 - - 54 - - - - - 67.47
38 Nephelium lappaceum Linn - - - 02 - 13.8 453 - - 347 42 - 64.86
39 Madhuca butyracea Mac - - - 66.0 - 35 275 30 - - - - 65.27
40 Madhuca indica JF Gmel - - 0.1 17.8 - 140 463 179 - 30 - - 56.61
41 Rhus succedanea Linn - - - 254 - - 46.8 278 - - - - 52.22
42 Ervatamia coronaria Stapf - - - 244 02 72 505 158 06 07 02 - 56.33
43 Basella rubra Linn - - 04 197 04 65 503 216 1.1 - - - 54
44 Corylus avellana - - 32 3.1 - 2.6 88.0 29 - - - 54.5
45 Jatropa curcas Linn - - 14 156 - 9.7 408 321 - 04 - - 52.31
46 Moringa concanensis Nimmo - - - 9.7 - 24 838 0.8 - 33 - - 56.32
47 Ziziphus mauritiana Lam - - - 104 - 55 644 124 - 1.8 26 1.7 5537
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Table 2 continued

Item Sources FAME composition/wt% Reported CN
10:0 12:0 14:0 16:0 16:1 180 18:1 18:2 18:3 20:0 20:1 22:1

48 Croton tiglium Linn - - 11.0 12 - 05 560 290 - 23 - - 49.9

49 Princeptia utilis Royle - - 1.8 152 - 45 326 436 - - - - 48.94

50 Aegle marmelos correa Roxb - - - 16.6 - 88 305 360 81 - - - 48.3

51 Vernonia cinerea Less - - 80 230 - 80 320 220 - 30 - - 57.51

52 Joannesia princeps Vell - - 24 54 - - 45.8 464 - - - - 452

53 Garcinia combogia Desr - - - 23 - 383 579 08 04 - 03 - 61.5

54 Garcinia indica Choisy - - - 25 - 564 394 .7 - - - - 65.16

55 llicium verum Hook - - 4.43 - 793 6324 244 - - - - 50.71

56 Melia azadirach Linn - - 0.1 8.1 1.5 1.2 208 677 - - - - 41.37

57 Myristica malabarica Lam - - 392 133 - 24 441 1.0 - - - - 61.85

58  Urtica dioica Linn - - - 90 - - 146 737 27 - - - 3873

59 Tectona grandis Linn - - 02 110 - 102 295 464 04 - 23 - 48.31

least-squares fitting method. In the regression analysis, the 110

measured CN of pure FAME and the carbon number were 100 4

used as inputs to give two unary nonlinear regression 90

equations. Secondly, a multiple linear regression model a0

was developed to predict the CN of biodiesel from its g 1 o ©

FAME composition. The 59 kinds of biodiesels were E 07

divided into two categories. The first set of 40 biodiesels é 601 2

from item 1 to 40 in Table 2 was used to develop the g 50

correlation. In the process, the reported CN and the cor- O 404

responding FAME compositions of the 40 biodiesels as 30 4

well as the CN of pure FAME, were used as inputs to 20

obtain a regression equation. The least-squares fitting ol

method was applied to obtain a multiple linear regression
equation described as follows.

CN = o> (CNiw;) + ap (5)

where CN is the predicted CN of biodiesel, CN; is the CN
of each pure FAME as shown in Table 1, w; is the weight
percentage of each FAME in biodiesel as independent
variable of regression equation, o is the regression coeffi-
cient, and o is the constant term. Then the second set,
containing the remaining 19 biodiesels from item 41 to 59
in Table 2, was used to test the accuracy of the regression
equation. The predicted CN was compared with the
reported CN. The results from the present work were also
compared with those reported in the literature.

Results and Discussion
CN of Pure FAME

From the data shown in Table 1, it appears that the CN
increases with increasing chain length and the saturated

6 8 0 12 14 16 18 20 22 24
Carbon number

Fig. 1 Plot of CN of pure FAME versus carbon number of fatty acid
chain. Circle, saturated FAME; triangle, unsaturated FAME containing
one carbon—carbon double bond

degree of the fatty acid molecule. In order to investigate in
depth the dependence of the CN of FAME with various
saturated degrees on the structure of the fatty acid chain,
the data in Table 1 were divided into two categories, sat-
urated FAME and unsaturated FAME.

