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ABSTRACT

Qil was obtained from the seed of Acaciaraddianawith 11%yield , allow-
ing the possibility of economical exploitation, and its fatty acid composi-
tion was determined by gas chromatography. The crude oil was
transesterified using acid and base catalysts (H,SO,, HCI, NaOH, CH.ONa
), withamolar ratio of Methanol: Oil: Catalyst of 5: 1: 0.1, toform biodiesel.
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The physicochemical properties of the fatty acid methyl esters (FAMES)
formed arein agreement with the biodiesel, making it apotential candidate

to be an alternative biofuel.

INTRODUCTION

Themajor part of all energy consumed worldwide
comes from petroleum as largest single source,
exceeding charcoal, natural gas, hydro, nuclear.
However, these sources are limited, and will be
exhausted™™. Lookingfor aternative sources of energy
isof vital importance, thus renewable energy sources
aredeveloped worldwide, owingto highoil pricesand
to limit greenhouse gas emissions. Vegetableoilsare
arenewable and potentially inexhaustible source of
energy, hon-toxic, biodegradablein water, contains
less sulfur compounds and has a high flash point
(>130°C). Historically, it is believed that Rudolf Diesel
himself started research with respect to the use of
vegetableoilsasfud for diesal engines?3.

Duetotheir high viscosity and low volatility, the
direct use of vegetable oils in fuel engines is
problematic, they do not burn completely and form
depositsinthe fuel injector of diesel engines, and
formation of toxic acrolein. Different wayshave been
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considered to reduce the high viscosity of vegetable
oils: Dilution of vegetable oil with diesel fuel;
Microemulsionswith short chain acohols; Thermal
decomposition; Cataytic cracking; Transesterification
with ethanol or methanol®®. Among all these
alternatives, the transesterification seemsto bethe
best choice, asthe processisrelatively ssmpleand
the characteristics of fatty acid esters (biodiesel) are
very closeto those of diesel fudl. Several vegetable
oils, with adiversified composition infatty acids, are
studied for the preparation of biodiesel: Castor,
cottonseed®, jatropha®, palmi%, pongamiay,
rapeseed*?, rubber™, soybean*", sunflower*4
and virgin® qils.

To the best of our knowledge, there are no
references about the oil composition and biofuel
productionfrom Acaciaraddiana. Thus, incontinuaion
of our effort onthevaorisation of Algerian Saharaplants
ashiomateria §517, Wereport herein our resultsinthe
sudieof biodied productionfrom thesesed of the Saharan
tree: A. raddiana.
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EXPERIMENTAL

Plant material

The genus Acacia (Family Fabaceae; subfamily
Mimosoideae) isacosmopolitan tree of dry areas
containing in excess of 1350 species®®. InAlgerian
Sahara, the specie Acacia raddiana (local name:
Talh), isknown for its multipurpose benefitsand used
asfolk medicinal plant for thetreatment of various
diseases (pulmonary diseases, occular affections,
jaundiceand antidiarrhoei¢), providefood and shelter
for many desert animals and are amajor source of
livestock feed and firewood for the native
peopl gl17b,19]

Seed of tree Acacia raddiana used in thiswork
was collected from Saouradesert ( Bechar, Algeria) in
August 2008. The biomasswaswashed with ditilled
water severa timesto remove soil-associated particles
and water solublemateridls.

Oil extraction

Theoil wasextracted from 300 g powdered seeds
with n-Hexaneby the continuoustechniquein aSoxhlet
extractor for 10 h, after that, the hexane fraction was
dried with Na,SO, and the sol vent wasremoved under
reduced pressurein arotary evaporator, the oil extract
was weighed and the results were expressed as a
percentage of dry seed. The composition of the oil with
regard to fatty acid content was determined by gas
chromatography anaysis(GC).

GCanalysis

The n-Hexane extract of Acacia raddiana seed
was anayzed by analyticd gaschromatography usnga
Shimadzu GC-17A gaschromatograph equipped with
aflameionization detector. 1 uL of theoil extract was
injected in split less mode onto a Supelco CBP-5
capillary column (30 m. 0.25 mm, film thickness 0.25
um). The oven temperature was programmed as follows:
60°C for 2 min, then rising to 240°C at 3°C/min, then
to 300°C for 10°C/min, ending with 10 min at 300°C;
carier gas, Heat aflow rateof 1.0 ml/min; injector and
detector temperature, 250°C. Fatty acids were identified
by comparison of their retention indices (Determined
reldivetotheretentiontimesof an-akaneshomologous
series).
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Propertiesof seed oil

Physico-chemical propertiesof Acaciaraddiana
seed oil and its fatty acid methyl esters (biodiesel)
formed viz; colour, refractiveindex (at 28°C), acid
vaue iodinevaue, dengty (at 28°C), kinematic viscosity
(at 40°C) and calorific value were determined in
accordance with the AOAC and ASTM standard
procedures?2, All datareported here are arithmetic
meansof triplicate assays.

