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Biodiesel, a prom is ing sub sti tute as an al ter na tive fuel has gained sig nif i cant at ten -
tion due to the fi nite na ture of fos sil en ergy sources and does not pro duce sul fur ox -
ides and min i mize the soot par tic u late in com par i son with the ex ist ing one from pe -
tro leum die sel. The uti li za tion of liq uid fu els such as biodiesel pro duced from
veg e ta ble oil by transesterification pro cess rep re sents one of the most prom is ing
op tions for the use of con ven tional fos sil fu els.
In the first step of this ex per i men tal re search, ed ible rice bran oil used as test ma te -
rial and con verted into methyl es ter and non-ed ible jatropha veg e ta ble oil is con -
verted into jatropha oil methyl es ter, which are known as biodiesel and they are
pre pared in the pres ence of ho mo ge neous acid cat a lyst and op ti mized their op er at -
ing pa ram e ters like re ac tion tem per a ture, quan tity of al co hol and the cat a lyst re -
quire ment, stir ring rate and time of esterification. In the sec ond step, the phys i cal
prop er ties such as den sity, flash point, ki ne matic vis cos ity, cloud point, and pour
point were found out for the above veg e ta ble oils and their methyl es ters. The same
char ac ter is tics study was also car ried out for the die sel fuel for ob tain ing the base -
line data for anal y sis. The val ues ob tained from the rice bran oil methyl es ter and
jatropha oil  methyl es ter are closely matched with the val ues of con ven tional die sel 
and it can be used in the ex ist ing die sel en gine with out any hard ware mod i fi ca tion.
In the third step the stor age char ac ter is tics of biodiesel are also stud ied.

Key words: rice bran oil methyl ester, jatropha methyl ester, esterification,
optimization, properties, storage

In tro duc tion

Biodiesel is an al ter na tive fuel made from re new able bi o log i -
cal re sources such as veg e ta ble oils (both ed ible and non ed ible
oil) and an i mal fats [1, 2].

Veg e ta ble oils are usu ally triesters of glyc erol with dif fer ent
chain length and de gree of sat u ra tion. The typ i cal mo lec u lar struc -
ture of veg e ta ble oil is shown in fig. 1. It may be seen that veg e ta -
ble oils con tain a sub stan tial amount of O2 in their mol e cules.

Where R, R¢, and R² are parts of the higher fatty ac ids form ing 
es ter with glyc erol.

In 1911, Rudolf Die sel, dis cov ered the die sel en gine made a
state ment that it is gen er ally for got ten that veg e ta ble and an i mal oils 
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Figure 1. Typical structure
of vegetable oil



can be di rectly used in die sel en gine. Prac ti cally the high vis cos ity of veg e ta ble oils (30-200 Cst) as
com pared to die sel oil (5.8-6.4 Cst) leads to un fa vor able pump ing, in ef fi cient mix ing of fuel with air 
con trib utes to in com plete com bus tion, high flash point re sult in in creased car bon de posit for ma tion
and in jec tor cok ing. Be cause of these prob lems, veg e ta ble oils need to be mod i fied to bring their
com bus tion re lated prop er ties closer to those of min eral die sel oil. The fuel mod i fi ca tion is mainly
aimed at re duc ing the vis cos ity and in creas ing the vol a til ity.

One of the most prom is ing pro cesses to con vert veg e ta ble oil into methyl es ter (bio
die sel) is the transesterification, in which al co hol re acts with tri glyc er ides of fatty ac ids (veg e ta -
ble oil) in the pres ence of cat a lyst [3]. This pa per briefly de scribes about the biodiesel pro duc -
tion, op ti mi za tion of pro cess pa ram e ters, char ac ter iza tion and stor age of biodiesel from rice
bran oil and jatropha veg e ta ble oil.