For saturated FAME, there is a nonlinear increase in CN
with increasing chain length of fatty acid moiety, as shown
in Fig. 1. The CN was given as the dependent variable Y,
while the carbon number of fatty acid chain was given as
variable X. The fitted curve is a cubic polynomial described
as the following regression equation:

Y = —107.71 + 31.126X — 2.042X* 4 0.0499X° (6)

A high correlation coefficient (Rz: 0.9835) indicates the
excellent correlation between the CN and the carbon
number for saturated FAME.
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Predicted CN
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20 30 40 50 60 70
Reported CN

Fig. 2 Comparison of reported CN and predicted CN

For unsaturated FAME, the dependence of the CN on
the carbon number is different from that for saturated
FAME. The FAME containing one double bond like
methyl palmitoleate (C16:1), methyl oleate (C18:1) and
methyl erucate (C22:1) were selected to develop the cor-
relation, because their CN were easily obtained from the
literature comparing with other unsaturated FAME. As
shown in Fig. I, the CN increases nonlinearly with
increasing carbon number. The nonlinearity can be
described as the following quadratic equation:

Y = 109.000 — 9.292X + 0.354X> (7)

where Y is the fitted CN and X is the carbon number of
unsaturated fatty acid chain containing one carbon—carbon
double bond. It is clear that the quantitative relationship
between the CN of unsaturated FAME and the carbon

number differs with that of saturated FAME. This could be
attributed to the varying unsaturated degree. It may be
presupposed that the regression equations for unsaturated
FAME containing two or three double bond will also differ
from Eq. 6 and Eq. 7.

Equation 6 and Eq. 7 developed in the present work as
well as Eq. 2 obtained from the literature [11] were used to
calculate the CN of pure FAME, as shown in Table 1. For
the CN estimation of saturated FAME, the average relative
error of calculated value from reported value is 6.5%
according to Eq. 2. The more accurate result is observed
from the present model, because the lower average relative
error of 5.3% is given by Eq. 6 in our work. For the CN
estimation of unsaturated FAME, the higher accuracy of
Eq. 7 than that of Eq. 2 is observed for the lower relative error
as shown in Table 1. These results indicate that the method
used in the present work to divide pure FAME into saturated
esters and unsaturated esters can reveal more clearly the
dependence of the CN on the structure of the fatty acid chain,
and give more accurate calculated CN of pure FAME.

Development of a Correlative Model
for Biodiesel CN Prediction

Through the regression analysis based on the developing set
of 40 biodiesels in Table 2 which was applied to develop the
correlative model, the regression coefficient o and the con-
stant term o in Eq. 5 were obtained. Then Eq. 5 was chan-
ged into the following multiple linear regression equation:

CN = 1.068 > (CNjw;) — 6.747 (8)
The predicted results of this model, the plots of the

predicted CN versus the reported CN of the developing set,
are depicted in Fig. 2. The linear correlation coefficient

Table 3 Statistic results of correlative models for CN prediction of 19 biodiesels in the testing set

Statistic constants® The present work

Literature work 1° Literature work 2°

Testing set All data

Minimum absolute error 0.01 0.01 1.98 0.04
Maximum absolute error 1.65 6.71 4.02 2.78
Average absolute error 0.49 1.52 3.18 0.78
Minimum relative error (%) 0.02 0.02 343 0.07
Maximum relative error (%) 2.98 10.87 10.38 4.26
Average relative error (%) 0.96 2.74 6.23 1.48
Percentage with 2% (%) 78.9 59.3 0 63.2

R? 0.9904 0.9234 0.9969 0.9782
Standard deviation 0.65 2.26 0.37 1.04

% Absolute error = Ireported CN-predicted CNI. Relative error = Ireported CN-predicted CNI/(reported CN) x 100%. Percentage with 2% is the
percentage of the predicted value that has less than 2% relative error from the reported value

® Statistic results of predicted CN of the testing set according to Eq. 3 obtained from Ref. [18]

¢ Statistic results of predicted CN of the testing set according to Eq. 4 obtained from Ref. [22]
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O highest reported values
B lowest reported values
¢ predicted values

soybean sunflower rapeseed cottonseed  palm tallow

Biodiesel fuels

Fig. 3 CN of biodiesels derived from several conventional feed
stocks and predicted CN. Open squares, highest reported value; filled
squares, lowest reported value; filled circles, predicted value

(R* = 0.9058) with a standard deviation of 2.73 was
observed. The statistical result of the multiple linear
regression model in Table 3 shows that the average
absolute error of 1.52 CN even for all data of 59
biodiesels is well below the reproducibility limits of the
ASTM D613 engine test method (2.5 ~ 3.3 CN).