Transesterification reactions

All chemical reagents used in this study were of
commercid gradeand used without further purification.
Anhydrous methanol was stored over MgSO, as
desiccant.

Transesterification reactionswerecarried outina
100 mL three-necked glassflask equipped with are-
flux condenser and athermometer under magnetic agi-
tation. Thereaction mixture containing Methanol, il
and the Catalyst (H,SO,, HCI, NaOH or C,H.ONa),
withamolar ratio respectively 5: 1: 0.1, wasd lowed to
alcohol reflux for atimeperiod of 1, 2, 3and 4 h, after
which theal cohol wasrecovered by ditillation. The
formed mixturewas neutrali zed with agueous solution
of NaHCO, (5%) or H_PO, (5%), respectively in case
of acid or basic catal ysts and washed threetimeswith
distilled water. The organic phase was separeted in
separatory funnel and dried in the presence of MgSO,.
Thebiodiesd yield wasdetermined by gaschromatog-
raphy and expressed interms of the percentage (Wt%o)
fatty acid methyl esters(FAMES) formed according to
the described procedures?.

RESULTSAND DISCUSSION

Fatty acid profileof the Acaciaraddiana seed oils

Oil was obtained from the seed of Acaciaraddiana
with 11%yvyield, wasgenerdly consderably higher that
those found in the seed of Acacia nilotical?® and the
wood of other Acacia species (A. longifolia, A.
dealbata, A. Melanoxylon and A. retinodes)?¥, al-
lowing thepossibility of economica exploitation.

TABLE 1, present thefaity acid profilefor n-Hexane
extract of seed oil from A. Raddiana determined by
GC, thefollowing fatty acidswereidentified: pamitic,
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TABLE 1: Fatty acid composition of Acaciaraddiana seed dils

Fatty Acid Carbon Chain Content (%)
Palmitic C16:0 383
Stearic C18:.0 6
Oleic C18:1 34
Linoleic C18:2 21
Unidentified 05
Saturated fatty acid 443
Unsaturated fatty acid - 55

—= Full Paper

TABLE 2: Yield of FAMEsin the methanolysis of Acacia
raddiana seed oils

Reaction time (h)

Catalysis 01 02 03 04

FAMEs Yield (%)
H,S0, 5 5 8 13
HCl 4 5 6 10
NaOH 63 9 90 92
C,HsONa 83 88 80 92

gearic, oleicandlinoleicacids. Themainfaity acid found
inthe A. raddiana seed oil was pamitic acid followed
by oleicacid. Thetotal saturated and unsaturated fatty
acid composition was 44.3% and 55%, respectively.
Themgor saturated acid presentinthisoil waspamitic
acid (38.3%) and stearic acid withless concentration
(6%). Two unsaturated fatty acid werefound oleic acid
(34%) followed by linoleic acid (21%).

Transesterification of the Acacia raddiana seed
oilsunder acid and basic catalysts

Transesterification reaction can becatdyzed by both
homogeneous (alkaiesand acids) and heterogeneous
catalysts. Thealkali-catalyzed transesterification of
vegetableoilsproceedsfaster than the acid-catal yzed
reaction®!, |t hasbeen reported that, if freefatty acid
(FFA) content inthe oil were about 3%, thereactionis
not suitable to produce oil esters*d. However,
homogeneous acid catal yzed reaction isnot strongly
affected by the presence of FFAsinthe feedstock. In
fact, the reaction can simultaneously catalyze both
esterification and transesterification and is about 4000
times slower than the homogeneous alkali-catalyzed
transesterification®. The problemsassociated with the
homogeneous cata ysts aretheformation of unwanted
soap byproduct by reaction of the FFA, generation of
wastewater during separation and cleaning®.

TABLE 2, present the production (percentageyield)
of fetty acid methyl esters(FAMES) by themethanolys's
of A.raddiana seed ails in the presence of conven-
tional homogeneouscataysts (H,S0,, HCl, NaOH or
C,H.ONa) for different period time. Thereaction con-
ditionswere: molar proportions of MeOH: Qil: Cata-
lyst (5: 1: 0.1) at methanol reflux with constant mag-
neticgirring.