Ma te rial and meth ods

Ma te rial

Paddy is the im por tant crop cul ti vated in In dia. With the lo cally avail able paddy, the
rice bran to the tune of around 20,000 tonnes could be avail able even at con ser va tive rate of 6%
of paddy hulled.  This sur plus bran avail able lo cally can be uti lized for ex trac tion of oil. At pres -
ent, In dia is the larg est pro ducer of ed ible grade rice bran oil with 27,000 tonnes per an num
against the po ten tial of 7.5 lakhs tonnes. Sim i larly In dia has rich and abun dant for est re sources
with a wide range of plants and oil seeds. Jatropha veg e ta ble oil is one of the prime non ed ible oil 
sources avail able in In dia. These two avail able sources are used for the pro duc tion of bio die sel.

The phys i cal and chem i cal prop er ties of rice bran oil and jatropha oil is given in tab.1

Meth ods

 Dif fer ent meth od ol o gies used for the pro duc tion of bio die sel are blend ing, mi cro emul -
sion, py rol y sis, and transesterification. From var i ous stud ies, it is found that transesterification is
the best way to mod ify the veg e ta ble oil to be com pat i ble die sel en gine fuel. The
transesterification is fur ther clas si fied into cat a lytic transesterification, super crit i cal
transesterification and non cat a lytic super crit i cal transesterification. Cat a lytic transesterification
is the cur rent method of choice in this study.

Transesterification is a com mon and well es tab lished chem i cal re ac tion in which al co hol 
re acts with tri glyc er ides of fatty ac ids (veg e ta ble oil) in the pres ence of cat a lyst. It is a re vers ible
re ac tion of fat oil (tri glyc er ides) with a pri mary al co hol to form es ters and glyc erol [4]. The
transesterification re ac tion is shown in fig. 2.  A cat a lyst is usu ally used to im prove the re ac tion
rate and yield.
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Fig ure. 2. Transesterification
re ac tion of vegetable oil



Since transesterification re ac tion is an equi lib rium re ac tion, where more amount of al -
co hol is re quired to shift the re ac tion equi lib rium to right side and pro duced more es ters as pro -
posed prod uct [5]. Meth a nol and eth a nol are used most fre quently; es pe cially meth a nol is pre -
ferred be cause of its low cost and its phys i cal and chem i cal ad van tages (po lar and short est chain
al co hol). It can quickly re act with tri glyc er ides and NaOH gets eas ily dis solved in it. Ethyl es ter
and methyl es ter al most has same heat con tent. Vis cos ity of ethyl es ter is slightly higher and
pour point is slightly lower than those of methyl es ter.

Ex per i men tal pro ce dure

Neu tral iza tion

The veg e ta ble oil used for biodiesel pro duc tion might con tain free fatty ac ids, which
will en hance saponification re ac tion as side re ac tion dur ing the transesterification pro cess. This
will re duce the con ver sion of veg e ta ble oil into biodiesel and also leads to the for ma tion of soap, 
caus ing dif fi cul ties in the sep a ra tion of biodiesel and glyc erin [6].
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Ta ble.1. Phys i cal and chem i cal prop er ties of rice bran oil and jatropha oil 

Prop er ties Rice bran oil Jatropha oil

Col our Brown ish Yel low ish or ange

Odour Agree able Dis agree able

Taste Pleas ant Bit ter

Acid value Not de tected 38.12

Saponification value 187.5 194.8

Io dine value 102.6 101.8

Vis cos ity (Cst) at 40 °C 43.02 41.2

Palmitic acid Not de tected 4.3%

Stearic acid Not de tected 6.8%

Oleic acid Not de tected 50.4%

Linoleic acid Not de tected 34.8%

Other ac ids Not de tected 3.7%

Flash point [°C] 310 214

Fire point [°C] 340 256

Cloud point [°C] 14 11

Pour point [°C] 2 6



The veg e ta ble oils con tain about 14-19.5% of free fatty ac ids in na ture, it must be freed 
be fore taken into ac tual con ver sion pro cess. The pres ence of about 14% of free fatty acid makes
the oil in ap pro pri ate for in dus trial biodiesel pro duc tion.