The reported CN and the FAME composition of the
testing set of 19 biodiesels were applied to validate the
accuracy of the present model against the models in liter-
ature [18, 22]. The statistic results of predicted CN
according to Eq. 3 [18] and Eq. 4 [22] obtained from the
literature, and the present model Eq. 8, respectively, are
given in Table 3. The maximum absolute error and the
maximum relative error in the present model are 1.65 CN
and 2.98%, all lower than the values in the other two
models from the literature (4.02 CN and 10.38%, 2.78 CN
and 4.26%, respectively). The average absolute error of
0.49 CN and the average relative error of 0.96% in the
present model are also lower than that in the two models
(3.18 CN and 6.23%, 0.78 CN and 1.48%, respectively).
The percentage of the predicted value that has less than 2%
relative error from the reported value is 78.9%, also higher

than the highest value of 63.2% in the models from the
literature. Comparing our work with the literature, it is
observed that the present fitting results are more accurate.
The higher accuracy may be attributed to the fact that the
effect of more pure FAME like methyl caprate (C10:0),
arachidate (C20:0), eicosenoate (C20:1) and erucate
(C22:1) on the CN was calculated in the present model,
comparing with the literature. Disregarding the effect of
these FAME, widely existed in biodiesel, will result con-
sequentially in the error of the predicted value from the
actual value. The above results indicate that the multiple
linear regression model (MLRM) developed in this study is
suitable for estimating the CN of a biodiesel with high
accuracy from its FAME composition.

CN Prediction of Biodiesels Derived from Several
Conventional Parent Oil Sources

As mentioned above, the presence of the natural antioxi-
dant in biodiesel results in a relatively stable CN. The
FAME composition is considered as the primary factor
leading to CN change against the oxidation of FAME. Even
for the biodiesel derived from the same kind of parent oil
source, the differences in the climatic conditions during the
oil plants’ growth and the oil processing methods can result
in a variable FAME composition in the biodiesel, which
brings on a wide variation of the CN [12-16, 18]. As shown
in Fig. 3, biodiesels derived from several conventional
parent oil sources display different CN values [30]. For
instance, the CN of biodiesel derived from soybean oil
ranges from 45 to 60, and that derived from sunflower oil
ranges from 46.6 to 61.2, while the CN of biodiesel derived
from palm oil rich in saturated fatty acid esters has a high
value over the range from 58.3 to 70.

Several kinds of biodiesel derived from soybean oil,
sunflower oil, rapeseed oil, cottonseed oil, palm oil and
tallow, respectively, were selected to verify the practica-
bility of the present model. Their typical FAME compo-
sitions are shown in Table 4 and were taken from the
literature [24, 30-33]. The predicted CN of these biodiesels
are also plotted in Fig. 3. A desired result is observed.

Table 4 Typical composition of FAME in biodiesels derived from several conventional feed stocks

Biodiesel FAME composition/wt% Reference
12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0
Soybean - 0.56 14.17 1.27 5.19 48.20 22.19 1.45 0.28 [30]
Sunflower - 0.10 5.40 0.10 5.20 48.20 41.00 - - [33]
Rapeseed - - 3.49 - 8.50 64.40 22.30 8.23 - [24], [31]
Cottonseed - - 28.33 - 0.89 13.27 57.51 - - [24]
Palm 0.10 1.00 42.80 - 4.50 40.00 10.10 0.20 - [24]
Tallow 0.60 291 24.34 3.44 19.1 40.23 2.58 0.33 0.29 [32]
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namely, that all of the predicted values are in the range of
the experimental values. This indicates that the present
correlative model is a simple and practical method to give a
satisfactory predicted CN of a biodiesel from its FAME
composition without arduous and expensive experimental
determination.

Conclusions

The relationship between the CN of pure FAME and the
carbon number of fatty acid chain was established in the
present work. Two different regression equations were
obtained which show that the dependence of the CN on the
carbon number varies with the unsaturated degree of the
fatty acid chain. A convenient and practical regression
equation with a high accuracy was developed, which shows
excellent correlation (R2 = 0.9904 for testing set) between
the CN and the FAME composition and a good reproduc-
ibility (average absolute error: 0.49 CN for the testing set
and 1.52 CN for all data). There are 78.9% of the predicted
values having less than a 2% error from the reported values
and a standard deviation of 0.65 for the testing set and 2.26
for all data. The practicability of the model was verified by
its application in predicting CN of biodiesels derived from
several conventional parent oil sources. All of these results
indicate that the MLRM model developed in the present
work can be used conveniently to give a satisfactory pre-
dicted CN of biodiesel without arduous and expensive
experimental determination.
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