The comparison between basic- and acid-catdyzed

reactionsindicatesthat bas c cadyssisvery muchmore
efficient than acid catalysis. In the presence of basic
cataystsan averageyield of FAMEs of 92% was ob-
tained after 04 hours of reaction, whilst with sulfuric
and chlorhydric acidsthan 13% of ester was produced.
Theseresultsarein linewith those reported for other
vegetableoilsthat exhibit typical fatty acid composi-
tion?29, The use of basic alkoxideor hydroxide pro-
duced the highest yieldsof FAMEs(TABLE 2). The
active speciesin both sysemswerethe methoxideions
formed by thelarge excess of MeOH in the medium.
Thediminition of theyield of ester in thefirst hours of
reactionwhen hydroxide catalystsare used, isdu to the
sidereactions, such ashydrolysisand saponification
actived by the production of water molecules®.

Physico-chemical propertiesof oil and biodiesel
from Acacia raddiana seed

Theoil obtained usingthenon-polar organic solvents
(n-Hexane) from the seed of Acacia raddiana was
used for the determination of physico-chemical
properties, important from biodiesel aspect. Some
propertiesof oil and FAMES (biodeisd) productswere
determined and areshownin TABLE 3.

In our experiment, werecorded thedensity to be
912 kg m at 28°C for n-Hexane extracted seed oil of
A.raddiana. Thedensity of the seed oil issimilar to
those of the other vegetable ail, it is higher than the
acceptablerangesof petroleum diesal (820-845kgm
%) asper thecurrent ASTM requirement(?-22, Biodiesd
iscons derably more susceptibl e to autoxidation than
petrodiesel and autoxidation is a serious threat to
biodiesd fuel qudity. Thus, oil obtained from the seed
of A. raddianawas characterized by lower contents of
unsaturated fatty than other vegetable oilg+101422
where affects directly the oxidation stability of the
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TABLE 3 : Properties of the oil and biodiesel of Acacia
raddiana

Property Oil Biodiesal
Color Amber Amber brown
Refractive Index at 28°C 1.3975 1.3896
Acid Value 04 -
lodine Vaue 63.32 63.10
Density (kg m™ at 28 °C) 912 876
Kinematic viscosity (mm? s at 40°C)  37.4 41
Calorific value (MJkg?) 32.78

biodiesd fromwhichit was produced. Thislow degree
of unsaturationisexpressed by theiodineva ueobtained
for the biodiesel produced 63.10, which it isin
agreement with EN 14214 specification?. Thisresult
indicated that such abiodiesel can present asuitable
chemicd gtability againgt oxidation.
Thecaorificvaluefor petrodiesd is45.4 MJkg?
whereasthosefor theseed oil of A. raddiana extracted
is32.78 MJkg™. Thislow energy content isdueto the
presence of chemically bound oxygen inthefatty acid
chains as has been reported?”. The viscosity is an
important physical property of aliquidfud, thekinematic
viscosity valuesfor the A. raddiana seed oil recorded
a 40°C in our experiment is 37.4 mm?s?. Thekinematic
viscosity of theaoil isintherange of thosereported for
other vegetable oils (30-40 mm? s at 40°C) used for
biodiesel production®®. Theviscosity of A. raddiana
seed oil was reduced by transesterification, thuswe
recorded in our experiment at 40°C a value of 4.1 mm?
stfortheliquide FAMEs( Biodiesdl) obtained, which
wasintherangerecommended by ASTM. TheASTM
standard for biodiesel viscosity is1.9-6.0 mm? s! at
40°C2+22, From thisresultsit is clear that not much
differenceliesin the physico-chemical propertiesof A.
raddiana seed ail, extracted using n-Hexane compared
to other vegetable oilsused for biodiesd production.

CONCLUSIONS

From the seed of the Seharan tree Acaciaraddiana,
Oil was obtained with 11% yield , and its fatty acid
composition was determined by gas chromatography.
A biodiesel wasformed by transesterification of the
crudeoil by using conventionad homogeneouscataysts
(H,SO,, HCI, NaOH, C,H_ONa) and methanol . Based
ontheresultsobta ned in thisstudy regarding the char-
acterization of crudeoil for various physico-chemical

propertiesdemonstrated that, almost al theimportant
propertiesof seed oil from Acacia. raddiana and its
methyl estersarein agreement with thebiodiesel mak-
ing it apotential candidate to be an alternative eco-
nomical biofue, inview tolimitesupply of naturd fossi
fud.
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