Survey of Seed Oils for Use as Diesel Fuels
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ABSTRACT: Fifty-one out of 364 plant seeds being surveyed
had fatty acid contents greater than 15% (dry weight), and their
methyl esters had cetane indices higher than 50. Rambutan seed
was an exception, with a lipid content of only 14.7%, but a high
cetane index (67.1); thus, it was included in this report. Twenty
seed oil methyl esters had cetane indices greater than 60. Three
seed oils from the Sapindaceae family not only had high cetane
indices but also contained long-chain fatty acids of 20 carbon
atoms. Gross heats of combustion of the fatty acid methyl esters
were slightly higher than those of neat oil, ranging from 38.2 to
40.8 )/g, whereas the heating values of the oils ranged from 37.4
to 40.5 J/g. Thus, these plant seed oils have great potential for
development as diesel fuel or diesel fuel extender.
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Vegetable oils and their methy] esters have long been consid-
ered as potential alternative fuels for diesel engines (1-3).
However, there have been both technological and economical
problems to be solved prior to such utilization. Some techno-
logical problems, such as the high viscosity of vegetable oils,
are solved by replacing the glycerol moiety with three mole-
cules of monohydric alcohol. The molecular weight and vis-
cosity of the esters are greatly reduced. The problems of cok-
ing and gumming in the injector line and combustion cylin-
der by oils of a high degree of unsaturation are partly
overcome by proper selection of oils of less unsaturation or
may be solved by partial hydrogenation.

The economic problem is much more difficult to tackle. At
present, vegetable oils have their own economic uses, and
their prices are much higher than that of petroleum. In fact,
prices of vegetable oils have always been higher than petro-
leum prices, even in periods of petroleum crises (4). Thus, the
use of vegetable oils or their methyl esters as diesel fuel is vi-
able only in countries with large excesses of vegetable oils.
Although Thailand is an agricultural country, oilseed produc-
tion for food uses remains insufficient. Therefore, the use of
vegetable oils or their methyl esters as diesel fuel is not pos-
sible at this time. However, efforts have been made to search
for new seeds whose oils might be suitable for use in diesel
engines and might overcome the economic problem.
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Seeds from many species have been analyzed for their
fatty acid composition (5-11). The purpose of most of these
investigations was to search for both new sources of indus-
trial oils and unusual fatty acids of academic interest. In this
paper, we report on 51 oilseeds, commonly found in Thailand,
which have oil contents 215% (dry weight) and cetane indices
of their methyl esters higher than 50.

EXPERIMENTAL PROCEDURES

Plant seeds were obtained from commercial seed suppliers,
groceries, and collected from wild plants. The seeds were
manually dehulled, and only their kernels were analyzed.
Fatty acids were identified by their ECL (equivalent chain-
length) on an SP-2330 (Supelco Inc., Bellfonte, PA) capillary
column as their methyl esters. Identification was carried out
automatically by a basic program written on the C-R4A mi-
croprocessor. The program can identify saturated fatty acids
of 12-22 carbons and unsaturated fatty acids of 16:1 (9-cis);
18:1 (9-cis); 18:2 (9-cis, 12-cis), 18:3 (9-cis, 12-cis, 15-cis,
and 6-cis, 9-cis, 12-cis), 20:1 (11-cis), and 22:1 (13-cis).
Saponification numbers (SN), 1odine values (IV), gross heats
of combustion of the oils (HO) and fatty acid methyl esters
(HF), and cetane indices of the methyl esters (CI) were calcu-
lated from their fatty acid compositions.

Transmethylation. Transmethylation of plant seed kernels
was carried out in situ as described by Harrington and Darcy-
Evans (12).

Gas chromatography. Gas chromatographic analysis was
carried out on a Shimadzu Model 14A gas chromatograph,
equipped with flame-ionization detectors (Shimadzu Inc.,
Tokyo, Japan), and a 0.25 mm x 30 m fused-silica capillary
column coated with SP-2330 [Poly(80%-biscyanopropyl-
20% cyanophenylsiloxane)]. The chromatographic conditions
were as follows: N, carrier gas flow, 4 mL/min; N, makeup
gas flow 30 mL/min; oven temperature, 180°C isothermal;
detector/injector, 230°C; split ratio, about 50:1. Chromato-
graphic signals were processed by C-R4A data processor
(Shimadzu Inc.).

Calculation. IV of plant seed oils were calculated from
their fatty acid methyl ester compositions as IV = X(254 x D
X A,.)/M W,, where D is the number of double bonds, MW, is
the molecular mass, and A, is the percentage of each compo-
nent in the chromatogram. SN were calculated from the equa-
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SEED OIL USE AS DIESEL FUEL
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tion: SN = 3(560 x A l.)/M W,. CI, HO, and HF were calculated
according to Krisnangkura (13,14). Total lipid was estimated
from the equation: Total lipid = XA, X W, , x 100/A ;. X
Wsmpl - Where W, and ASampl . are weights of heptadecanoic
acid (internal standard) and sample, respectively; A ., is the
percentage area of heptadecanoic acid methyl ester in the

chromatogram.

RESULTS AND DISCUSSION

Pryde (15) suggested that vegetable oils used in diesel en-
gines should have cetane numbers higher than 35-40, and IV
should be between 80 and 145. He also noted that cetane
numbers determined by the indirect method were usually
about 10 units higher than those obtained by the direct
method. Oils of higher IV are easily oxidized and polymer-
ized. These undesirable reactions not only lower the storage
life of the oils but they also increase gum formation and cok-
ing in the diesel engine. Normally, oils of higher degrees of
unsaturation have good benefits for human and animal health.
If such highly unsaturated oils are developed, they will un-
doubtedly be diverted to food and feed industries. Therefore,
only seed oils whose iodine values were <100 with fatty acid
contents higher than 15% are reported in Table 1. Rambutan
seed oil was an exception in that it contained only 14.7%
lipid, but its methyl esters had a high CI (67.1). Thus, rambu-
tan seed oil is included in Table 1. Fatty acid compositions of
some seed oils listed in Table 1 have been reported elsewhere.
Pattamapongse and Showler (6) reported that rambutan seed
contained only 9.7% lipid, which was considerably lower
than the figure in this report. The difference is probably due
to the method of extraction or the variety of rambutan. Abel-
moschus esculentus (okra) and Hibiscus sabdariffa have been
reported to contain 3 and 6% epoxyoleic acid (10,11), respec-
tively. However, this oxygenated acid, if present, may have
been destroyed by the acidic conditions (16) and was not de-
tected in this study.

Of 364 seeds commonly found in Thailand, 21 seed oil
methyl esters have CI >60. Some seeds, such as rambutan,
Papaya, orange, okra, peach, and Indian jujube, are food in-
dustrial waste products, which can be collected in large quan-
tities. Thus, they may have great potential for the develop-
ment of oils as diesel fuels or fuel extenders. Three seeds
from the family Sapindaceae had high amounts of long-chain
fatty acids of 20 carbon atoms, and their methyl esters had
high CI. These oils might also be developed into specialty
chemicals. The methyl esters of oils whose IV were <100 usu-
ally had CI >50.

Heats of combustion of most seed oils and seed oil methyl
esters varied only slightly. Heating values of the oils and the
methy] esters ranged from 37.4 to 40.5 and 38.2 to 40.8 J/g,
respectively.
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