The de hy drated oil is ag i tated with 4% HCl so lu tion for 25 min utes and adds 0.82 g of
NaOH per 100 ml of oil to neu tral ize the free fatty acid and is co ag u lated by the fol low ing re ac -
tion:

                             RCOOH + NaOH   ®   RCOONa +  H2O

The co ag u lated free fatty acid (soap) is re moved by fil tra tion. This pro cess brings the
free fatty acid con tent to be low 0.5% [7] and is a per fect source (96-99% con ver sion achiev able) 
for bio die sel pro duc tion.

Biodiesel pro duc tion

In this study, the base cat a lyzed transesterification is se lected as the pro cess to make
biodiesel from jatropha oil. Transesterification re ac tion is car ried out in a batch re ac tor. The
re ac tor has three open ings; in that one is at cen tre and an other two are at the side. A con denser
is pro vided at the cen tre to re duce the loss of sol vent by evap o ra tion and to main tain the pres -
sure in the re ac tor. One of the side open ings is used to pro vide ther mom e ter, which helps to
mon i tor the tem per a ture of the re ac tion and the other one is used to pour the re ac tants. The re -
ac tor is placed on the hot plate with mag netic stir rer to heat and stir the re ac tant mix ture
[8-10].

For transesterification pro cess, 500 ml of rice bran oil and 500 ml of jatropha oil is
heated up to 70 ºC in two sep a rate round bot tom flasks to drive off the mois ture and stirred vig -
or ously. Meth a nol of 99.5% pu rity, hav ing den sity 0.791 g/cm3 is used. 2.5g of cat a lyst NaOH
for rice bran oil and 5 g of cat a lyst NaOH for jatropha oil is dis solved in meth a nol, in 6:1 mo lar
ra tio, in a sep a rate ves sel and was poured into round bot tom flasks while stir ring the mix ture
con tin u ously. Both the mix ture was main tained at at mo spheric pres sure and 60 ºC for 60 min -
utes [8, 11, 12].

Af ter com ple tion of transesterification pro cess, the prod uct mix tures were al lowed to
set tle un der grav ity for 24 hours in two sep a rat ing fun nels. The prod ucts formed dur ing
transesterification were rice bran oil methyl es ter (ROME) and glyc erol, jatropha oil methyl es -
ter (JOME) and glyc erin. The bot tom layer con sists of glyc erin, ex cess al co hol, cat a lyst, im pu ri -
ties, and traces of unreacted oil. The evap o ra tion of wa ter and al co hol gives 80-88% pure glyc -
erin, which can be sold as crude glyc erin. For fur ther pu ri fi ca tion, the crude glyc erin is dis tilled
by sim ple dis til la tion.

The top layer con sists of methyl es ter, re sid ual cat a lyst, meth a nol traces and other im -
pu ri ties. For wash ing and pu ri fi ca tion of methyl es ter, it was  mixed, washed with hot dis tilled
wa ter (10% v/v) at 70 °C to re move the unreacted al co hol, oil and cat a lyst are al lowed to set tle
un der grav ity for 24 hours. Two lay ers were formed, the up per layer was the biodiesel and the
lower layer was made of wa ter and im pu ri ties. This pro cess was re peated un til the lower phase
had a pH value that was sim i lar to that of dis tilled wa ter, thus in di cat ing that only wa ter was
pres ent and the cat a lyst is re moved com pletely in the wash ing. It was found that dur ing wash ing
some es ter was lost due to emul sion for ma tion.  The sep a rated biodiesel is taken for char ac ter -
iza tion. The block di a gram for the pro duc tion of biodiesel is shown in fig. 3.  The ex per i men tal
setup for bio die sel pro duc tion was shown in fig. 4.
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Re sults and dis cus sion

Ad di tional ex per i ments
were con ducted with NaOH as
a cat a lyst to study the ef fect of
dif fer ent pa ram e ters like re ac -
tion tem per a ture, mo lar ra tio of 
al co hol to oil and amount of
cat a lyst on the es ter yield as
well as the ex tent of con ver -
sion, which can be rep re sented
by the vis cos ity of es ter. The
stir ring speed was kept con -
stant at 500 rpm for all ex per i -
ments.

