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Sir,

Literature reports [1, 2] propose that fatty acid methyl
esters (FAME) of linseed and castor oil can be used as
biodiesel. Three comments have been listed below to point
out the pitfalls in using these fatty acid methyl esters as
biodiesel.

1. Experimental work on the effect of temperature on
neat linseed and castor oil fatty acid esters reported a
change of chemical structure and physical properties.
The temperatures employed in these studies were
lower than temperature conditions in a diesel engine.

2. Cetane number violation and insufficient oxidation
stability of linseed oil and castor oil FAME.

3. Rheology of degraded castor oil biodiesel and the
importance of viscosity in atomization.

Reported Reactions of FAME of Linseed
and Castor Oil at High Temperatures

Linseed oil is dominated by linolenic (three double bonds,
47.4%) linoleic (two double bonds, 24.1%) and oleic (one
double bond, 19.0%) fatty acids [3]. Castor oil is pre-
dominantly ricinoleic (89.5%) acid with a hydroxyl group
at the twelfth carbon and a double bond in the 9,10 position
[4]. The study of thermal polymerization of methyl linol-
enate at 270 °C reported the formation of dimers and
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trimers with increased time due to the reactive methylene
groups and double bonds at the 9,12,15 position [5]. Castor
oil is known to form high viscous blown castor oil when
heated at 80-130 °C with or without air [6]. In the case of
blown castor oil there is the glycerol backbone’s viscosity.
For methyl ricinoleate, intermolecular polymerization will
take place and there being no glycerol backbone, the vis-
cosity of polymerized methyl ricinoleate will be less than
that of blown castor oil, but it will be appreciably large
enough to lower its performance efficiency as a biodiesel.
The role of viscosity is presented in “Rheology of
Degraded Castor Oil Biodiesel and the Importance of
Viscosity in Atomization” where atomization of liquid fuel
is explained.

Conceicao et al. [7] carried out the degradation of castor
oil biodiesel (350 mL) by heat-treating at 150 and 210 °C,
in a synthetic air atmosphere, in a system as described in
[8]. Thermogravimetry (TGA), differential scanning calo-
rimetry of degraded castor oil indicated a change in ther-
mal profile [7]. Infra red spectroscopy on the degraded
castor oil biodiesel showed a decrease in intensity of free
hydroxyl groups (3,440 cm™') as the period of degradation
increased [7]. At 210 °C for a 48-h period, the authors [7]
observed the formation of gum, implying that an oxidative
polymerization reaction had gone to completion with
infrared spectroscopy showing an absence of the hydroxyl
group.

In the performing conditions in a diesel engine, where
the temperature is about 900 °C [9], there is a distinct
possibility of polymerization and oxidation for linseed oil
FAME due to the two double bonds between the reactive
methylene groups.

One aspect which has not been reported is the pyrolysis
at the hydroxyl group of castor oil biodiesel at the tem-
perature of diesel engine operation. The best way to
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investigate pyrolysis at the diesel engine temperature is to
perform laboratory engine tests. A rigorous way to confirm
this would be to do wet methods like hydroxyl value, acid
value coupled with spectroscopic methods after treating the
castor oil fatty acid methyl esters in a laboratory engine
test. A drop in the hydroxyl value will indicate dehydra-
tion/pyrolysis and a significant increase in acid value due to
the formation of fatty acids [4].

Cetane Number Violation and Oxidation Stability
of Linseed and Castor Oil FAME

The cetane number (CN) a dimensionless quantity, which
denotes the ignition quality of the diesel fuel and
describes the ignition time delay a fuel experiences on
injection into the combustion chamber. The higher the
cetane number, the shorter the ignition delay time and
the higher the chances of the fuel igniting [10]. There
are two cetane numbers reported for methyl linolenate.
McCormick et al. [11] estimated the CN by ASTM
D613, and have reported a value of 45.9. Knothe [12]
measured the CN by ASTM 6890 and reported a value
of 22.7. ASTM D613 uses a single cetane cylinder
whereas ASTM D6890 uses the Ignition Quality tester
(IQT) which is an automated development of a constant
volume combustion apparatus. The author [12] states that
IQT is established as an ASTM standard D6890 and is
accepted in ASTM biodiesel standard ASTM 6751 as an
alternative to ASTM 613. The standard set in United
States is a minimum of CN 47 by ASTM D6751 and a
CN of 49 by European standards EN 14241. Considering
that ASTM D6890 is more accurate, a CN of 22.7 falls
far below the US and European standards of 47 and 49,
required for biodiesel, implying that methyl linolenate
will have a higher ignition delay time. For castor oil
FAME, the cetane number is 37.38 [12] which does not
meet the minimum EN and ASTM specifications for a
performing as a biodiesel.