Ef fect of re ac tion time

Sev eral in ves ti ga tors found
that re ac tion starts very fast
and al most 80% of con ver sion
takes place in first 5 min utes
and af ter 1 hour al most 93-98% 
con ver sion of tri glyc er ides into 
es ter takes place. In pres ent
work, ef fect of re ac tion time
from 45 min utes to 120 min utes on the methyl es ter (biodiesel) yield from rice bran oil and
jatropha oil and their cor re spond ing ef fect on vis cos ity were ob served. From the ob ser va tion it
was found that es ter yield in creased as the re ac tion time in creases. How ever if the re ac tion time
was in creased be yond 1 hour,
the es ter yield was de creased
for rice bran oil and slightly in -
creased for jatropha oil. But
there was no sig nif i cant ef fect
on the vis cos ity of the es ter ob -
tained from the veg e ta ble oils
was shown in the figs. 5 and 6.

Ef fect of reactant ra tio

One of the im por tant pa -
ram e ter af fect ing the yield of
the es ter is the mo lar ra tio of al -
co hol to veg e ta ble oil em -
ployed. The stoichiometric re -
quire ment for transesterifica-
tion was 3:1 to yield 3 mole of
es ter and one mole of glyc erin.
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Fig ure 3. Block di a gram for biodiesel pro duc tion

Fig ure 4. Ex per i men tal setup for biodiesel pro duc tion



But most of the re search ers found that ex cess al co hol was re quired to drive the re ac tion close to
com ple tion. The ef fect of meth a nol in the range of 4:1 to 11:1 (mo lar ra tio) was stud ied and by
keep ing the other pa ram e ters fixed.

The op ti mum re ac tant ra tio is around 6:1 moles of meth a nol per mole of rice bran oil
and jatropha oil. It was found that es ter yield in creases with in crease in mo lar ra tio of meth a nol
to veg e ta ble oil but the in cre men tal gain in es ter yield de creases with in crease in the mo lar ra tio.
When re ac tant is go ing on in creas ing the den sity dif fer ence be tween up per and lower layer (the
two phases ob tained af ter transesterification) keeps de creas ing and hence leads to prob lems in
sep a rat ing the two. At higher re ac tant ra tio a large amount of al co hol is pres ent in the
transesterified prod ucts, re quires large amount of en ergy to dis till the prod ucts. The re sults of
this study were shown in fig. 7. But there is no sig nif i cant dif fer ence in vis cos ity of the es ter for
both cases and is shown in fig. 8.
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Fig ure 5. Ef fect of re ac tion
time on es ter (biodiesel) yield

Fig ure 6. Ef fect of re ac tion
time on viscosity

Fig ure 7. Ef fect of
re ac tant time on biodie sel 
yield



Ef fect of re ac tion tem per a ture 

Sev eral re search ers found that the tem per a ture in crease in flu ence the re ac tion in a pos -
i tive man ner. Do rado et al. [13] found that es ter yield slightly de creases above 50 °C re ac tion
tem per a ture. How ever other re search ers found better re sults for higher tem per a ture. For study -
ing the ef fect of tem per a ture on the transesterification re ac tion, the re ac tion tem per a ture was
per formed at 45, 50, 55, 60, 65, and 70 °C while the other pa ram e ters were kept con stant. The ef -
fect of re ac tion tem per a ture on the biodiesel yield is shown in fig. 9. The tem per a ture in crease
in flu ences the es ter yield in a pos i tive man ner till 55 °C for rice bran oil and af ter that it de -
creases. The tem per a ture in crease in the case of jatropha oil shows slight in crease in es ter yield
till 60 °C af ter that it de creases. How ever re ac tion tem per a ture of more than 60 °C should be
avoided, be cause the es ter yield de creased above 60 °C. It may be prob a bly due to neg a tive in -
ter ac tion be tween tem per a ture and cat a lyst con cen tra tion, due to side re ac tion such as soap for -
ma tion. Some re search ers re ported that re ac tion tem per a ture more than 60 °C should be avoided
be cause they tend to ac cel er ate the saponification of the gly cer ides by the al ka line cat a lyst be -
fore com ple tion of the alcoholysis [6, 8, 11]. The vis cos ity of rice bran oil methyl es ter in creases
slightly as the re ac tion tem per a ture in creases, but no ta ble in crease in the vis cos ity of jatropha
methyl es ter was ob served be yond 55 °C and is shown in fig.10

Ef fect of cat a lyst con cen tra tion

The ef fect of NaOH con cen tra tion was stud ied in the range of 0.5-1.5% (weight of
NaOH/weight of oil), while the other pa ram e ters were kept con stant. The cat a lyst con cen tra tion
in crease in flu ences the es ter yield in a pos i tive man ner up to 0.92% NaOH for jatropha oil af ter
that it de creases. It was found that es ter yield for rice bran oil de creases as the amount of cat a lyst
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Fig ure  8. Ef fect of re ac tant
ra tio on vis cos ity

Fig ure 9. Ef fect of re ac tion
tem per a ture on biodiesel
 yield



was in creased from 0.5 to 1.5%. The es ter yield de creases dras ti cally as the NaOH con cen tra tion 
was in creased above 1% and re duces to al most 50 for 1.5% NaOH con cen tra tion. For a con cen -
tra tion of 1.25%, both of the oil per forms sim i larly and is shown in fig. 11.Vis cos ity de creases
up to 0.92% NaOH con cen tra tion for jatropha methyl es ter and vis cos ity de creases up to 0.75%
for rice bran methyl es ter and af ter that it is al most con stant in both es ters and are shown in fig.
12.
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Fig ure 10. Ef fect of re ac tion
tem per a ture on vis cos ity

Fig ure 11. Ef fect of cat a lyst
con cen tra tion on bio die sel
 yield

Fig ure 12. Ef fect of cat a lyst
con cen tra tion on the vis cos ity



Biodie sel char ac ter iza tion

The fuel prop er ties of the biodiesel from the jatropha oil and rice bran oil and die sel
were de ter mined through stan dard tests and equipments. The prop er ties of the veg e ta ble oils and 
their methyl es ters and die sel val ues are given in tab. 2.

Table 2. Fuel properties of vegetable oils, esters, and diesel

Prop er ties
Pe tro leum

derived die sel
Jatropha

veg e ta ble oil
JOME Rice bran oil ROME

Flash point [°C] 65 214 128 316 183

Fire point [°C] 78 256 136 337 196

Pour point [°C] – 6 6 –2 1 –2

Cloud point [°C] 5 11 8 13 9

Vis cos ity at 40 °C [Cst] 2.86 36.92 4.82 43.52 5.29

Vis cos ity in dex 98 181 154 Not de tected Not de tected

Spe cific grav ity (29 °C) 0.792 0.944 0.84 0.920 0.877

Re frac tive in dex at 40 °C 1.32 1.61 1.46 1.471 1.39

Cal o rific value [MJ/kg] 44.34 39.76 42.80 38.22 41.20

It can be seen from tab. 2 that the spe cific grav ity of JOME and ROME is higher than
that of die sel. It shows that spe cific grav ity re duces af ter transesterification, vis cos ity re duces
from 57 Cst to 4.82 Cst for jatropha oil and from 43.2 Cst to 5.29 Cst for rice bran oil, which is
ac cept able as per ASTM norms for biodiesel. This prop erty is mainly im por tant in air less com -
bus tion sys tems be cause it in flu ences the ef fi ciency of au to ma tion of the fuel [14, 15].The cloud
and pour point of JOME was found 8 °C and  –2 °C, re spec tively, which is higher than the die sel
but lower than the val ues of jatropha veg e ta ble oil. Sim i larly the cloud and pour point of ROME
was found 9 °C and – 2 °C, re spec tively, which is higher than the die sel but lower than the val ues 
of rice bran oil.

Flash point and fire point are im por tant tem per a ture spec i fied for safety dur ing trans -
port, stor age, and han dling. The flash point and fire point of JOME and ROME was found and
de creases af ter transesterification when com pared to orig i nal veg e ta ble oils, which shows that
its vol a til ity char ac ter is tics had im proved and it also safe to handle.