The oxidation stability of biodiesel depends on the
presence and number of double bonds [13]. Knothe [13]
quotes Frankel’s [14] relative rates of oxidation as 1 for
oleates, 41 for linoleates and 98 for linolenates. Euro-
pean standards EN 14214 restricts the content of methyl
linolenate to 12% considering its susceptibility to oxi-
dation if methyl linolenate is greater than 12% in a
mixture of fatty acid methyl esters. The FAME of lin-
seed oil have a methyl linolenate content of about
45-47%, which is way over the European standards limit
and will be prone to oxidation. According to Knothe
[12], the oxidation stability of methyl ricinoleate is four
times less than methyl oleate, which would add to oxi-
dative polymerization build up.
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Rheology of Degraded Castor Oil Biodiesel
and the Importance of Viscosity in Atomization

It has been shown by the High-Frequency Reciprocating
Rig (HFRR) test that castor oil methyl ester performs very
well as a lubricity enhancer due to the hydroxyl group in
methyl ricinoleate at concentrations of less than 1.0%.[15].
The viscosity measurements of Conceicao et al. [16] using
a Brookfield model viscometer LV-DVII, found that castor
oil had a higher viscosity than type D diesel oil, whereas
the castor oil biodiesel had a lower viscosity than castor oil,
but higher than type D diesel oil. This prompted them to
blend castor oil biodiesel (FAME) with diesel oil. Blends
of castor oil biodiesel to diesel oil were made in 5, 10, 15,
20, and 25% (v/v) of castor oil biodiesel to diesel oil. These
blends on prolonged shear showed an increase in viscosity
and return to its original viscosity once the shear is sus-
pended. There was an increase in viscosity with a volume
concentration increase of castor oil biodiesel in diesel oil.

Rheological studies [16] showed an increase in viscosity
when the degradation of castor oil biodiesel was done over
a period 1, 6, 12, 24, 36, 48 h at 150 °C and at 1,6,12, and
24 h at 210 °C. The viscosity of the 24 h sample run at
210 °C, showed an increase of viscosity by a factor of 6.8,
compared to the 24 h run at 150 °C. There exists a problem
of translating the shear rate from a viscometer to strokes in
a diesel engine for thorough interpretation. Laboratory
diesel engine tests and viscosity measured on both the neat
and stroked fatty acid methyl esters would indicate the
changes in viscosity leading to a correlation between
strokes and viscosity to give insights into the atomization
characteristics of biodiesel and its blends.

Ejim et al. [17] quote Lefebvre [18] in their study on
atomization of biodiesels and their blends in an injector,
that for significant atomization of a fuel, the values of
viscosity, surface tension and density of the fuel should be
well balanced. The function of atomization is to prepare the
less volatile liquid fuels for progressive vaporization in
suspension in turbulent air [19]. Atomization produces
smaller droplets, large surface area and, in effect, easier
progressive vaporization. Ejim et al. [17] studied atom-
ization characteristics of 7 biodiesels and 17 binary and
ternary blends with D1 and D2 diesel engines at 80 °C
using a direct injector. They concluded that the most
effective physical property for atomization was the con-
tribution of viscosity of fuel being investigated. The
appropriate drop size for atomization of fuel is the Sauter
Mean Diameter (SMD) and is defined as the diameter of
the drop whose ratio of volume to surface area is equal to
that of the spray [18]. Ejim et al. [17] used the dimen-
sionless correlation of Elkotb [20] to calculate SMD and
found that a change in viscosity of the fuel has the maxi-
mum change (~90%) on SMD. It is beyond the scope of
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this letter to present the quantitative details of SMD’s
correlation with viscosity, surface tension and density.
Readers interested in this correlation should refer to Elkotb
[20] and Ejim et al. [17] for application of SMD to bio-
diesel and its blends. The increase in viscosity of castor oil
biodiesel/diesel oil blends [16] and oxidative polymeriza-
tion of degraded castor oil biodiesel [7] will have a direct
bearing on atomization as presented by [17].

Discussion

Thermal polymerization of methyl linolenate at 270 °C and
the formation of gum for castor oil biodiesel at 210 °C,
indicates that deleterious effects could be more pronounced
at the diesel engine operating temperature of 900 °C. The
changes in chemical structure due to thermal polymeriza-
tion and oxidation of methyl linolenate, due to the three
double bonds and reactive methylene groups in between
the double bonds would alter the physical properties of
linseed oil fatty acid methyl esters. In both the FAME there
will be changes in viscosity affecting atomization. The use
of methyl ricinoleate as a lubricity additive to diesel oil or a
FAME is a better option than being used as a complete
biodiesel [15].

The cetane number of linseed and castor oil FAME is
not within the prescribed specifications of American and
European biodiesel standards. This would result in ignition
delays.

It would be prudent to study the oleochemistry of fatty
acid methyl esters, by referring to published literature on
neat fatty acid methyl esters with respect to temperature,
pressure and flow properties. A rigorous way would be to
perform laboratory engine tests before claiming that a
single or blend of fatty acid methyl esters could be used as
a complete biodiesel.
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