Stor age of biodie sel

Bio die sel should be stored in clean dry tanks. Though the flash point of biodiesel is
high, still some stor age pre cau tions are needed to be taken. It can be stored for long pe ri ods in
closed con tain ers with lit tle head room but the con tainer must be pro tected from di rect sun light,
low tem per a ture, and weather. Un derground stor age is pre ferred in cold cli mates, but low tem -
per a ture can cause biodiesel to gel. The biodiesel or its blends should be stored at tem per a ture of 

THERMAL  SCIENCE: Vol. 12 (2008), No. 2, pp. 159-169 167



at least 15 °C higher than the pour point of the fuel. While blend ing the biodiesel care should be
taken to avoid very low tem per a tures as the sat u rated com pounds can crys tal lize and sep a rate
out to cause plug ging of fuel lines and fil ters.

Biodiesel and its blends are sus cep ti ble to grow ing mi crobes when wa ter is pres ent in
fuel. Con tact or con den sa tion of wa ter in the tank should be avoided be cause hy dro car bon de -
grad ing bac te ria and mold can grow and use bio die sel as food. Be ing a mild sol vent biodiesel
has the ten dency to dis solve and form sed i ments if stored in old tanks and it cause fil ter block -
age, in jec tor fail ure in ad di tion to clog ging of fuel lines. Brass, cop per, zinc, and other ox i diz ing
met als can ox i dizes the biodiesel and form sed i ments in the tank, re sults a col our change. Hence
stor age tank made of alu minum or steel should be used. Ad e quate data on the ef fect of long term
stor age on the sta bil ity of biodiesel and blends are not avail able. Based on the ex pe ri ence so far,
it is rec om mended that biodiesel can be stored up to a max i mum pe riod of six months.

Con clu sions

In the cur rent in ves ti ga tion, it has en abled us to con firm that jatropha oil as well as rice
bran oil may be used as a re source to ob tain biodie sel. JOME and ROME has be come more at -
trac tive to re place pe tro leum fuel. As per the lit er a ture study, most of the transesterification
stud ies have been done on ed ible oils like rape seed, soy bean, sun flower, and ca no la by us ing
meth a nol and NaOH /KOH as cat a lyst. Rice bran oil and jatropha oil is one of the most po ten tial
source to pro duce bio die sel in In dia, which could of fer op por tu ni ties for gen er a tion of ru ral em -
ploy ment, in creas ing in come and im prov ing en vi ron ment. The above ex per i men tal re sult re -
veals the al ka line cat a lyzed transesterification was a prom is ing area of re search for pro duc tion
of biodiesel in large scale.

Ef fect of dif fer ent pa ram e ters such as tem per a ture, time, re ac tant ra tio and cat a lyst
con cen tra tion on the bio die sel yield was an a lyzed. The best com bi na tion of the pa ram e ters was
found as (1) 6:1 mo lar ra tio of meth a nol to oil for both oils, (2) 0.92% so dium hy drox ide cat a lyst 
for jatropha oil and 0.75% for rice bran oil, (3) 60 °C re ac tion tem per a ture for both oils, and (4)
60 min utes of re ac tion time for both oils. The vis cos ity of jatropha oil and rice bran oil re duces
sub stan tially af ter transesterification and comparable to diesel.

Biodie sel is con sid ered as clean fuel since it has al most no sul phur, no ar o matic and
has about 10% inbuilt O2 which helps it to burn com pletely. Its higher cetane num ber im proves
the ig ni tion qual ity even when blended in the petro-die sel. Biodiesel pro duces lower CO emis -
sion; it re duces  CO emis sion of about 25% to that of die sel fuel.

Biodie sel (JOME and ROME) char ac ter is tics like den sity, vis cos ity, flash point,
cloud, and pour point are within the spec i fi ca tion of ASTM norms. Fi nally it is con cluded that
based on the field trails and stor age, biodiesel from jatropha oil and rice bran oil could be rec om -
mended as a fuel, if en gine per for mance tests pro vide sat is fac tory results.
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